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Abstract The aim of the study was to investigate whether
there are unique pathotypes of Escherichia coli capable of
transmission from the gastrointestinal tract to the vascular
bed. The study included E. coli strains isolated from clinical
materials collected from 115 patients suffering from
haematologic malignancies diagnosed with bacteraemia. The
genotyping techniques established that 89 E. coli isolates from
the blood had the same genotype as the E. coli from the pa-
tient’s bowel. The presence of 21 genes encoding virulence
factors typical of various E. coli pathotypes and their relation-
ship with the phylogenetic group was established. One-
dimensional analysis showed that the focG gene occurred
more frequently in the control bowel group, while the
ampicillin-resistant afa/dr E. coli were associated with
bacteraemia. Blood isolates with the highest occurrence of
virulence factors belonged to pathogenic group B2 and non-
pathogenic group A. The co-occurrence of multiple genes
encoding papC, sfa, usp and cnfl virulence factors probably
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predisposes E. coli to translocation from the gastrointestinal
tract to the vascular bed in the group of patients with
haematologic malignancies. Based on clustering analysis,
dominance of the most virulent strains assigned to the cluster
with seven virulence factors encoded by the following genes,
papC, sfaD/E, cnfl, usp, agn43, hlyA and iutA, was found.
The obtained results enforce the previously proposed concept
of bowel-blood translocation and further expand our hypoth-
esis by defining the unique virulence characteristics of E. coli
isolates, which predispose them to bowel colonisation or
translocation and bacteraemia in this group of patients.

Introduction

Patients with proliferative disorders of the haematopoietic sys-
tem are at a higher risk of developing bacteraecmia and
septicaemia [1-6]. Although the underlying mechanisms of
bacteraemia are under-investigated, it is considered that both
the primary disease and the treatment may contribute to the
bacteraemia. The source of dissemination of bacteria is usual-
ly an extra-intestinal infection, such as respiratory, urinary
tract or wound [2]. This is particularly observed in patients
after the transplant of haematopoietic stem cells, when immu-
nity is severely impaired and/or following cytostatic and im-
munosuppressive treatment. Research conducted in this group
of patients has shown a growing number of bloodstream in-
fections with Gram-negative rods, where Escherichia coli was
the dominant aetiologic factor for bacteraemia and
septicaemia. Mortality in patients with documented E. coli
bacteraemia is high; depending on the research centre, it
may reach even 37 % [3-5, 7-9].
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We have recently reported a previously unrecognised
mechanism of recurrent bacteraemia in patients with
leukaemic malignancy [10]. Our study indicated that, in
70 % of patients, the bowel was the primary source of the
pathogen which led to a new bacteraemic episode. The iden-
tical DNA fingerprints of E. coli from the bowel and blood in
the absence another source of infection was consistent with
interpretation that the recurrent bacteraemia occurred due to
direct translocation of E. coli present in the bowel to the blood
system.

It is considered that patients with haematologic malignan-
cies display a varying degree of immune and intestinal barrier
dysfunction [11-13]. Therefore, the significant question that
remains to be addressed is whether the E. coli bowel to blood
translocation in patients with malignant diseases occurs with a
random commensal/coloniser, consistent with immune/
intestine dysfunction, or with E. coli that carry specific viru-
lence factors. In this instance, virulence factors would facili-
tate E. coli bowel mucosa translocation and invasion to the
blood system. This question is highly relevant because the
generated knowledge would allow us to design specific pre-
ventive strategies and reduce patient mortality due to E. coli
bacteraemia.

E. coli pathogenesis is mediated by a broad spectrum of
virulence factors specific to enteric/gastrointestinal/diarrhoeal
pathogens (enterotoxins) or to extraintestinal . coli (EXPEC)
pathogens [14—17]. Only 10-20 % of healthy people carry
EXPEC strains that stably colonise the host’s intestines [18].
ExXPEC virulence is mediated by adhesins, invasins, toxins,
polysaccharide coatings, siderophores and other factors
targeting immune cells in the blood. Such virulence factors
help to colonise the surfaces of host cells, avoid and/or abolish
the host defence mechanism, damage and/or enter host cells or
tissues, including blood components, and provoke a harmful
immune response, which increases the risk of a disease.

The present study was conducted on a previously untested
patient population. E. coli isolates from the blood and stool of
patients with malignant diseases of the blood system were
tested by DNA fingerprinting combined with a polymerase
chain reaction (PCR) analysis of E. coli virulence factors.
The obtained results enforce the previously proposed concept
of bowel-blood translocation and further expand our hypoth-
esis by defining the unique virulence characteristics of E. coli
isolates which predispose them to bowel colonisation or trans-
location and bacteraemia in this group of patients.

Materials and methods
Bacterial strains and microbiological procedures

The study involved 115 patients treated for haematologic ma-
lignancies in the Department of Haematology and
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Transplantation at the University Clinical Center, in the years
2006-2012. The clinical analysis was retrospective in nature,
and all clinical data were obtained from medical records. The
median age of the patients was 49.8 years (range; 19-84 years)
and 62 were male. The most common underlying
haematologic malignancy was acute myelogenous leukaemia,
observed in 59 patients. Eighteen patients underwent lympho-
cytic leukaemia, 11 non-Hodgkin’s lymphomas and 17 multi-
ple myeloma. The basis for the selection of E. coli blood
isolates for the investigation were clinically and microbiolog-
ically confirmed bacteraemia with E. coli aetiology, isolation
of bacteria from blood samples, with the simultaneous isola-
tion of the microorganism from the stool or anal swab. Pa-
tients were selected for which the result of the urine culture
was negative [<1,000 colony-forming units (CFU)/mL] and
for which there was no alternative primary site of infection.
Out of the 115 patients with bacteraemia gathered, the collec-
tion included a total of 1,411 E. coli isolates: on average, each
patient is represented by one blood isolate and up to ten bowel
E. coli isolates. In the design of the study, we adopted the
following principle: after taking into account differences in
the macroscopic assessment of bacterial colony morphology,
only different E. coli isolates were included, usually one blood
and three or more different bowel isolates. As described be-
low, E. coli isolates from patients with bacteraemia were ge-
notyped and divided into two study groups: group 1, E. coli
isolates from the blood, which had a counterpart isolate in the
bowel that was identical to the blood DNA fingerprint
(blood+/bowel+), and control group 2 comprising the remain-
ing bowel isolates with DNA fingerprints that were different
to those in blood and represented E. coli isolates which
persisted in the bowel but, presumably, were not able to trans-
locate from the bowel to blood (blood—/bowel+).

The study of the biochemical characteristics for the 1,411
isolates of E. coli were performed on the basis of 42 freeze-
dried substrates in panel MicroScan® Rapid Negative ID Type
4, read with the help of automated WalkAway SI used for
species identification and susceptibility testing of microorgan-
isms, using microanalysis technology for the rapid identifica-
tion of fluorochromes (MicroScan Rapid Fluorogenic Identi-
fication). In all cases, the correctness of E. coli identification
was 99.99 %.

Genotyping by PCR MP and PFGE methods

Genomic DNA was isolated from individual bacterial colonies
using a commercial kit (Genomic DNA Kit, ISOLATE 11
Bioline). The polymerase chain reaction melting profiles
(PCR MP) procedure was carried out according to the method
described for E. coli isolates by Krawczyk et al. [19]. Rela-
tionships between strains from blood and the gastrointestinal
tract were also confirmed by studying the pulsed-field electro-
phoresis (PFGE) patterns of genomic DNA after restriction by
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Xbal according the CHEF Mapper® XA Bio-Rad manual
protocol.

Determination of E. coli phylogenetic group (phylogroup)

The membership to a phylogenetic group of each E. coli strain
was studied according to Clermont et al.’s method based on
multiplex PCR using three pairs of primers [20].

PCR screening of virulence genes

The three multiplex PCRs were validated for 12 virulence
genes as a home-made test and one commercial multiplex
PCR test for seven virulence genes. Next to this, two genes
were separately amplified as a simplex. In cases of doubt, the
multiplex PCR experiments were repeated in a simplex PCR
system. Details of the primer sequences and predicted sizes of
the amplified products have been described previously
[14-16, 21-29]. Primers for each virulence factor were first
validated individually by the use of template DNA from ap-
propriate positive and negative control strains. The virulence
factors characteristic mainly for the uropathogenic strains
(UPEC) were included in multiplex PCR system I: P fimbriae
assembly outer membrane usher (papC gene), S fimbriae
(sfaD/E gene), type 1 fimbriae (fimG/H gene), cytotoxic
necrotising factor 1 (cnfl gene), uropathogen-specific protein
Usp (usp gene), haemolysin toxin protein (h/y4 gene). Reac-
tions were carried out according to Adamus-Biatek et al. [21].
In a separate PCR assay, the presence of Dr fimbriae (draC—
D) was tested [27].

In multiplex PCR system II, the sequence of three fragment
genes, kspMTII [23] (synthesis capsule, group II), iha [28]
(enterobactin Tha-iron-regulated gene homologue adhesion)
and focG [24, 28] (F1C fimbriae), were amplified. In multi-
plex PCR system III, the sequence of three fragment genes,
iutA [25] (aerobactin receptor), fiud [26] (yersiniabactin re-
ceptor) and ibeA [23, 24] (invasion of brain endothelium A),
were amplified.

For the detection of virulence genes typical for
diarrhoeagenic E. coli (DEC), the commercial DEC PCR Kit
(Statens Serum Institute, Denmark) was used. In this multi-
plex PCR system IV, the detection of vix/ and vex2
(verocytotoxin strains, VTEC), eae (EPEC strains), elt4, estA-
human or estA-porcine (ETEC strains), and ipaH (EIEC
strains) were included. An agn43 gene was detected by sim-
plex PCR according to Kotlowski et al. [29].

Statistical analysis

Data were statistically analysed using the Microsoft Excel
2007 program. Statistical testing was done using the SPSS
Statistics 19 program. In order to select the characteristics of
E. coli strains that predispose to translocation from the

gastrointestinal tract into the blood, we performed a Chi-
square analysis. p-Values less than 0.05 were considered to
be significant. Cluster analysis was performed using the k-
means method (QUICK CLUSTER).

Results
Genotyping

The study group included a collection of E. coli isolates ob-
tained from clinical materials from a group of 115 adult pa-
tients with blood malignancy with microbiologically and clin-
ically documented E. coli bacteraemia. On the basis of the
genotyping results, E. coli isolates were divided into two
groups: group 1, 89 E. coli isolates from the blood which
had a counterpart isolate in the bowel that was identical to
the blood DNA fingerprint (blood+/bowel+) and control
group 2 comprising the remaining 146 E. coli bowel isolates
with DNA fingerprints that were different to those in blood
and represented E. coli isolates in the bowel but absent in
blood: presumably, E. coli isolates of group 2 were not able
to translocate from the bowel to blood (blood—/bowel+). The
remaining 50 isolates from blood, for which the genotypes
were not found among isolates from the bowel (blood+/bow-
el-), were excluded from this evaluation. We consider that
these 50 isolates originated either from an unknown extrain-
testinal source or were underrepresented among the bowel
isolates. Strains of blood+/bowel+ and blood—/bowel+ as a
control group were further analysed.

Prevalence of virulence factor genes

The unidirectional analysis of PCR-based detection of genes
encoding the examined E. coli virulence factors (Table 1) in-
dicates that only the afa/dr region predominated in blood iso-
lates; 16 % of strains from blood vs. 5 % in the control bowel
group (p=0.009). In contrast, the focG gene (encoding F1C
fimbriae) was more often identified among control bowel
colonisers (p-value=0.001); 36 % of the control blood—/bow-
el+ group strains vs. 17 % of the blood+/bowel+ isolates; note
that all blood isolates with corresponding colon isolates
displayed identical virulence patterns.

No genes encoding virulence factors characteristic of
DEC were detected in the PCR reactions in tested blood
isolates (data not shown). The lack of these virulence
factors was also confirmed by serological tests conduct-
ed (data not shown). An intriguing possibility exists that
F1C fimbriae could enhance bowel colonisation, while
invasion coding afa/dr could contribute to translocation
to the bloodstream.
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Table 1  Unidirectional analysis of polymerase chain reaction (PCR)-
based detection of genes encoding the examined Escherichia coli
virulence factors

Virulence  Blood+/bowel+ Blood—/bowel+ p-Value
factor® group (n=89) group (n=146)
n % % on % %

afaldr 14 16 64 8 5 36 0.009
SfimG/H 59 66 39 91 62 61 0.540
sfa 47 53 42 66 45 58 0.258
papC 45 51 44 57 39 56 0.084
hiyA 28 31 42 38 26 58 0.369
usp 43 48 36 76 52 64 0.578
enfl 44 49 39 69 47 61 0.746
SuAd 57 64 38 92 63 62 0.874
iutA 67 75 39 104 71 61 0.499
ibed 26 29 30 61 42 70 0.053
iha 37 42 41 53 36 59 0.420
focG 15 17 22 53 36 78 0.001
kspMTII 33 37 43 44 30 57 0.271
agn43 72 81 40 107 73 60 0.184

 afa/dr Dr fimbriae (afa/draB-C); fimG/H type 1 fimbriae (fimG/fimH),
sfa S fimbriae (sfaD/sfaF); papC P fimbriae; hlyA haemolysin; usp-
bacteriocin Usp; cnf] cytotoxic necrotising factor; fyuA yersiniabactin
receptor; iut4 aerobactin receptor; ibe4 invasive protein; tha enterobactin
(siderophore receptor and adherence factor); focG F1C fimbriae; kspMTII
protein responsible for capsule formation; agn43 adhesin 43 (biofilm
formation)

® Percent within the group of isolates

¢ Percent within the virulence factor

Multidimensional analysis of the occurrence of virulence
factors (co-occurrence)

As our previous report [30] indicated that the translocation to
blood may be increased by the presence of Dr adhesins to-
gether with P fimbriae in patients with urosepsis, we evaluated
the relationship between multiple virulence factors and trans-
location in patients with haematologic malignancies. As
shown in Table 2, the following pairs of genes, hlyA + iutA,
agn43 + papC, focG + fimG, kspMTII + agn43, cnfl + papC,
enfl + sfa, usp + papC, usp + sfa, iutA + agn43, were present
at a higher frequency among blood+/bowel+ isolates, in par-
ticular, the cnf1 + papC and usp + papC pairs, for which the p-
values were 0.009 and 0.001, respectively. The co-occurrence
of ibeA + iut4 genes was more frequently observed for isolates
from the control blood—/bowel+ group.

We then further evaluated the relationship between multi-
ple virulence genes and translocation. Based on the co-
occurrence of four virulence factors, papC, sfa, usp and
enfl, 16 profiles of co-occurrence were distinguished in each
tested group of strains (Fig. 1). It was observed that profile 16
(all four factors positive) was the only one that was
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Table 2 Two-dimensional analysis of the coexistence of two genes
encoding virulence factors among the investigated E. coli isolates:
statistically important results for the discrimination of two groups of
strains

Virulence Blood+/bowel+ Blood—/bowel+ p-Value
factor® group (n=89) group (n=146)
n %" n %"

hiyA + iutA 25 28 26 18 0.046
agn43 + papC 39 44 41 28 0.036
JocG + fimG/H 14 16 36 25 0.049
ibeA + iutA 20 22 57 39 0.027
kspMTII + agn43 30 34 32 22 0.046
enfl + papC 29 33 28 19 0.009
enfl + sfa 39 44 50 34 0.040
usp + papC 32 36 32 22 0.001
usp + sfa 35 39 48 33 0.037
iutd + agn43 58 65 74 51 0.019

Virulence factor names as in the legend of Table 1

® Percent within the group of isolates

significantly more frequent in the blood+/bowel+ than in the
blood—/bowel+ isolates groups (27 and 15 %, respectively).
The co-occurrence of multiple genes encoding virulence fac-
tors, papC, sfa, usp and cnf1, among blood-+/bowel+ probably
predisposes E. coli to translocation from the gastrointestinal
tract to the blood system in the group of patients with
haematologic malignancies.

The two most numerous profiles, 1 and 16, were also
analysed for the co-occurrence of additional virulence factors
(Table 3). Statistically significant differences were shown for
the co-occurrence of fimG/H and hlyA (p=0.007 and p<0.001,
respectively).

Profile 1 was characterised by a higher occurrence of the
fimG/H gene among blood isolates (blood+/bowel+ group) as
compared to the blood—/bowel+ group, which was treated as the
control (83 and 42 %, respectively). On the other hand, profile 1
showed negligible presence of the 4ly4 gene, in contrast to
profile 16 (blood+/bowel+ group, 58 %; blood—/bowel+ group,
82 %). In profile 16, the fimG/H gene occurred at an equally
high level, regardless of the group (blood+/bowel+, 75 %; blood
—/bowel+ group, 73 %). In contrast, the hly4 gene in profile 16
was less frequent in blood than in the control bowel group
(blood+/bowel+ group, 58 %; blood—/bowel+ group, 82 %).

To confirm the significance of the selected virulence factors
based on multidimensional analyses for strains isolated from
blood, cluster analysis using the k-means method (QUICK
CLUSTER) was performed. Six clusters were created for
eight virulence factors (Table 4) and the number of observa-
tions was specified for each cluster. Based on clustering anal-
ysis within the specified group, dominance of the most viru-
lent strains assigned to the cluster with seven virulence factors
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Fig. 1 Image analysis of co-
occurrence of virulence factors
papC, sfa, usp and cnf1 presented
in the form of a dichotomic key.
The white rectangles indicate the
absence of gene encoding
virulence factors and the black
rectangles indicate the presence
of gene encoding virulence
factors

blood+/bowel+

sfa31%

encoded by the following genes, papC, sfaD/E, cnfl, usp,
agn43, hly4 and iutA, was found (cluster 2 in Table 4). This
observation is consistent with the interpretation that dominant
cluster 2 from blood+/bowel+ carried the most virulence fac-
tors and, therefore, was best equipped to translocate to the
blood system. One concern remains that the analysis of pro-
files 1 and 16 in Fig. 1 and Table 3 suggested a surprising
observation that type 1 adhesin contributed to bacteraemia
while haemolysin did not. We consider that an unexpected
lack of association of Hly with virulence resulted from the
altered phylogenetic distribution.

Table 3 Summary of the percentage of co-occurrence of other
virulence factors for groups blood+/bowel+and blood—/bowel+ and
profiles 1 and 16

Virulence Blood+/bowel+ group ~ Blood—/bowel+ group  p-Value
factor®

Profile 1 ~ Profile 16  Profile 1  Profile 16

(n=23), (n=24), (n=31), (n=22),

n/% n/% nl% n/%
SfimG/H 19/83 18/75 13/42 16/73 0.007
hiyA 1/4 14/58 173 18/82 0.001
SyuA 13/57 16/67 16/52 18/82 0.132
iutA 16/70 17/71 25/81 17/77 0.760
ibed 9/39 7/29 19/61 11/50 0.100
iha 13/57 9/38 15/48 10/45 0.625
JocG 417 5/21 13/42 9/41 0.117
kspMTIT ~ 7/30 12/50 11/35 8/36 0.545

#Virulence factor names as in the legend of Table 1

P1 blood-/bowel+

usp 24%

pap 39%

Phylogenetic grouping

For isolates from the blood-+/bowel+ group, four phylogenetic
groups were identified: group A, 14 (16 %); group B1, 27
(30 %); group B2, 40 (45 %); and group D, 8 (9 %). The
results were referred to the control group (blood—/bowel+),
where affiliation to group A [30 (21 %)], group Bl [41
(34 %)], group B2 [59 (40 %)] and group D [8 (5 %)] was
found. The affiliation to phylogenetic group proved to be sta-
tistically insignificant (p-value=0.545). The majority of
strains, regardless of the isolation source, belonged to phylo-
genetic group B2, which is considered to be pathogenic. A
relatively large number of strains belonged to phylogenetic
group B1, classified as physiological microflora in the

Table4  Cluster analysis of E. coli strains of the blood+/bowel+ group.
Six clusters with various profiles of eight virulence factors: papC, sfaD/E,
usp, cnfl, agn43, hlyA, iutA and ibeA

Clusters® n %
1 16 18
2 33 37
3 10 11
4 1

5 4 4

6 25 28

# 1: no virulence factors; 2: papC, sfaD/E, usp, cnfl, agn43, hlyA, iutd; 3:
sfaD/E, usp, cnfl, agn43; 4: papC, sfaD/E, cnfl, ibeA; 5: papC, agn43,
hlyA, iutA, ibeA; 6: agn43, iut4
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gastrointestinal tract. We consider that group A and B1 isolates
could migrate to the circulatory system in this group of patients,
due to damaged intestinal mucosa caused by therapy with cy-
tostatic medication, ionising radiation and broad-spectrum an-
tibiotics. However, this suggestion requires further verification
for the occurrence of virulence factors (see below).

At the same time, an analysis of phylogenetic affinity was
performed for profiles 1 and 16 of both groups (Table 5).
Regardless of the strain origin, phylogroup B1 was the most
numerous for profile 1 (low frequency of virulence factors),
while phylogroup B2 occurred in the greatest numbers for
profile 16 (high frequency of virulence factors). In addition,
for strains isolated from blood (blood+/bowel+ group) be-
longing to profile 16, there was a much higher percentage of
strains from phylogenetic group A (29 %) as compared to
profile 16 of the control group (18 %). It was shown that the
four groups of strains are statistically significantly different
due to the phylogenetic groups distribution (»p=0.033). The
p-value was calculated for strains divided into four groups
(n=100) and phylogenetic groups (rows) (Table 5).

Virulence factors and the phylogenetic group

Table 6 presents the analysis of the virulence factor profiles
among the phylogenetic groups of E. coli strains isolated from
blood (blood+/bowel+ group). Consistent with the predicted
virulence of group B2, the occurrence of the sfa, hlyA, cnfl
and fyud genes (p=0.010; p<0.001, p=0.009 and p=0.013,
respectively) was statistically significant in phylogenetic
group B2. It was observed that no focG and hlyA genes oc-
curred in strains belonging to phylogenetic group D. Interest-
ingly, commensal group A showed a high frequency of several
virulence genes as fimG/H, papC, sfa and usp, while Bl
showed a very low frequency of #lyA. When the results ob-
tained for the blood+/bowel+ group of strains are compared
with the data obtained for the control blood—/bowel+ group
(Table 7), it can be observed that virulence factors were dis-
tributed among phylogenetic groups evenly, with no statisti-
cally dominant virulence factors. An exception was the ibeA
gene characteristic of isolates from the control group of

Table 5 Summary of the percentage of phylogenetic groups for groups
blood+/bowel+ and blood—/bowel+ and profiles 1 and 16

Phylogenetic Blood+/bowel+ group Blood—/bowel+ group

group
Profile 1 Profile 16 Profile 1 Profile 16
(n=23), n/% (n=24), n/% (n=31),n/% (n=22), n/%

A 3/13 7/29 6/19 4/18

Bl 11/48 3/13 15/48 4/18

B2 7/30 11/46 9/29 14/64

D 2/9 3/13 1/3 0/0

@ Springer

phylogenetic group B1 (53 %, p-value=0.049). Overall, these
observations support the explanation that, in patients with
haematologic malignancies, virulence factors appear to spread
among commensal E. coli within the patient bowel.

Drug resistance profile

An assessment of the antibiotic resistance profile was per-
formed for pairs of strains from the blood and the gastrointes-
tinal tract (n=89) in the sensitive/resistant categories and min-
imum inhibitory concentration (MIC) values testing. On the
basis of the results obtained, it can be concluded that the tested
strains were sensitive to the majority of the selected antibi-
otics. For 11 antibiotics (piperacillin, piperacillin with tazo-
bactam, cefuroxime, cefotaxime, ceftazidime, cefepime,
imipenem, ertapenem, amikacin, gentamicin and netilmicin),
over 90 % of the tested strains were found to be sensitive. The
largest percentage of resistant strains was observed for ampi-
cillin (44 %), ciprofloxacin and norfloxacin (35 % each). It
was interesting that all 22 strains with the afa/dr virulence
factor gene isolated from both groups were ampicillin resis-
tant. Due to the low frequency of multidrug-resistant strains
among the tested isolates, it can be inferred that these are not
strains of hospital origin. On the other hand, the association of
Dr adhesins with resistance to ampicillin appears to be an
independent risk factor for bacteraemia.

Discussion

Here, we present findings which re-enforce the recently pro-
posed concept that, in patients with haematologic malignancies,
the bowel is a main source of direct E. coli bowel-blood trans-
location and resulting bacteraemia [10]. We further expand our
hypothesis by defining the virulence characteristics of E. coli
bowel-blood colonisers and provided evidence that bowel col-
onisation and risk of translocation and bacteraemia in this group
of patients was associated with E. coli bearing genes encoding
specific sets of colonisation/invasion/toxic factors.

Genotyping analysis of E. coli among 115 patients suffering
from haematologic malignancies, in whom bacteraemia was di-
agnosed, was performed. E. coli isolates with the same genotype
in the blood and the bowel were found in the majority of patients
and were not detected in only 31 patients. 64 % (n=89) of iso-
lates from the blood found their counterparts in the bowel
(blood-+/bowel+). The findings are consistent with our previous
report that, in patients with haematologic malignancies, in the
absence of extraintestinal and gastrointestinal source of infection,
the bowel remains the most likely source of E. coli direct trans-
location to the bloodstream [10]. We further investigated an un-
resolved question regarding whether E. coli bowel to blood trans-
location in patients with malignant diseases occurs with a random
commensal/coloniser or with E. coli that carry specific virulence


http://mostwiedzy.pl

Downloaded from mostwiedzy.pl

AN\ MOST

Eur J Clin Microbiol Infect Dis (2015) 34:1135-1143 1141

Table 6  Analysis of the virulence factor profiles among the phylogenetic groups of E. coli strains of the blood+/bowel+ group

Virulence factor® Phylogenetic group p-Value

A (n=14) B1 (n=27) B2 (n=40) D (n=38)

n %> %° n % %° n %> %° n %> %°
afaldr 3 21 21 6 43 22 4 29 10 1 13 0.521
fim 13 22 93 17 29 63 242 41 60 5 63 0.150
sfa 9 19 64 7 15 26 26 55 65 5 11 63 0.010
papG 10 22 71 9 20 33 22 49 55 4 9 50 0.114
hlyA 7 25 50 2 7 7 19 68 48 0 0 0 0.000
usp 9 21 64 11 26 41 19 44 48 4 9 50 0.558
enf 8 18 57 6 14 22 25 57 63 5 11 63 0.009
fruA 7 12 50 13 23 48 33 58 83 4 7 50 0.013
iutA 9 13 64 19 28 70 32 48 80 7 10 88 0.497
ibeA 4 15 29 8 31 30 11 42 28 3 12 38 0.955
iha 6 16 43 8 22 30 20 54 50 3 8 38 0.420
focG 3 20 21 5 33 19 7 47 18 0 0 0.594
kspMTII 4 12 29 8 24 30 17 52 43 4 12 50 0.541
agn43 10 14 71 19 26 70 35 49 88 8 11 100 0.124

#Virulence factor names as in the legend of Table 1
® Percent within the virulence factor

¢ Percent within the phylogenetic group

Table7  Analysis of the virulence factor profiles among the phylogenetic groups of E. coli strains isolated from blood (n=89) and the gastrointestinal
tract (n=146)

Virulence factor® Phylogenetic group

A (*n=14/30) B1 (*n=27/49) B2 (°n=40/59) D (°n=8/8)

n %" n %° n %°¢ n %°¢
afaldr 3/1 21/3 6/2 22/4 4/5 108 1/0 13/0
fim 13/22 93/73 17/26 63/53 24/39 60/66 5/4 63/50
sfa 9/6 464/20 7/19 26/39 26/37 65/63 5/4 63/50
papG 10/13 71/43 9/16 33/33 22/27 55/46 41 50/13
hivA 77 50/23 2/12 714 19/18 48/31 0/1 0/13
usp 9/19 64/63 1121 41/43 19/32 48/54 4/4 50/50
enf 8/11 57/37 6/20 22/41 25/35 63/59 5/3 63/38
fuAd 717 50/57 13/30 48/61 33/41 83/69 4/4 50/50
iutA 9/18 64/60 19/36 70/73 32/44 80/75 7/6 88/75
ibed 4/14 29/47 8/26 30953 11/20 28/34 3/1 38/13
iha 6/10 43/33 8/16 30/33 20/24 50/41 33 38/38
focG 3/6 2120 5/19 19/39 7127 18/%46 0/1 0/13
kspMTII 4/5 29/17 8/14 30/29 17/22 43/37 43 50/38
agn43 10/17 71/57 19/37 70/76 35/48 88/81 8/5 100/63

*Virulence factor names as in the legend of Table 1

® Number of isolates in the phylogenetic group [blood+/bowel+]/[blood—/bowel+]
¢ Percent within the phylogenetic group

9 p-Value <0.005
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factors. Our data support the hypothesis that unique virulence
genes of E. coli isolates predispose them to translocation and
bacteraemia, while different factors contribute to bowel coloni-
sation in this group of patients.

The results of one-dimensional analysis were statistically
significant for the afa/dr gene, which was associated with
strains of blood+/bowel+ group, and the focG gene, which
occurred more frequently in the control blood—/bowel+ group.
E. coli bearing afa/dr genes coding Dr and Afa adhesins orig-
inate from the gastrointestinal tract as the host’s intestinal mi-
croflora [31], mediate tissue invasion and can cause chronic
urinary tract infections and bacteraemia [30—34]. The present
observation suggests that Dr adhesins can represent an indepen-
dent factor predisposing for bacteraemia in the tested patients.
In this view, the question arises as to whether the presence of
virulent strains with Dr/Afa-type adhesins in the gastrointesti-
nal tract of patients with malignancies and immunosuppression
pose a risk of bacteraemia and require specific eradication strat-
egy. An intriguing possibility exists that F1C fimbriae coded by
the focG gene could enhance bowel colonisation and, perhaps,
restrict £. coli translocation to the bloodstream. This is in ac-
cordance with recent observations that F1C fimbriae contribut-
ed to E. coli persistence in an infant mouse intestinal colonisa-
tion and biofilm formation model [35].

As our previous report indicated, in patients with urosepsis,
the bowel-blood translocation may be increased by the presence
of two adhesins, Dr and P fimbriae. We evaluated the relation-
ship between pairs, clusters of four and clusters of more than four
most frequent virulence factors and blood—bowel translocation
in patients with leukaemia [30]. This analysis showed pairs of
genes which differentiated both groups of strains; the pairs of
genes were hlyA + iutA, agn43 + papC, focG + fimG, kspMTII +
agnd43, cnfl + papC, cnfl + sfa, usp + papC, usp + sfa, iut4 +
agn43. The most frequent profiles of four virulence factors were
papC, sfa, usp and cnfl. Profile 16 (all four factors positive) and
profile 1 (all four factors negative) constituted more than half of
all combinations within the blood+/bowel+ group. When the
two most numerous profiles 1 and 16 were analysed for the
co-occurrence of other factors, the association of type 1 fimbriae
but not haemolysin with bacteraemia was noted. We consider
that an unexpected lack of association of //yA4 with bacteremia
resulted from altered phylogenetic distribution. The multidimen-
sional clustering analysis confirmed the dominance of the most
virulent strains assigned to the cluster 2, with seven virulence
factors encoded by the following genes, papC, sfaD/E, cnf1, usp,
agn43, hiyA, iutA, in bacteraemia. This observation is consistent
with the interpretation that dominant cluster 2 from the blood+/
bowel+ group carried most virulence factors, including
haemolysin, and, therefore, was best equipped to translocate to
the blood system. The co-occurrence of multiple factors may
result in a cooperative virulence strategy [30]. P fimbriae have
the ability to bind to epithelial cells and signal inflammatory
response, and the Usp bacteriocin has exonucleolytic properties

@ Springer

and the cytotoxic necrotising factor encoded by cnfl can cause
cell injury, all of which are rarely encountered in commensal
strains. We consider that, in patients with haematologic malig-
nancies, these bacterial factors, in combination with the host
responses, may result in epithelial cells dysfunction, which be-
come more permeable for microorganisms invasion, allowing
their translocation/transmission.

The correlation of virulent genotypes and the phylogenetic
background for E. coli strains isolated from blood samples in
our material is consistent with the data presented in the literature.
Phylogenetic group B2 is considered to be pathogenic and rich in
various virulence factors. Our observation showed that, within
the commensal phylogenetic group A, a higher occurrence of
virulence factors was found in strains obtained from the blood
than in strains from the gastrointestinal tract. We consider that an
unexpected lack of association of s/y4 with bacteraemia in co-
occurrence with the four most frequent factors resulted from an
altered phylogenetic distribution, e.g. very low or no occurrence
in groups B1 and D. It was noted that the horizontal and vertical
transfer of genes encoding virulence factors leads to high differ-
entiation of the virulence degree among all phylogenetic groups
[16, 30, 32, 36]. No such significant differences were noticed for
the phylogenetic group B2 of strains from the blood and the
control group; in both cases, a high diversity of the combination
of virulence factors was detected. The question arises as to
whether the growth of pathogenic microflora in patients with
haematologic malignancies could lead to enhanced transfer of
genes encoding virulence factors to strains from the commensal
group and, hence, probably a selection of new subtypes of E. coli
pathogens posing a risk for the general population. In a similar
context, the clonal selection of E. coli pathogen equipped with
virulence factor(s) such as Dr adhesin and antibiotic resistance,
therefore capable of invading/persisting within infected cells and
escaping clearance by antibiotic(s) and disseminating to blood as
previously proposed by Nowickis’ group, may represent a sig-
nificant epidemiologic risk in sensitive populations [37].

Acknowledgements This work was supported by the Polish Ministry
of Science and Higher Education grant no. N401331239, awarded to A.S.

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.

References

1. Penack O, Rempf P, Eisenblitter M, Stroux A, Wagner J, Thiel E,
Blau IW (2007) Bloodstream infections in neutropenic patients: early
detection of pathogens and directed antimicrobial therapy due to
surveillance blood cultures. Ann Oncol 18:1870-1874


http://mostwiedzy.pl

Downloaded from mostwiedzy.pl

A\ MOST

Eur J Clin Microbiol Infect Dis (2015) 34:1135-1143

1143

2.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

Rosa RG, Goldani LZ (2014) Aectiology of bacteraemia as a risk
factor for septic shock at the onset of febrile neutropaenia in adult
cancer patients. Biomed Res Int 2014:561020. doi:10.1155/2014/
561020

. Vigil KJ, Johnson JR, Johnston BD, Kontoyiannis DP, Mulanovich

VE, Raad II, Dupont HL, Adachi JA (2010) Escherichia coli
Pyomyositis: an emerging infectious disease among patients with
hematologic malignancies. Clin Infect Dis 50:374-380. doi:10.
1086/649866

. Buchheidt D, Hummel M, Engelich G, Hehlmann R (2004)

Management of infections in critically ill neutropenic cancer patients.
J Crit Care 19:165-173

. Jugo J, Kennedy R, Crowe MJ, Lamrock G, McClurg RB, Rooney

PJ, Morris TCM, Johnston PG (2002) Trends in bacteraemia on the
haematology and oncology units of a UK tertiary referral hospital. J
Hosp Infect 50:48-55

. Cometta A, Calandra T, Bille J, Glauser MP (1994) Escherichia coli

resistant to fluoroquinolones in patients with cancer and neutropenia.
N Engl J Med 330:1240-1241

. Cruciani M, Rampazzo R, Malena M, Lazzarini L, Todeschini G,

Messori A, Concia E (1996) Prophylaxis with fluoroquinolones for
bacterial infections in neutropenic patients: a meta-analysis. Clin
Infect Dis 23:795-805

. Krcmery V, Spanik S, Mrazova M, Trupl J, Grausova S, Grey E,

Kukuckova E, Sulcova M, Krupova I, Koren P (2002) Bacteremias
caused by Escherichia coli in cancer patients—analysis of 65 epi-
sodes. Int J Infect Dis 6:69-73

. Nergaard M, Larsson H, Pedersen G, Schenheyder HC, Serensen HT

(2006) Risk of bacteraemia and mortality in patients with haemato-
logical malignancies. Clin Microbiol Infect 12:217-223

Samet A, Sledzinska A, Krawczyk B, Hellmann A, Nowicki S, Kur J,
Nowicki B (2013) Leukemia and risk of recurrent Escherichia coli
bacteremia: genotyping implicates E. coli translocation from the co-
lon to the bloodstream. Eur J Clin Microbiol Infect Dis 32:1393—
1400

Berg RD (1995) Bacterial translocation from the gastrointestinal tract.
Trends Microbiol 3:149-154

Ostermann H, Kratz-Albers K, Mesters RM, Kiehl M, Kienast J
(1997) Reciprocal changes in circulating interleukin-6 and its soluble
receptor during evolving sepsis in leukocytopenic patients. J Infect
Dis 176:825-828

Blijlevens NM, Donnelly JP, De Pauw BE (2000) Mucosal barrier
injury: biology, pathology, clinical counterparts and consequences of
intensive treatment for haematological malignancy: an overview.
Bone Marrow Transplant 25:1269—-1278

Hekker TA, Groeneveld AB, Simoons-Smit AM, de Man P, Connell
H, MacLaren DM (2000) Role of bacterial virulence factors and host
factors in the outcome of Escherichia coli bacteraemia. Eur J Clin
Microbiol Infect Dis 19:312-316

Kaper JB, Nataro JP, Mobley HLT (2004) Pathogenic Escherichia
coli. Nat Rev Microbiol 2:123-140

. Mokady D, Gophna U, Ron EZ (2005) Virulence factors of septice-

mic Escherichia coli strains. Int J Med Microbiol 295:455-462
Johnson JR (1991) Virulence factors in Escherichia coli urinary tract
infection. Clin Microbiol Rev 4:80-128

Smith JL, Fratamico PM, Gunther NW (2007) Extraintestinal patho-
genic Escherichia coli. Foodborne Pathog Dis 4:134-163
Krawczyk B, Samet A, Leibner J, Sledzifiska A, Kur J (2006)
Evaluation of a PCR melting profile technique for bacterial strain
differentiation. J Clin Microbiol 44:2327-2332

Clermont O, Bonacorsi S, Bingen E (2000) Rapid and simple deter-
mination of the Escherichia coli phylogenetic group. Appl Environ
Microbiol 66:4555-4558

Adamus-Biatek W, Wojtasik A, Majchrzak M, Sosnowski M,
Parniewski P (2009) (CGG)4-based PCR as a novel tool for discrim-
ination of uropathogenic Escherichia coli strains: comparison with

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

enterobacterial repetitive intergenic consensus-PCR. J Clin
Microbiol 47:3937-3944

Johnson JR, Delavari P, Kuskowski M, Stell AL (2001) Phylogenetic
distribution of extraintestinal virulence-associated traits in
Escherichia coli. J Infect Dis 183:78-88

Johnson JR, Stell AL, Delavari P, Murray AC, Kuskowski M,
Gaastra W (2001) Phylogenetic and pathotypic similarities between
Escherichia coli isolates from urinary tract infections in dogs and
extraintestinal infections in humans. J Infect Dis 183:897-906
Johnson JR, Stell AL (2000) Extended virulence genotypes of
Escherichia coli strains from patients with urosepsis in relation to
phylogeny and host compromise. J Infect Dis 18:261-272

Johnson JR, Brown JJ, Carlino UB, Russo TA (1998) Colonization
with and acquisition of uropathogenic Escherichia coli as revealed by
polymerase chain reaction-based detection. J Infect Dis 177:1120—
1124

Schubert S, Rakin A, Karch H, Carniel E, Heesemann J (1998)
Prevalence of the “high-pathogenicity island” of Yersinia species
among Escherichia coli strains that are pathogenic to humans.
Infect Immun 66:480—485

Le Bouguenec C, Archambaud M, Labigne A (1992) Rapid and
specific detection of the pap, afa, and sfa adhesin-encoding operons
in uropathogenic Escherichia coli strains by polymerase chain reac-
tion. J Clin Microbiol 30:1189-1193

Zhao L, Gao S, Huan H, Xu X, Zhu X, Yang W, Gao Q, Liu X (2009)
Comparison of virulence factors and expression of specific genes
between uropathogenic Escherichia coli and avian pathogenic
E. coli in a murine urinary tract infection model and a chicken chal-
lenge model. Microbiology 155:1634—1644

Kotlowski R, Bernstein CN, Sepehri S, Krause DO (2007) High
prevalence of Escherichia coli belonging to the B2+D phylogenetic
group in inflammatory bowel disease. Gut 56:669—675

Szemiako K, Krawczyk B, Samet A, Sledzinska A, Nowicki B,
Nowicki S, Kur J (2013) A subset of two adherence systems, acute
pro-inflammatory pap genes and invasion coding dra, fim, or sfa,
increases the risk of Escherichia coli translocation to the blood-
stream. Eur J Clin Microbiol Infect Dis 32:1579—1582
Brzuszkiewicz E, Briiggemann H, Liesegang H, Emmerth M,
Olschldger T, Nagy G, Albermann K, Wagner C, Buchrieser C,
Emody L, Gottschalk G, Hacker J, Dobrindt U (2006) How to be-
come a uropathogen: comparative genomic analysis of extraintestinal
pathogenic Escherichia coli strains. Proc Natl Acad Sci U S A 103:
12879-12884

Ejraes K, Stegger M, Reisner A, Ferry S, Monsen T, Holm SE,
Lundgren B, Frimodt-Meller N (2011) Characteristics of
Escherichia coli causing persistence or relapse of urinary tract infec-
tions: phylogenetic groups, virulence factors and biofilm formation.
Virulence 2:528-537. doi:10.4161/viru.2.6.18189

Nowicki B, Sledzinska A, Samet A, Nowicki S (2011) Pathogenesis
of gestational urinary tract infection: urinary obstruction versus im-
mune adaptation and microbial virulence. BJOG 118:109—112
Goluszko P, Moseley SL, Truong LD, Kaul A, Williford JR,
Selvarangan R, Nowicki S, Nowicki B (1997) Development of ex-
perimental model of chronic pyelonephritis with Escherichia coli
075:K5:H-bearing Dr fimbriae: mutation in the dra region prevented
tubulointerstitial nephritis. J Clin Invest 99:1662-1672

Lasaro MA, Salinger N, Zhang J, Wang Y, Zhong Z, Goulian M, Zhu
J (2009) F1C fimbriae play an important role in biofilm formation
and intestinal colonization by the Escherichia coli commensal strain
Nissle 1917. Appl Environ Microbiol 75:246-251

Steinberg SM (2003) Bacterial translocation: what it is and what it is
not. Am J Surg 186:301-305

Hart A, Nowicki BJ, Reisner B, Pawelczyk E, Goluszko P, Urvil P,
Anderson G, Nowicki S (2001) Ampicillin-resistant Escherichia coli
in gestational pyelonephritis: increased occurrence and association
with the colonization factor Dr adhesin. J Infect Dis 183:1526-1529

@ Springer


http://dx.doi.org/10.1155/2014/561020
http://dx.doi.org/10.1155/2014/561020
http://dx.doi.org/10.1086/649866
http://dx.doi.org/10.1086/649866
http://dx.doi.org/10.4161/viru.2.6.18189
http://mostwiedzy.pl

	Characterisation...
	Abstract
	Introduction
	Materials and methods
	Bacterial strains and microbiological procedures
	Genotyping by PCR MP and PFGE methods
	Determination of E.�coli phylogenetic group (phylogroup)
	PCR screening of virulence genes
	Statistical analysis

	Results
	Genotyping
	Prevalence of virulence factor genes
	Multidimensional analysis of the occurrence of virulence factors (co-occurrence)
	Phylogenetic grouping
	Virulence factors and the phylogenetic group
	Drug resistance profile

	Discussion
	References


