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Background: Sequence type 1193 is a new such lineage among fluoroquinolone-resistant
Escherichia coli, which has risen dramatically within the last several years. However,
reasons for rapid emergence and successful spread of E£. coli ST1193 remain unclear. The
aim of this study was to compare the pathogenicity and survivability features of E. coli
ST1193 with global epidemic lineage, ST131.

Methods: A total of 30 E. coli were used in this study. Isolates were divided into two
groups, ST1193 (n=15) and ST131 (n=15). Adhesion and invasion to T24 cells and resistance
to serum were quantified and compared among two groups. Biofilm formation capacity was
assessed by crystal violet assay. Macrocolony formation was assessed on macrocolony
formation plates. Resistance to hydrogen peroxide was performed by broth microdilution.
RAW264.7 cells were used to assess the anti-phagocytic function of different isolates.
Results: Adhesion and invasion assays revealed that E. coli ST1193 could adhere and
invade T24 cells (p <0.05). 93.3% of E. coli ST1193 could form biofilms. The majority of
E. coli ST1193 (66.7%) possessed no curli/no cellulose on macrocolony formation plates.
E. coli ST1193 showed significant growth in serum and hydrogen peroxide and illustrated
higher anti-phagocytic function to RAW264.7 cells (p <0.05). Group analysis showed that
E. coli ST1193 was similar to ST131 in pathogenicity- and survivability-associated pheno-
typic characteristics (p >0.05).

Conclusion: Our study provided more insights into pathogenicity and survivability features
of E. coli ST1193, which was similar to ST131. Our study could be of great importance in
understanding the emergence of global spread E. coli ST1193. Strategic and continued
surveillance should be carried out to prevent the infections caused by E. coli ST1193.
Keywords: ST1193, ST131, pathogenicity, survivability

Introduction

Escherichia coli (E. coli) is usually found in the gut flora of humans and animals
and can cause many kinds of extraintestinal infections, such as septicemias, menin-
gitis and urinary tract infections.' E. coli is a bacterial species with high genetic
diversity.”> Multilocus sequence typing (MLST) was usually used for typing E. coli
due to its detection of the genetic relatedness among strains.** Meanwhile, MLST
has a high discriminatory capability to identify a specific lineage in various
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bacterial pathogens.>® Therefore, it was usually regarded
as a powerful tool for global and long-term surveillance.’

Many studies have reported that E. coli has a high
degree of diversity in multilocus sequence typing, such
as ST131, ST69, ST73 and ST95 and nearly half of clin-
ical isolates belong to those ST types.*'® Among them,
E. coli ST131 was currently recognized as one such pre-
dominant global epidemic clonal group and multidrug-
resistant lineage.'' A study based on E. coli ST131 has
proved that the enhanced pathogenicity and better survi-
vability in intestinal and extraintestinal sites contributed to
ST131 epidemiological success.'?

Recently, the proportion of E. coli ST1193 has risen
(FQ)

E. coli.>" E. coli ST1193 shares many common features

dramatically among fluoroquinolone-resistant
with ST131, including fluoroquinolone resistance, lactose
non-fermenting and phylogenetic group B2.'* Meanwhile,
E. coli ST1193 has conserved virulence gene profiles,
which suggested that this lineage has potential pathogeni-
city in human.'> However, reasons for the rapid emergence
and successful spread of E. coli ST1193 remain unclear.
This has taken widespread concern and deserves our atten-
tion to clarify the biological characteristics of this lineage.
The aim of this study was to compare the pathogenicity
and survivability features of FQ' E. coli ST1193 with
global epidemic ST131, which might help to understand
the factors of ST1193 epidemiological success.

Materials and Methods

Bacterial Isolates

A total of 30 E. coli isolates were used in this study and
were divided into two groups, group ST1193 (n=15) and
group ST131 (n=15). Those isolates were collected at
(Fuzhou,
Fujian province, China) between August 2014 and

Fujian Medical University Union Hospital

August 2015 which were reported in our previous
studies.'>!'® And those isolates were selected at random.

Pathogenicity-Associated Phenotypic Assays
Adhesion and Invasion Assay

The interaction of E. coli with the human bladder cancer
cells (T24 cells) (Anchorage-dependent cell, FHO171,
FuHeng Cell Center, Shanghai, China) was performed as
previously described.'” Briefly, for adhesion assay, T24
cells were grown in 24-well plates at 37°C in a CO,
incubator. The T24 cells were infected with different
strains at a multiplicity of infection (MOI) of 10 in

triplicates. After 3 hours of incubation, T24 cells were
washed with 1x phosphate-buffered saline (PBS) thrice
and lysed using 0.1% Triton X-100 (Beyotime Institute
of Biotechnology, China) for 10 minutes. The lysates were
collected and diluted serially. Then the diluted lysates
were plated on MH-ager plates. CFU counts were deter-
mined for all strains after incubated overnight at 37°C. E.
coli strain EC505 and E. coli DH5a were served as posi-
tive control and negative control.

For invasion assay, similar to adhesion assay, an addi-
tional step was carried out. The medium was replaced with
fresh medium containing 100 pg/mL of gentamicin
(Yeasen Biotech, China) which incubated for 1.5 hours to
kill all extracellular strains after 3 hours of incubation with
T24 cells. After incubation, the cells were washed with
IxPBS thrice and lysed using 0.1% Triton X-100 for 10
minutes. The lysates were collected and diluted serially.
The diluted lysates were then plated on MH-ager plates.
CFU counts were determined for all strains after incubated
overnight at 37°C. E.coli strain EC505 and E. coli DH5a
were served as positive control and negative control.

Biofilm Formation

Biofilm formation capacity was assessed in 96-well plates by
crystal violet assay as described previously and the optical
density was measured at 595 nm in ELISA reader (Thermo
Scientific, China).'® Each assay was repeated in three repli-
cates and the results were averaged. Medium alone served as
a negative control (ODc) and Enterococcus faecalis
(E. faecalis) ATCC 29,212 was used as positive control.'**
The degree of biofilm production was scored as follows:
absent (OD<ODc), weak (ODc<OD<1.5%0Dc), moderate
(1.5x0De<0D<2x0Dc) and strong (OD>2x ODc).'®

Macrocolony Formation

Five microliters of overnight cultures grown in LB broth
medium at 37°C were dropped on NaCl-free LB plates with
0.04% congo red (CR) (Solarbio, China) and 0.02% coo-
massie brilliant blue G (CB) (Solarbio, China). Plates were
incubated at 28°C for up to 5 days. The results were
recorded by a stereomicroscope (8mm, 66 Vision Tech
Co., Ltd, China) and classified into four categories: curli
+cellulose, curli only, cellulose only and no curli/no
cellulose.?' E. coli strains EC720 (curli +cellulose), E. coli
K-12 (curli only) and EC505 (cellulose only) were included
as positive controls. Strain EC700 (no curli/no cellulose)
was used as negative control. Strains EC720, EC505 and
EC700 were collected in our laboratory.
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Survivability-Associated Phenotypic
Assays

Serum Resistance Assay

Serum resistance assay was tested using 50% human serum
for a 3-hour incubation as a previous study.!” The growth in
the serum of isolate was detected as the total number of
CFU/mL recovered per well.'” E. coli strain EC505 and
E. coli DH5a were used as the positive and negative control.

Hydrogen Peroxide Resistance Assay

The hydrogen peroxide resistance assay was performed by
broth microdilution according to the Clinical and
Laboratory Standards Institute (CLSI, 2020) standards.*
The (AR, 7722-84-1, Wokai
Biotechnology Co., LTD, China) was used in this study

hydrogen peroxide

and stored according to the manufacturers’ instructions.
The results were observed in terms of MIC and MBC.?
E. coli ATCC 25,922 was used as quality control.

Anti-Phagocytic Function Assay

Anti-phagocytic function assay was performed as
described previously.”* The RAW264.7 cells (Anchorage-
dependent cell, FH0328, FuHeng Cell Center, Shanghai,
China) were used in this study. 2x10% CFU/mL RAW264.7
cells were incubated with 2x10°® CFU/mL bacterial at 37°
C for 1.5 hours. The RAW264.7 cells were infected with
different strains at a multiplicity of infection (MOI) of 10.
And trypan blue staining cell viability assay kit (Beyotime,
China) was used to determine the cell viability of
RAW264.7 cells. The phagocytosed E.coli presenting
the RAW264.7
a microscope by a person blinded to the experimental

inside cells were counted under
design. All experiments were repeated in three replicates.
The anti-phagocytosis rate (PR) was calculated as follow-
ing: PR = (total numbers of cells harbored the phagocy-
tosed E.coli in 200 RAW264.7 cells)/200x100%. E. coli
DH5a and E. coli ATCC 25,922 were used as negative and

positive controls, respectively.

Statistical Analysis

SAS 9.4 was used for statistical analysis. The chi-square
test or Fisher’s exact test (two-tailed) or Mann—Whitney
test was performed for data comparison. Only p <0.05 was
considered statistically significant.

Results
In this study, we explored the pathogenicity- and surviva-
bility-associated characteristics of FQ" E. coli ST1193, and

compared these phenotypic characteristics between ST1193
and pandemic ST131. Among them, adhesion capability,
invasion capability and biofilm formation capability were
used to assess the pathogenicity of strains. Serum resistance,
hydrogen peroxide resistance and anti-phagocytic function
were used to assess the survivability of strains.

Pathogenicity-Associated Phenotypic

Characteristics

Adhesion and Invasion Capabilities

E. coli ST1193 could adhere and invade the bladder epithe-
lial cell line T24 compared to E. coli DH5a (Figure 1,
p <0.05). The adhesion and invasion abilities of ST1193
were compared with pandemic ST131. The results showed
that E. coli group ST1193 was comparable with group
ST131 lacking any significant difference (Figure 1, p >0.05).

Biofilm Formation Capability

As quantified by crystal violet staining, we found 93.3% of
E. coli ST1193 could form biofilms. However, 66.7% of
E. coli ST1193 showed weak biofilm-forming ability. No
significant difference between two groups (E. coli ST1193
and ST131) was observed (p >0.05). The result of biofilm
formation is shown in Table 1.

Macrocolony Formation

To further explore the roles (curli and cellulose) of specific
matrix components in shaping biofilm architecture, macro-
colony formation assay was performed in E. coli ST1193
and ST131. The results of the positive and negative controls
and E. coli group ST1193 and group ST131 are shown in
Figure 2. The majority of E. coli ST1193 (66.7%) possessed
no curli/no cellulose. Compared to ST131, E. coli ST1193
exhibited a statistical difference in curli only (p <0.05). We
did not find a significant difference between these two
groups in cellulose curlit+cellulose, cellulose only and no
curli/no cellulose (p >0.05).

Survivability-Associated Phenotypic

Characteristics

Serum Resistance Assay

In our study, all strains were tested in 50% human serum
to investigate their capacity to resist the serum bactericidal
activity. E. coli ST1193 showed significant growth com-
pared to E. coli DH5a, (Figure 3A, p <0.05). Group ana-
lysis showed that E. coli group ST1193 had a similar
capability compared to group ST131 (p >0.05).
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Figure | Pathogenicity-associated characteristics of E. coli group ST 1193 and group STI31. (A) Adhesion capability on T24 bladder epithelial cells. (B) Invasion capability on

T24 bladder epithelial cells.
Notes: *p<0.05, **p<0.0| and ****p<0.0001 compared to negative control.
Abbreviations: E. coli, Escherichia coli; ST, sequence type.

Hydrogen Peroxide Resistance Assay

In this study, MIC of hydrogen peroxide for all E. coli
group ST1193 was 16 pg/mL or higher and MBC of
hydrogen peroxide for 46.7% of ST1193 strains was 32
pg/mL or higher. E. coli ATCC 25,922 had a MIC of 8 ug/
mL and an MBC of 8 ug/mL, respectively. Both MIC and
MBC results showed a significant difference (p <0.05)
compared to E. coli ATCC 25,922. No significant differ-
ence in susceptibility was observed between the mean
hydrogen peroxide resistance of E. coli group ST1193
and group ST131 at MIC level (Figure 3B) and MBC
level (Figure 3C).

Anti-Phagocytic Function Assay
The results of anti-phagocytic function assay are shown in
Figure 3D. The levels of phagocytic activity in the

RAW264.7 cells against the E. coli ST1193 were

Table | Prevalence of Biofilm Formation Among Different E. coli

Isolates
ST Type No. (%) of E. coli Isolates with Biofilm
Formation Ability
Strong Moderate | Weak Absent
STI193 (n=15) | | (6.7%) 3 (20.0%) 10 (66.7%) | | (6.7%)
STI31 (n=15) 2 (133%) | 2(13.3%) Il (73.4%) | 0 (0%)
E. faecalis | (100.0%) | / / /
ATCC 29212*
Medium alone | / / / |
(ODq)® (100.0%)

Notes: *Positive control; bNegative control.
Abbreviations: E. coli, Escherichia coli; ST, sequence type; E. faecalis, Enterococcus
faecalis.

than F. DH5a (p <0.05).
Meanwhile, E. coli group ST1193 had no significant dif-

statistically lower coli
ference in anti-phagocytic function compared to group

STI31 (p >0.05).

Discussion

E. coli ST1193 has risen dramatically in the last decade and
has made a significant contribution to the population of FQ"
E.coli around the world."*'* E. coli ST1193 exhibits a large
diversity of virulence gene profiles, indicating that ST1193
harbors potential pathogenicity.'> The epidemiological suc-
cess of this bacteria is associated with its enhanced patho-
genicity and better survivability of strains. In this study, we
performed comparative analysis of pathogenicity- and survi-
vability-associated characteristics in E. coli ST1193 and
pandemic ST131 clones, which could provide new support
for the epidemiological success of ST1193.

Firstly, we assessed the pathogenicity-associated char-
acteristics of E. coli ST1193 and pandemic ST131, includ-
ing adhesion capability, invasion capability and biofilm
formation capacity. Adhesion and invasion capabilities
seemed to be necessary for bacterial persistence and
pathogenesis.”® Effective cellular adhesion and followed
by invasion played a key role in the pathogenicity of
strains.”® In our study, E. coli ST1193 exhibited strong
adhesion and invasion ability to the human bladder cancer
cells (Figure 1), which indicated that ST1193 could effi-
ciently colonize and subsequently establish infections
when they entered into the tissue sites of humans. These
findings might prove the evidence to the fact that FE.
coliST1193 serious urinary tract

usually  causes
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Figure 2 Macrocolonies of E. coli group ST1193 and group ST131. (A) 5-day-old macrocolonies of positive controls and negative control on macrocolony formation plates
based on the presence and/or absence of curli and cellulose. (B) Curli and cellulose production distribution of E. coli ST1193 and ST131 isolates.

Abbreviations: E. coli, Escherichia coli; ST, sequence type.

infections.'> It should be noted that better adhesion and
invasion capabilities of E. coli ST1193 might be important
for its dissemination. One significant finding in our study
was that E. coli ST1193 exhibited similar adhesion and
invasion abilities compared to pandemic ST131 (Figure 1,
p >0.05). Thus, we supposed that those capabilities might
ST1193
Additionally, the genes associated with adherence and

contribute  to epidemiological  success.
invasion, such as ibed and ibeB, were usually found in
E. coli ST131 genomes.'” However, there are no reports
regarding those genes in E. coli ST1193. Future studies
need to be carried out to investigate this situation in E. coli
ST1193.

Biofilm formation ability of bacteria is related with
causing infections.”” Furthermore, bacteria in biofilm
become tolerant and resistant to antibiotics, increasing
the difficulties for the clinical treatment of microbial infec-
tions as the antimicrobial was hard to penetrate the
biofilm.® In our study, we found that most of E. coli
ST1193 could form biofilms, which was similar to pre-
vious study.?’ These findings suggested that refractory
infections caused by E. coli ST1193 were related to its
biofilm formation ability. Moreover, E. coli ST1193 and

ST131 showed no significant difference in their specific
biofilm-forming capacities (p >0.05), demonstrating simi-
lar pathogenicity in terms of their biofilm forming cap-
ability between the two groups. To further elucidate the
roles of specific matrix components (curil and cellulose) in
shaping biofilm architecture, we performed phenotypic
macrocolony formation assay for those two groups
(Figure 2). Curli promotes biofilm adhesion to abiotic
surfaces or cells and contributes to persistence in hosts.*’
Cellulose promotes delayed bacterial clearance.’’ We
found that the majority of E. coli ST1193 and STI131
possessed no curli/no cellulose in this study. This finding
was different from a previous study, which might be due to
regional disparity.*? Interestingly, E. coli ST1193 exhibited
a statistical difference in curli only when compares to
ST131 (p <0.05). Our results suggested that curli expres-
sion may increase the virulence of E. coli ST1193 by the
participation of biofilm formation. Furthermore, whether
the specific matrix component (curli) is a feature of E. coli
ST1193 should be further investigated in the future.
Better survivability of strains was connected with its
epidemiological success. Resistance to the bactericidal
effect of serum and anti-phagocytic function were
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Figure 3 Survivability-associated characteristics of E. coli group ST1193 and group STI31. (A) Resistance to serum bactericidal activity against 50% human serum. (B)
Resistance to hydrogen peroxide at MIC level. (C) Resistance to hydrogen peroxide at MBC level. (D) Anti-phagocytic activity to RAW264.7 cells.

Notes: *p<0.05, **p<0.0] and ***p<0.0001 compared to negative control.

Abbreviations: E. coli, Escherichia coli; ST, sequence type. MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration.

recognized as important survivability determinants
in vivo for bacteria.'”** Additionally, hydrogen peroxide
is usually used as cleaning and disinfecting agents for
controlling the growth of or killing bacteria in vitro.>* In
this study, we found that E. coli ST1193 showed signifi-
cant growth in serum and illustrated higher anti-
phagocytic function (Figure 3, p <0.05). Serum resistance
is one of the major survival mechanisms adopted by
pathogenic E. coli to survive in the bloodstream of the
host.'” Our study indicated that E. coli ST1193 has the
potential to cause bloodstream infection and subsequently
lead to

a significant role in the pathogenesis in extraintestinal

septicemia. Anti-phagocytic function plays
infections.*> Enhanced anti-phagocytic function might
protect the E. coli ST1193 strains from phagocytosis and
promote them survival in vivo which conduced to cause

infections. In addition, capsule, lipopolysaccharide, man-
nose receptor, ClpX protease and carnitine metabolism
have been demonstrated to mediate anti-phagocytosis in
bacteria cells and phagocyte.**>® However, the specific
factors of anti-phagocytosis function in E. coli ST1193
are unclear up to now and they need to be explored in the
future. These results demonstrated that E. coli ST1193
could be resistant to immediate bactericidal effect of
human immune system, then causing infections promptly.
Furthermore, resistance to biocides seemed to be linked to
incidence of bacterial infections in hospitals.®> E. coli
ST1193 showed significant growth in hydrogen peroxide
(Figure 3, p <0.05) in our study, suggesting that hydrogen
peroxide resistance might be a contributory factor in the
incidence of E. coli ST1193 infections. Moreover, E. coli
ST1193 and ST131 were indistinguishable in terms of
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survivability-associated phenotypic characteristics. These
results suggested E. coli ST1193 had similar survivability
to predominant global epidemic clonal groups, ST131.

There are several limitations to our study. First, we
have investigated the biofilm formation ability of E.coli
ST1193 and ST131 lineages in this study. The majority of
isolates E. coli ST1193 (66.7%) and ST131 (73.4%) pre-
sented weak biofilm formation ability. Similar results were
found in previous study about £. coli ST131 linage, indi-
cating that weak biofilm formation ability might be
a feature of ST1193 and ST131 lineages.® However, it is
unclear whether the phenotype features of their biofilm
formation ability were sufficient for its participation in
the infection process and its refraction based on current
experiments in this study. Second, we did not perform
further experiments to verify the bacterial survival in
RAW 264.7 cells which may help to understand the patho-
genesis in vivo. Future study will be carried out to assess
them.

Conclusions

Our study provided more insights into pathogenicity and
survivability features of E. coli ST1193, which was similar
to global epidemic lineages, ST131. Our report could be of
great importance in understanding the emergence of global
spread ST1193. This study rendered much needed support
and reinforcement to the observations of virulence gene
profiles among E. coli ST1193. Strategic and continued
surveillance should be carried out to prevent the infections
caused by E. coli ST1193.

Abbreviations

MLST, multilocus sequence typing; ST, sequence type;
MIC, minimum inhibitory concentration; MBC, minimum
bactericidal concentration; PR, anti-phagocytosis rate.
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