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Abstract 
Introduction The virulence-associated gene (VAG) repertoire and clonal organization of 

uropathogenic Escherichia coli (UPEC) strains is influenced by host demographic, geographic locale, and 
the setting of urinary tract infection (UTI). Nevertheless, a direct comparison of these features among 
Australian and Turkish UPEC remains unexplored. Accordingly, this study investigated the clonal 
composition and virulence characteristics of a collection of UPEC isolated from Australian and Turkish 
UTI patients.  

Methods A total of 715 UPEC strains isolated from Australian (n=361) and Turkish (n=354) 
children and adults with hospital (HA)- and community-acquired (CA)-UTIs were included in this study. 
Typing of the strains using RAPD-PCR and PhPlate fingerprinting grouped all strains into 25 clonal 
groups (CGs). CG representatives were phylogrouped and screened for the presence of 18 VAGs 
associated with extraintestinal pathogenic E. coli. 

Results Turkish UPEC strains were characterized by high clonal diversity and predominance of the 
phylogroup D, while few distinct clonal groups with phylogenetic group B2 backgrounds dominated 
among the Australian strains. Twelve identical CGs were shared between ≥1 patient group from either 
country. Australian strains, particularly those isolated from children with HA-UTI, showed higher 
virulence potential than their Turkish counterparts, carrying significantly more genes associated with 
adhesion, iron acquisition and capsule biosynthesis.  

Conclusions This study identified identical CGs of UPEC causing HA- and CA-UTIs among 
Australian and Turkish UTI patients. These CGs frequently carried VAGs associated with adhesion, iron 
acquisition, immune evasion, and toxin production, which may contribute to their ability to disseminate 
internationally and to cause UTI. 

 

Keywords Uropathogenic Escherichia coli, urinary tract infection, Turkey, Australia. 
 

Introduction 
Urinary tract infections (UTIs) are among the 

most commonly encountered bacterial infections, 
1worldwide.1 The clinical spectrum of UTI spans 
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from benign asymptomatic bacteriuria, through 
to more complicated sequelae including 
permanent renal scarring and septicemia.2,3 
Among children, UTIs are most common among 
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infants, while as many as 40% of women and 
12% of men experience at least one symptomatic 
UTI within their lifetime.4,5 

Among the multitude of uropathogens 
capable of causing UTI, uropathogenic Escherichia 
coli (UPEC) is the primary etiological agent in 80-
90% of cases.6 Belonging mostly to the 
phylogenetic groups, B2, and, D, UPEC strains 
differ from their commensal counterparts by 
carrying specialized repertoires of virulence-
associated genes (VAGs).7 Synergistic expression 
of combinations of VAGs facilitates UPECs 
colonization of extraintestinal sites including the 
urogenital tract, preceding UTI pathogenesis.8 
For instance, type-1 pili mediate attachment to 
the urothelium, P-pili have an affinity for renal 
epithelial cells and hence, are common among 
UPEC causing pyelonephritis.9,10 Phase-variable 
expression of antigen 43 (Ag43) provides UPEC 
with additive biofilm forming capabilities, while 
α-hemolysin perforates and lyses host cell outer 
membranes, liberating key growth-limiting 
nutrients such as iron.11,12 

It has been shown previously that host 
demographic, infection setting (i.e., inpatient vs. 
outpatient) and geographic locale influence the 
virulence characteristics and clonal organization 
of UPEC communities.13-15 For example, several 
independent Australian studies showed that 
UPEC isolated from children and adults with 
hospital-acquired (HA)-UTIs were dominated by 
few distinct clones with phylogenetic group B2 
backgrounds and varying VAG repertoires.16,17 
The predominance of the phylogenetic group B2 
was also reported among UPEC isolated from 
Australian community-acquired (CA)-UTI 
patients however, the VAG profiles of these 
strains differed considerably from those of HA-
UTI strains.18,19 In other geographic locales such 
as Turkey, the available data indicates that UPEC 
strains causing both HA- and CA-UTIs belong to 
highly diverse clonal lineages dominated by the 
phylogenetic group, D.20,21 While these findings 
suggest that selection pressures imposed by 

varying hosts and environments influences the 
clonal organization and virulence traits of UPEC, 
a direct comparison of these features among 
Australian and Turkish UPEC is yet to be 
explored. 

The dissemination of internationally 
successful clonal groups (CGs) of UPEC has been 
reported before. For instance, Manges et al. 
(2008) showed that CGs of UPEC isolated from 
women with CA-UTIs in California, USA, were 
identical to those recovered from women with 
CA-UTIs in Montreal, Canada.22 Similarly, 
Johnson et al. (2005) described the dissemination 
of the E. coli clonal group A throughout the 
United States, South America, Europe and 
Asia.23,24 While these findings demonstrate the 
adaptability of dominant UPEC CGs to varying 
patient demographics and geographic locales, 
data describing differences between the clonal 
organization and virulence characteristics of 
UPEC strains causing HA- and CA-UTIs among 
Australian and Turkish patients is scarce. 
Moreover, whether dominant CGs of UPEC 
have disseminated between these countries to 
cause UTI remains undetermined. In view of the 
above, this study aimed to: (i) compare and 
contrast the clonal composition and virulence 
characteristics of UPEC isolated from Australian 
and Turkish children and adults with HA- or CA-
UTIs, and (ii) to investigate the presence and 
distribution of shared CGs of UPEC between 
UTI patients in these countries. 

 
Methods 
UPEC strains and their sources  
A total of 715 Australian (n=361; male=177, 

female=84) and Turkish (n=354; male=174, 
female=180) UPEC strains were included in this 
study. Australian strains were isolated from 
hospitalized children (n=102) aged between 1 
month and 11 years (median age 14 months), 
and adults (n=92) aged between 18 and 96 years 
(median age 65 years) from two metropolitan 
hospitals in South-East Queensland, Australia 
between 2016 and 2017. Twenty-nine UPEC 
strains were isolated from children with CA-UTI 
aged between 9 months and 10 years (median age 
2 years), while a further 138 strains were isolated 
from adults aged between 18 and 89 years 
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(median age 64 years). Both groups attended the 
same outpatient clinic in the Sunshine Coast 
region of Queensland, Australia between 2016 
and 2017. None of the CA-UTI patients had a 
history of hospitalization six weeks prior to 
attending the outpatient clinics and all patients 
had symptoms consistent with uncomplicated 
symptomatic UTI. Upon isolation, all strains 
were stored in tryptone-soy broth (Oxoid, 
Australia) containing 25% (v/v) glycerol at -80°C 
for further analysis. 

Turkish strains were isolated from 
hospitalized children (n=30) aged between 6 
months and 11 years (median age 4 years), and 
adults (n=98) aged between 18 and 87 years 
(median age 61 years) from a 1400-bed 
metropolitan hospital located in Central 
Anatolia, Turkey, during 2016. Another 127 
strains were isolated from children with CA-UTI 
aged between 10 months and 15 years (median 
age 7 years) and adults with CA-UTI (n=99) aged 
between 18 and 90 years (median age 54 years). 
None of the CA-UTI patients had a history of 
hospitalization at least six weeks prior to 
attending the outpatient clinics and all had 
symptoms consistent with uncomplicated 
symptomatic UTI.  

Urine samples were collected either by 
patients themselves as clean-catch urine, through 
suprapubic aspiration in out-patient clinics, or via 
collection bag in hospitals. All samples were 
processed by the pathology technicians in the 
outpatient clinics and in hospitals respectively. 
Upon isolation of E. coli from the urine samples 
by pathology technicians, a culture of the strains 
was saved on nutrient agar for the research group 
to be collected. These strains were then 
transferred to the laboratory, purified on 
MacConkey agar no. 3 and confirmed as E. coli 
using the universal stress protein A (uspA) gene25 
with the clinical E. coli strain, RBH130, serving as 
the positive control. 

To confirm PCR amplification of the uspA 
gene (accession number NC 00913), PCR 
products were purified using a QIAquick PCR 
purification kit (Qiagen, Australia) and submitted 
for Sanger Sequencing at the Australian Genome 
Research Facility (AGRF; University of 

Queensland, Australia). Sequences showing a 
100% match with the sequence encoding uspA 
served as confirmation of the presence of E. coli. 
The corresponding strains were stored in 
tryptone-soy broth (Oxoid) containing 25% 
glycerol (v/v) at -80°C for further analysis.  

 
Typing of the isolates 
Typing of all E. coli strains was performed 

using combination of a PhP biochemical 
fingerprinting method (PhPlate-RE) and 
randomly amplified polymorphic DNA (RAPD)-
polymerase chain reaction (PCR) typing 
methods.25-27 

 
a) PhP typing with the PhPlate-RE system 

All strains were typed using a high-resolution 
biochemical fingerprinting method developed 
specifically for the typing of E. coli (PhPlate-RE; 
PhPlte AB, Sweden). Briefly, single colonies were 
suspended in PhPlate growth medium containing 
0.011% (w/v) bromothymol blue and 0.1% (w/v) 
proteose peptone and dispensed into PhPlates 
according to the manufacturer’s instructions. 
Plates were inoculated, incubated at 37°C and 
scanned at intervals of 7, 24 and 48 h using a HP 
Scanjet 4890 scanner. After the final reading, 
images were imported into PhP software 
(PhPWin version 4.24, PhPlate AB) and 
converted to absorbance numerical values. Mean 
numerical values calculated from all individual 
readings created the biochemical fingerprint for 
each isolate.26 Similarity among the isolates was 
calculated as a correlation coefficient and 
clustered according to the unweighted pair-group 
method using arithmetical averages (UPGMA) to 
yield a dendrogram. Strains showing an identity 
(ID) level >0.975 were regarded as identical and 
assigned to the same biochemical phenotype 
(BPT). 

 
b) Randomly amplified polymorphic DNA 

analysis 
Strains were also typed using a RAPD PCR 

typing method adapted from Corney et al. (1993) 
using the primer KG (5′-
ACACGCACACGGAAGAA-3′).28 PCR 
products were separated in a 1.5% agarose gel 
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(Progen, Australia) at 100V for 100 min stained 
with ethidium bromide and visualized using the 
Bio-Rad XRS Chemichanger (Bio-Rad 
Laboratories, Australia). Images were imported 
into the GelCompar II v 5.1 Software 
(AppliedMath, Belgium). Resulting banding 
patterns were compared for their similarities and 
dendrograms were created using the UPGMA 
with Dice’s coefficient. BPTs identified in each 
patient group throughout both countries showing 
identical RAPD-PCR patterns were regarded as 
common types (CTs), while the remaining 
isolates were designated as single types (STs).  

 
Detection of clonal groups in both countries 
Using the abovementioned typing methods, 

single representatives of each CT were selected 
and compared between the various UTI patient 
subsets within the same country. Strains 
identified as being identical were assigned to the 
same clonal group (CG). Single representatives of 
each CG from Australian and Turkish patient 
groups were compared and if identical, they were 
regarded as members of the same clonal cluster 
(CC). Diversity among the isolates within each 
patient group was calculated using Simpson’s 
index of diversity (Di), with Di reflecting the 
breadth of distribution of isolates within a given 
CT.29 All data handling, including calculations of 
correlations coefficients, diversity indices and 
clustering was performed using the PhPlate 
software version 4002 (PhPlate). To identify VAG 
profiles of CGs, single representatives of each CG 
were selected and cultivated on MacConkey agar 
no. 3 (Oxoid) for 24 h at 37°C for purification 
and stored in tryptic soy broth (Oxoid) 
containing 25% (v/v) glycerol at -80°C for further 
analysis. 

 
DNA extraction  
All strains were recovered onto nutrient agar 

(Oxoid) and genomic DNA was extracted using 
an adaptation of the boiling method described 
previously.30 Briefly, individual colonies were 
suspended in 150 L of sterile filtered MiliQ H2O 
and boiled in a dry heat block for 15 min at 
100C. Suspensions were homogenized and 
centrifuged at 25,897 × g for 10 min. Supernatant 

containing the DNA was collected and stored at -
20°C for further analysis.  

 
Phylogenetic grouping and PCR detection 

of VAGs  
Strains were tested for their phylogenetic 

groups using a triplex PCR method described 
previously.31 They were also screened for the 
presence of 18 VAGs associated with E. coli 
strains causing extraintestinal infections.32 These 
included genes encoding P-pili (papAH, papEF, 
papC, papG allele II and papG allele III) and type 
1 pili (fimH); the central region of S fimbriae and 
F1C fimbriae operons (sfa/focDE), siderophore 
genes (fyuA, iutA, iroNE.coli); the toxins genes, hlyA 
and cnf1; genes encoding K1 capsule (kpsMT K1) 
and group II polysaccharide synthesis (kpsMT II); 
colicin C (cvaC), invasion of brain endothelium 
(ibeA) and serum survival (traT). VAGs were 
arranged into 10 multiplex and 4 uniplex PCRs, 
with sterile filtered MilliQ H2O serving as the 
negative control. The primer sequences, 
amplicon sizes and PCR cycling conditions used 
were detailed previously.33 Strains were also 
screened for the presence of Ag43 (fluA) as 
previously described.34 The clinical E. coli strains, 
RBH130, and RBH136, served as the positive 
control for papAH, papEF, papC, papG allele II 
and papG allele III, fimH, sfa/focDE, hlyA, cnf1, 
fyuA, iutA, iroNE.coli and kpsMT II as previously 
reported.16 Clinical strain RBH14 served as the 
positive control for ibeA and kpsMT K1, RBH133 
for afa/draBC and traT, and RBH8 for cvaC 16. 
All PCR products were separated on a 1.5% 
agarose gel stained with ethidium bromide at 100 
V for 60 min and PCR products were visualized 
using the Syngene, GeneGenius Gel Light 
Imaging System (Syngene, India).  

 
VAG scores  
VAG scores were calculated from the sum of 

all VAGs for which all CGs within a patient 
subset tested positive. Each detected VAG was 
assigned a score of one with adjustments made 
for multiple detection of the same operon (i.e., 
papAH, papC, papEF and papG allele II and III, 
and capsule genes kpsMT II and kpsMT K1) as 
described before.16,35 VAG scores for CGs 
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represented the VAG score for each CT 
multiplied by the number of isolates it 
represented, divided by the total number of 
isolates represented in each shared CG. 
Differences in the prevalence of VAG functional 
groups were calculated from the sum of all VAGs 
for which a patient group tested positive. 

 
Statistical analyses 
Statistical analysis was performed using the 

Graph Pad Prism version 9.01 for Windows 
(GraphPad software, USA). Fisher’s exact test was 
used to compare the significance of the difference 
between the distribution of CGs and the 
prevalence of VAGs among Australian and 
Turkish patient groups. Differences were 
considered statistically significant where p<0.05. 

 
Results 
Distribution of UPEC among Australian 

and Turkish patients with UTI  
Initial clustering analysis of the 715 

Australian and Turkish E. coli isolates resolved 56 
CTs comprising 265 isolates (73.4%) and 96 STs 
among the Australian isolates, and 60 CTs 
comprising 180 isolates (51%) and 174 STs 
among the Turkish isolates (Table 1). CT 
representatives were selected and compared to 
identify identical UPEC (referred to as CGs) 
among different patient groups within the same 
country. Clustering analysis resolved 13 CGs 
among the Australian strains (CG 1 - CG 13) and 
14 CGs among the Turkish strains (CG 14 - CG 
27) (Figures 1A and 1B). The total number of 
isolates represented by Australian CGs (n=256) 
was significantly (p<0.0001) higher than those 
represented by the Turkish CGs (n=180) (Table 
1). Most (85%) of the Australian CGs were found 
in ≥2 patient groups, with four dominant CGs 
(CGs 2, 7, 8 and 12) identified in ≥3 patient 
groups and representing 64% (n=120) of the 
isolates tested (Figure 1A). CG 7 was present in 
all Australian patient groups and represented 
39% of the isolates tested (Figure 1A). 
Differences in the distribution of Australian CGs 
relative to patient age (55% adults vs 45% 
children), or infection setting were not 
statistically significant however, 10 (77%) of the 
13 CGs were present in both hospital and 

community settings. Most (93%) of Turkish CGs 
were detected in ≥2 patient groups, with 57% 
(8/14) of the strains present among adults and 
children with CA-UTI, revealing a significant 
(p=0.019) association between Turkish CTs and 
community infection settings (Figure 1B).  

 
 
Identical clonal groups of UPEC are shared 

between Australian and Turkish patients with 
UTI 

The abovementioned typing methods were 
used to compare single representatives of each 
Australian and Turkish CG. In all, 25 CGs 
representing a total of 309 isolates were resolved 
(Figure 2). Of these, 12 CGs were detected in one 
or more patient groups in either country, and we 
named them as members of the same clonal 
cluster (CC) (Figure 2). In all, we found that 53% 
(n=164) of the isolates tested were represented by 
six CCs, with each being identified in ≥2 patient 
groups from either country. These include CCs 
3, 5, 6 16, 19 and 22 (Figure 2). CG 16 was 
recovered from all Australian groups and two 
Turkish groups, while the opposite was true for 
CG 19 (Figure 2). The distribution of CCs 
relative to patient age (55% adult vs 45% child) 
or country of isolation (50% each) did not differ 
significantly however, CCs were significantly 
(p<0.050) more prevalent in community settings. 

 
Phylogeny  
The phylogenetic grouping of the strains 

revealed an association between each CTs’ source 
of isolation and its phylogroup. Whilst the 
majority of the Australian CTs belonged to the 
phylogroups B2 (75%) and D (21.4%), most 
Turkish CTs belonged to the phylogroup D 
(84%) (Table 2). The prevalence of the 
phylogroup B2 was not significantly different 
between the Australian patient groups. 

 
VAG scores 
While Australian isolates generally carried 

more VAGs than the Turkish isolates, Australian 
children with HA-UTI (9.53.0) and adults with 
CA-UTI (9.44.0) had significantly (p=0.015 and 
p=0.017 respectively) higher VAG scores than  
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Table 1. Distribution of common types (CTs) and single types (STs) of uropathogenic E. coli (UPEC) 
isolated from Australian and Turkish children and adults with hospital- or community-acquired urinary 
tract infections. Symbols indicate a significant difference (p<0.05) between the number of isolates within 
CTs for patient groups in each country. 
 

  Australian isolates 
    Hospital-acquired UTI Community-acquired UTI 

Total 
Adult Children Adult Children 

No. of isolates tested 92 102 138 29 361 
No. CTs (no. of isolates)  18 (72)* 15 (74) 19 (101) 4 (18) 56 (256) 
No. of STs (%) 20 (22) 28 (27) 37 (27) 11 (38) 105 (29) 
Diversity index 0.959 0.930 0.953 0.877  
 Turkish isolates   
No. of isolates tested 98 30 99 127 354 

No. CTs (no. of isolates) 17 (44) 5 (10) 17 (49)  21 (77)β  60 (180) 

No. of STs (%) 54 (55)** 20 (67)# 50 (51) 50 (39) 174 
Diversity index 0.989 0.984 0.987 0.982  

*No. isolates comprising common types (CTs) isolated from Australian adults with HA-UTI was significantly higher 
than the number of isolates comprising single types (STs). 
#No. isolates comprising CTs isolated from Australian children with HA-UTI was significantly higher than those 
comprising STs. 
No. isolates comprising CTs isolated from Australian children with CA-UTI was significantly higher than those 
comprising STs. 
**No. isolates comprising STs isolated from Turkish adults with HA-UTI was significantly higher than those 
comprising CTs. 
##No. isolates comprising STs isolated from Australian children with HA-UTI was significantly higher than those 
comprising CTs. 
βNo. of isolates comprising CTs isolated from Turkish children with CA-UTI was significantly higher than those 
comprising STs. 
 
Table 2. Distribution of phylogenetic groups among uropathogenic E. coli (UPEC) common types (CTs) 

isolated from Australian (n=56) and Turkish (n=60) children and adults with hospital- (HA)- or 
community-acquired (CA)- urinary tract infections (UTIs) 

 

 Australian UPEC Turkish UPEC 

 AH CH AC CC AH CH AC CC 

No. of C-types 18 15 19 4 17 5 17 21 

A (%) 0 1 (7) 1 (5) 0 0 0 0 0 

B1 (%) 0 0 0 0 0 0 0 0 

B2 (%) 14 (78) 9 (60) 16 (84) 3 (75) 7 (41) 0 0 3 (14) 

D (%) 4 (22) 5 (33) 2 (11)  10 (59) 5 (100) 17 (100) 18 (86) 

AC – adult with CA-UTI; AH – adult with HA-UTI; CC – child with CA-UTI; CH – child with HA-UTI. 
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The number of isolates represented by each CG are shown. TA-H, Turkish adult with HA-UTI (red circle); TA-C, 
Turkish adult with CA-UTI (dark blue circle); TC-H, Turkish child with HA-UTI (fuchsia circle); TC-C, Turkish child 
with CA-UTI (black circle); AA-H, Australian adult with HA-UTI (light blue circle); AA-C, Australian adult with CA-
UTI (yellow circle); AC-H, Australian child with HA-UTI (green circle); AC-C, Australian child with CA-UTI (orange 
circle). 
 

Figure 1. Clonal composition and phylogenetic backgrounds of uropathogenic E. coli (UPEC) clonal 
groups (CGs) isolated from Australian (A) and Turkish (B) children and adults with hospital- (HA)- or 

community-acquired (CA)-UTI 
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CCs detected among 2 patient groups from either country are framed. The number of isolates represented by each 
CC are shown. Turkish adult with HA-UTI (red circle); Turkish adult with CA-UTI (dark blue circle); Turkish child 

with HA-UTI (fuchsia circle); Turkish child with CA-UTI (black circle); Australian adult with HA-UTI (light blue 
circle); Australian adult with CA-UTI (yellow circle); Australian child with HA-UTI (green circle); Australian child 

with CA-UTI (orange circle). 
Figure 2. Distribution of clonal clusters (CCs) among a collection of E. coli isolated Australian and 

Turkish patients with urinary tract infection 
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Turkish children with HA-UTI (6.81.0) and 
adults with CA-UTI (8.01.3) (Figures 3A and 
3B). 

 
Prevalence of VAG functional groups  
Comparison of VAG functional groups 

among Australian and Turkish CGs showed that 
adhesin genes were significantly (p=0.002) more 
prevalent in Australian children with HA-UTI 
(70%) than in Turkish children with HA-UTI 
(54%) (Figure 4A). In outpatient settings, adhesin 
genes were significantly (p=0.019) more prevalent 
in Turkish children with CA-UTI (53%) than in 
Australian children with CA-UTI (37%) (Figure 
4A). All Australian patient groups, except for 
adults with CA-UTI, carried significantly more 
genes encoding iron acquisition, capsule 
biosynthesis and other VAGs when compared to 
their Turkish counterparts (Figures 4B, 4C, 4D 
and 4E).  

UPEC shared between Australian and 
Turkish patients with UTI share common 
virulence characteristics  

Table 3 shows the prevalence of different 
VAGs among CGs of UPEC between the 
Australian and Turkish patient groups. The 
difference was more pronounced among children 
with both HA- and CA-UTI in these countries 
(Table 3). Among the CCs, 42% (n=5) carried 
≥10 of the 18 VAGs tested (Table 4). The fimH 
gene was highly conserved (98%), while 58% of 
CCs carried papAH and papG allele II (Table 4). 
Fifty percent of CCs encoded fluA, while the 
prevalence of the siderophore receptor genes, 
fyuA, and iutA, was 67% and 50% respectively 
(Table 4). Fifty percent of SCGs encoded hlyA, 
while the capsule synthesis genes, kpsMT KI and 
kpsMT KII were carried by 75% and 50% strains, 
respectively (Table 4). There was no correlation 
between the total number of VAGs carried and 
the number of isolates represented by a CC 
(r2=0.04) (Table 4).  

 
Discussion 
The emergence and dissemination of globally 

successful clonal clusters of UPEC represents a 
formidable and justified public health concern. 
While the mechanisms that facilitate the 

dissemination of these strains are yet to be fully 
elucidated, variations in the carriage of VAGs of 
these CCs could be partly due to the selective 
pressures imposed by hospitals and 
communities.36,37 

In this study, we were interested to compare 
UPEC strains isolated from Turkish and 
Australian patients with HA- or CA-UTIs mainly 
due to their significant geographic distance and 
cultural practices while lacking any remarkable 
socioeconomic differences. Using a combination 
of two typing methods, the study was extended to 
determine whether identical clonal groups of 
UPEC were shared between UTI patients in 
these countries. We found that the Turkish 
strains belonged to a highly diverse collection of 
clonal groups predominated by the phylogroup 
D, as reported before.20,21 The fact that most of 
these strains were detected among both children 
and adults with CA-UTI suggests that clonally 
diverse strains of UPEC are readily transmitted 
between members of the Turkish community, 
irrespective of patient age. The opposite was true 
for the Australian strains, with four dominant 
clonal groups accounting for 64% of the strains 
tested; most of which belonged to the phylogroup 
B2. While distinct clonal groups of UPEC have 
been shown to cause HA-UTIs among Australian 
children and adults before,16,38 our results showed 
that a significant proportion of the Australian 
CGs originating from HA-UTI settings were also 
present among CA-UTI patients. Although novel 
to this study, this finding was not surprising given 
that the transition of UPEC clones from 
Australian sewage treatment plants to nearby 
environmental waters has been reported 
before.19,27,39 

Several key studies have described the 
endemic and epidemic transmission of dominant 
UPEC clones. For example, Manges et al. (2008) 
showed that distinct clonal clusters of UPEC 
causing CA-UTIs throughout California, USA, 
were identical to those causing CA-UTIs in 
Montréal, Canada.40 Similarly, Johnson and 
colleagues (2002) reported the dissemination of 
what was once considered a bona fide European 
UPEC clone (O15:K52:H1) into the United 
States.23 Using two high-resolution typing 
methods, we identified 12 identical UPEC clonal  
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AC – adult with CA-UTI; AH – adult with HA-UTI; CC – child with CA-UTI; CH – child with HA-UTI. 

Figure 3. Virulence-associated gene (VAG) scores (mean  SEM) among clonal groups (CGs) of 
uropathogenic E. coli (UPEC) isolated from Turkish (white box) and Australian (black box) children and 

adults with community-acquired (CA-, A) or hospital-acquired (HA- B) urinary tract infections (UTIs) 
*p≤0.050 

 
AC – adult with CA-UTI; AH – adult with HA-UTI; CC – child with CA-UTI; CH – child with HA-UTI. 

Figure 4. Prevalence (%) of virulence-associated genes (VAGs) among clonal groups (CGs) of 
uropathogenic E. coli (UPEC) isolated from Turkish (white box) and Australian (black box) children and 

adults with hospital- (HA) or community-acquired (CA)- urinary tract infections (UTIs). VAGs were 
assigned to one of five classifications based on their putative functions such as bacterial adhesion (A), 

iron acquisition (B), toxin production (C), capsule biosynthesis (D) or other functions (E). 
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Table 3. The prevalence (%) of 18 virulence-associated genes (VAGs) commonly associated with E. coli strains causing extraintestinal infections among a collection of 

uropathogenic E. coli (UPEC) clonal groups (CGs). Strains were isolated from Turkish and Australian children and adults with hospital-acquired (HA-) or community-
acquired urinary tract infections (UTIs).  

 

  
VAGs 

Hospital-acquired UTI Community-acquired UTI 
Adults Children Adults Children 

Aus Tur p-value Aus Tur p-value Aus Tur p-value Aus Tur p-value 
Adhesins             
papAH 8 (44) 12 (71) 0.0002 9 (60) 2 (40) 0.007 11 (58) 11 (65) - 2 (50) 13 (62) - 
papEF 9 (50) 1 (6) <0.0001 13 (87) 2 (40) <0.0001 11 (58) 1(6) <0.0001 2 (50) 1 (5) <0.0001 
papC 6 (33) 13 (76) <0.0001 9 (60) 2 (40) 0.007 10 (53) 6 (35) 0.0152 2 (50) 7 (33) 0.0214 
papG allele II 7 (39) 9 (53) - 11 (73) 2 (20) 0.0001 6 (11) 5 (29) 0.0024 2 (50) 7 (33) 0.0214 
papG allele III 10 (56) 10 (82) <0.0001 7 (47) 4 (80) <0.0001 10 (53) 15 (88) <0.0001 0 (0) 21 (100) <0.0001 
fimH 16 (89) 15 (88) - 14 (93) 4 (80) 0.011 19 (100) 12 (71) <0.0001 4 (100) 18 (86) <0.0001 
sfa/focDE 4 (22) 10 (59) <0.0001 12 (80) 4 (80) - 8 (42) 12 (71) <0.0001 1 (25) 14 (67) <0.0001 
fluA 8 (44) 8 (47) - 12 (15) 0 (0) - 16 (84) 2 (12) <0.0001 3 (75) 9 (43) <0.0001 
Siderophores             
fyuA 16 (89) 11 (64) <0.0001 4 (27) 0 (0) <0.0001 16 (84) 16 (94) 0.04 3 (75) 16 (76) - 
iutA 15 (83) 6 (35) <0.0001 4 (27) 0 (0) <0.0001 5 (26) 6 (35) - 2 (50) 7 (33) 0.0214 
iroNE.coli 9 (50) 7 (35) 0.0449 8 (53) 1 (20) <0.0001 5 (26) 7 (41) 0.035 7 (35) 9 (43) <0.0001 
Toxins              
hlyA 4 (22) 14 (82) <0.0001 5 (33) 2 (20) - 10 (53) 11 (65) - 3 (75) 11 (52) 0.0012 
cnf1 5 (28) 0 (0) <0.0001 3 (20) 0 (0) <0.0001 6 (11) 0 (0) 0.007 1 (25) 0 (0) <0.0001 
Capsule synthesis             
kpsMT K1 7 (39) 11 (65) 0.0004 11 (73) 0 (0) <0.0001 11 (58) 8 (47) - 1 (25) 10 (48) 0.0012 
kpsMT II 12 (61) 9 (47) - 6 (40) 1 (20) 0.0032 14 (74) 7 (41) <0.0001 3 (75) 8 (38) - 
Others             
cvaC 2 (11) 9 (53) <0.0001 9 (60) 0 (0) <0.0001 2 (4) 4 (24) <0.0001 2 (50) 3 (14) <0.0001 
ibeA 3 (17) 0 (0) <0.0001 7 (47) 0 (0) <0.0001 7 (37) 4 (24) - 1 (25) 3 (14) <0.0001 
traT 12 (67) 3 (18) <0.0001 5 (33) 1 (20) - 12 (23) 4 (24) - 2 (50) 8 (38) - 
VAG score 8.9±3.5 9.1±3.9 - 9.5±3.

0 
6.8±1 0.0154 9.4±4.0 8.4±1.3 - 9.5±6 8.3±1.7 0.01 
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Table 4. Prevalence of 18 virulence-associated genes (VAGs) among a collection of UPEC belonging to the same clonal clusters (CCs) isolated from 
Australian (A) and Turkish (T) children and adults with either hospital-acquired (HA-) or community-acquired (CA-) urinary tract infections (UTIs). 

 

CCs 
 

CT 
No. isolates 
represented 

No. CTs / 
Country (%) 

Adhesins Siderophores Toxins Capsule Other  

papAH papEF papC 
papG 
allele 

II 

papG 
allele 

III 
fimH  

sfa/foc
DE 

fluA fyuA iutA 
iroNE. 

coli 
hlyA cnf-1 

kpsMT 
K1 

kpsMT II cvaC ibeA traT 
No. 

VAGs 
(%) A T 

CC 1 CT 21 9 1 (33) 2 (67)    +  +   + + + +  + + + + + 11 (61) 

CC 3 CT 25 17 2 (50) 2 (50)     + +   + + +    +    6 (33) 

CC 4 CT 9 11 2 (50) 2 (50)   + +   + + + + + +  + +    10 (56) 

CC 5 CT 22 26 2 (33) 4 (67) + + + +  +  + + + + +  +  +  + 13 (72) 

CC 6 CT 23 15 2 (50) 2 (50)      +        +     2 (11) 

CC 9 CT 4 12 2 (67) 1 (33) +   + + +        +     5 (28) 

CC 15 CT 8 7 1 (33) 2 (67) +  + + + +      +  + +    8 (44) 

CC 16 CT 3 58 2 (40) 3 (60) + +  +  +  + + +    +    + 9 (50) 

CC 19 CT 10 32 6 (75) 2 (25) +  + +  + +  +          6 (33) 

CC 21 CT 19 6 1 (50) 1 (50)      +  + + +     +  + + 7 (39) 

CC 22 CT 18 16 1 (33) 2 (67) + + +  + + + +    + + +     10 (56) 

CC 23 CT 20 13 1 (33) 2 (67) + + +  + + + + +  + + + + +   + 14 (78) 

Total 
(%) 

 222 
23 

(48) 
25 

(52) 
7 (58) 4 (33) 6 (50) 7 (58) 5 (42) 

11 
(92) 

4 (33) 
6 

(50) 
8 

(67) 
6 

(50) 
5 (42) 

6 
(50) 

2 
(17) 

9 (75) 6 (50) 
2 

(17) 
2 

(17) 
4 

(33) 
 

UPEC strains belonging to CCs were identified in one or more patient group from both Australia and Turkey. The number isolates represented, distribution of CTs 
between countries and VAG profiles of CCs are shown. Dominant CCs representing >25 isolates each are framed.
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clusters causing CA- and HA-UTIs among 
Turkish and Australian patients of varying ages 
and designated these strains as clonal clusters 
(CCs). Among these, six CCs represented 53% of 
the strains tested, with each being detected in two 
or more patient groups from either country. 
While the distribution of CCs had no association 
with patient age or country of isolation, they were 
significantly more prevalent throughout 
Australian and Turkish community settings. We 
postulate that these dominant clusters colonize 
and circulate among otherwise healthy 
community members, likely as part of the 
intestinal reservoir, before being disseminated 
more broadly through widespread exposure to a 
common source (i.e., water, food), person-to-
person contact or exposure to some other 
environmental source.41,42 Nevertheless, we 
recognize epidemiological studies of higher 
resolution are required to determine the 
directionality of transfer for these strains. Due to 
logistical reasons, we did not investigate the 
prevalence of important clones of UPEC such as 
the serotype O25:H4, ST131 that has a universal 
distribution among UPEC strains. 

Whole genome analyses and PCR studies 
have demonstrated the broad diversity of VAG 
repertoires encoded by UPEC.43,44 Indeed, 
variations in the carriage and expression of VAGs 
correspond with marked differences in virulence 
potential and urofitness.41,45 In the present study, 
we showed that Australian UPEC strains carried 
more VAGs than Turkish strains, which could be 
partly due to the prevalence of the phylogroups, 
B2 and D, among these countries, respectively.14 
Of the Australian strains, those isolated from 
children with HA-UTIs and adults with CA-UTIs 
had significantly higher VAG scores than their 
Turkish counterparts, possibly reflecting the 
adaptation of less virulent clones to the less 
robust immune systems of these Turkish groups, 
or vice versa. The scarcity of information on 
patients did not allow us for a detailed 
comparison of the two groups with regards to the 
immune response or disease factors among our 
patient groups in these countries. Of particular 
interest to us was the fact that several of the more 
dominant CCs (i.e., CC 16 and 19) identified in 
this study carried no more than half of the VAGs 

tested. Accordingly, we suggest that the additive 
functions of other putative and/or unknown 
genetic elements contribute to the dominance 
and/or dissemination of these strains. 

The adherence of UPEC to host urothelial 
cells, mediated by adhesins, is crucial for 
successful colonization of the urinary tract.45 
Interestingly, this study identified several key 
differences in the prevalence in adhesin genes 
among Australian and Turkish UPEC. For 
example, UPEC trains from Turkish children 
with CA-UTI and Australian children with HA-
UTI encoded significantly more adhesin genes 
than strains in their respective patient groups, 
suggesting an increased requirement for adhesins 
among these patient groups.16 The fimH gene was 
highly conserved among all CGs and CCs, 
reinforcing the importance of type-1 pili in the 
establishment of UTI, regardless of infection 
setting, geographic locale or patient 
demographic.45 Additionally, most CCs encoded 
pap-family genes indicating that these strains have 
the potential to cause upper UTI.46,47 Similarly, 
Ag43 was detected among the CCs of UPEC at 
the same prevalence rate reported elsewhere.16,48 
In view of its demonstrated roles in adhesion, 
auto-aggregation and biofilm formation,12,49 we 
postulate that Ag43 facilitates the long-term 
survival and persistence of UPEC as observed 
among CCs in our study.  

The importance of iron acquisition systems 
in UPEC’s establishment of UTI has been 
unequivocally demonstrated.50,51 In iron-limited 
environments such as the urinary tract, UPEC 
sequesters iron through synthesis and secretion of 
low molecular weight Fe3+-chelating siderophores 
and their associated receptors.52,53 Although 
present in certain Turkish patient groups, almost 
all Australian strains carried genes associated with 
iron acquisition. Similar prevalence rates have 
been reported in studies conducted among 
strains isolated from comparable Australian and 
Turkish UTI patient cohorts.18,21,54 Furthermore, 
genes encoding siderophore receptors, fyuA, and 
iutA, were encoded by most of identified CCs. 
Given the importance of iutA and fyuA in iron 
acquisition, we suggest that these genes are 
positively selected among the CCs to provide an 
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overall fitness advantage within the urinary 
tract.55 

Secreted toxins are also key virulence factors 
in various E. coli-mediated pathologies, including 
UTI 56. -hemolysin is arguably the most 
important of these and is produced by ~50% of 
UPEC strains causing pyelonephritis.56 In this 
study, hlyA was significantly more prevalent 
among Turkish adults with HA- and CA-UTI. 
Moreover, 50% of the CCs identified in this 
study encoded hlyA as part of their toxin 
repertoire. It is widely recognized that -
hemolysin contributes to host cell lysis, the 
liberation of iron and caspase-1/caspase-4-
dependent bladder cell exfoliation.57,58 -
hemolysin also has recognized roles in 
perturbation of innate host immune responses 
through inhibition of phagocyte effector 
functions, NF-ĸB signaling and IL-6 expression.59-

61 Together, the increased prevalence of -
hemolysin among CCs and CGs isolated from 
Turkish adults may reflect an increased demand 
for access to growth limiting nutrients and/or to 
subvert innate host immune responses. 

Polysaccharide capsules also contribute to the 
evasion of host immune defenses, providing 
resistance towards phagocytosis, complement-
mediated killing and molecular mimicry.62,63 
Here, genes encoding group II capsule 
biosynthesis were significantly more prevalent 
among strains isolated from Australian adults 
when compared to Turkish adults. While there is 
a paucity in data describing the prevalence of 
capsule synthesis genes among Australian CA-
UTI patients, higher prevalence rates of the genes 
kpsMT K1 and kpsMTII have consistently been 
reported among Australian HA-UTI patients 
when compared to Turkish HA-UTI 
patients.16,21,38 Capsule synthesis genes were also 
prominent among the CCs, with kpsMT K1 and 
kpsMT II genes encoded by 75% and 50% of 
these strains, respectively. Taken together, these 
findings suggest that capsule synthesis genes are 
positively selected among the CCs and UPEC 
strains isolated from Australian adults where they 
fulfil an increased need to subvert innate 
immune defense mechanisms.  

 

Conclusions 
In conclusion, this study has shown that 

UPEC strains causing UTIs throughout Turkey 
belong to highly diverse clonal groups 
predominated by the phylogroup D, whereas 
Australian UPEC belonged to a few distinct B2-
dominant clonal clusters. This may be attributed 
to the fact that Australian strains, particularly 
those isolated from children, had higher 
virulence potential than Turkish strains. 
Interestingly, we identified 12 identical UPEC 
clonal clusters causing UTIs among both Turkish 
and Australian patients with UTI of all ages 
throughout community and hospital settings. 
These clonal clusters frequently encoded VAGs 
associated with adhesion, iron acquisition, 
immune evasion and toxin production, which 
may have relevance to their ability to disseminate 
internationally to cause UTI. These strains were 
most prevalent in community infection settings, 
implying their colonization and circulation 
among otherwise healthy community members. If 
this is the case, our findings may have serious 
public health ramifications, particularly for 
individuals predisposed to UTI. 
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