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Extraintestinal pathogenic Escherichia coli (ExPEC) are a frequent cause of bacteremia and sepsis, but the role of
ExPEC genetic virulence factors (VFs) in sepsis development and outcome is ill-defined. Prospective study including 120
adult patients with E. coli bacteremia to investigate the impact of bacterial and host factors on sepsis severity and
mortality. Patients’ clinical and demographic data were registered. Phylogenetic background of E. coli isolates was
analyzed by SNP pyrosequencing and VFs by PCR. The E. coli isolates presented an epidemic population structure with 6
dominant clones making up to half of the isolates. VF gene profiles were highly diverse. Multivariate analysis for sepsis
severity showed that the presence of cnf and blaTEM genes increased the risk of severe illness by 6.75 (95% confidence
interval [CI] 1.79–24.71) and 2.59 (95% CI 1.04–6.43) times respectively, while each point in the Pitt score increased the
risk by 1.34 (95% CI 1.02–1.76) times. Multivariate analysis for mortality showed that active chemotherapy (OR 17.87,
95% CI 3.35–95.45), McCabe-Jackson Index (OR for rapidly fatal category 120.15, 95% CI 4.19–3446.23), Pitt index (OR
1.78, 95% CI 1.25–2.56) and presence of fyuA gene (OR 8.05, 95% CI 1.37–47.12) were associated to increased mortality
while the presence of P fimbriae genes had a protective role (OR 0.094, 95%IC 0.018–0.494). Bacteremic E. coli had a
high diversity of genetic backgrounds and VF gene profiles. Bacterial VFs and host determinants had an impact on
disease evolution and mortality.

Background

Escherichia coli is the gram-negative organism most frequently
isolated in adult patients with bacteremia.1,2 Though it is a com-
mensal of the normal intestinal microbiota of mammals and
birds,3 some strains of E. coli are pathogenic, either intestinal or
extraintestinal.4,5

Extraintestinal pathogenic E. coli (ExPEC) strains, cause a
variety of infections, including urinary tract infections (UTI),
sepsis and neonatal meningitis.4 ExPEC have several virulence
factors (VFs) that may play a role in infection by enabling the
bacterial cells to move into the host and disseminate. ExPEC VFs
include adhesion molecules, iron acquisition systems, host
defense-subverting mechanisms and toxins. Several VFs have
been associated with the source of infection6 or bloodstream
invasion,7 but their role in determining a patient´s prognosis is
ambiguous.8-12

In order to investigate the relevance of ExPEC VFs in sepsis,
we have prospectively studied the characteristics of E.coli causing
bacteremia in our hospital and their relationship with sepsis
severity and mortality.

Patients and Methods

Setting and design
One-year prospective observational study of all the episodes of

bacteremia due to E. coli in our hospital from May 2009 to May
2010. Cases were detected through the daily review of blood cul-
ture results from adult patients (aged >18 years). The study was
approved by the Hospital La Paz Ethics Committee. Written
informed consent was obtained before including patients in the
study.

Variables and data collection
We collected, from medical records, demographic characteris-

tics, underlying diseases, reason for admission, diagnosis, source
of bacteremia, antimicrobial therapy and outcome. Data were
recorded in a standardized form and anonymised according to
the Hospital regulations.

Definitions
Bacteremia episodes were primarily classified as nosocomially-

acquired (NA) or community-acquired (CA), in accordance with
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CDC criteria.13 CA episodes were further classified as healthcare-
associated (HCA) if any of the following criteria were present14:
a 48-hours hospital admission during the previous 90 days,
hemodialysis, intravenous medication or home wound care in
the previous 30 days or residence in a nursing home or long-
term care facility.

Charlson comorbidity index (range 0–37)15 and McCabe-
Jackson classification (non-fatal, ultimately fatal or rapidly
fatal)16 were used to evaluate comorbidity and prognosis. Acute
severity of illness at presentation was evaluated with the Pitt Bac-
teremia Score.17 Sepsis level was graded as sepsis, severe sepsis
and septic shock according to the criteria of systemic inflamma-
tory response syndrome (SIRS).18

Immunosuppression was defined as use of immunosuppressive
therapy (steroid treatment, other immunosupresor drugs, immu-
nomodulating agents or chemotherapy) and/or presence of any
immunosuppressive illness (cancer, hematological malignancy,
HIV infection).

The source of bacteremia was determined according to the
clinical presentation and/or the evidence of an identical strain
cultured near to or on the same date as the onset of bacteremia.
If the source of bacteremia could not be identified, it was classi-
fied as primary bacteremia.

Antimicrobial therapy was considered appropriate if the
patient received at least one agent with in vitro activity against
the isolate according to the results of antimicrobial susceptibility
testing (AST), and if the dosage and route of administration were
correct according to current clinical guidelines. Time from the
onset of the bacteremia episode to the initiation of the treatment
was obtained from medical and nurse records.

Outcome parameters
Crude mortality during hospitalization and within 30 days

after onset of bacteremia was registered. Relationship between
death and bacteremia—directly related, indirectly related and
non-related—was assessed by two different investigators by
reviewing hospital medical records. In those patients who had
been discharged, mortality was evaluated through local electronic
health records. Readmission within one month after discharge
and its relatedness to the previous episode of bacteremia were
also registered as indicator of patient outcome.

Bacterial determinants
Blood cultures were incubated in Bactec (BACTEC TM, Bec-

ton Dickinson, Franklin Lakes, NJ, USA) or BacT/ALERT�

(bioM�erieux, Marcy l’Etoile, France) systems. Identification and
antibiotic susceptibility was determined using Wider� (Fco.
Soria Melguizo, Madrid, Spain) or Vitek2� (bioM�erieux) sys-
tems. Susceptibility assays were interpreted according to CLSI
guidelines (CLSI, 2011). ESBL production was confirmed by E-
test ESBL strips (bioM�erieux).

The phylogenetic groups were determined by multiplex
PCR20 and by single nucleotide polymorphism (SNP) pyrose-
quencing.21 The pyrosequencing method generates SNP allelic
profiles or SAPs. Each SAP may include one or more MLST
types, and is numbered with the lowest ST number included in

the profile, e.g., SAP131 is numbered after ST131 and includes
ST131, as well as other STs with higher numbers (see ref. 21).
Presence of 25 VF genes and 4 betalactamase families (TEM,
CTX-M, VIM and OXA-48) was determined by PCR as
described elsewhere.22,23 Genetic analysis of betalactamase fami-
lies (TEM, CTX-M, VIM and OXA-48) was performed regard-
less of their expression in the Etest. Virulence score for each
isolate was defined as the number of VF genes present.

Statistical analysis
Univariate regression analyses were performed for clinical and

bacteriological factors. Percentages were compared using the x2

test or the Fisher exact test, as appropriate and continuous varia-
bles using the Mann-Whitney U test. All variables achieving a
P value <0.10 were then entered into the multivariate logistic
regression models for sepsis severity and mortality respectively. A
stepwise forward process method was used to obtain the models
in which all clinical risk factors had a P value<0.05. As our study
was exploratory, all VFs and betalactamases were included in the
models irrespective of their p values in univariate analysis. Signifi-
cant VFs were afterward removed to know their weight on multi-
variate models. All the tests were performed using SPSS version
17.0 (SPSS, Chicago, IL).

Results

The study included 120 adult patients with E. coli bacteremia.
Data regarding SIRS were available for 119 patients.

Clinical and epidemiological characteristics
Patients were predominantly elderly (68.9% > 65 years old),

with frequent comorbidities (median Charlson score 3). The
major comorbidities were solid or hematological malignancies
(50%), immunosuppression (28.3%, including 20 patients on
chemotherapy) and diabetes mellitus (20% of the patients).
There was an equal gender distribution, with 49.6 % of male
patients. Overall, 44.2% of infection episodes were NA, 11.7%
were HCA and 44.2% were CA (Table 1; Table S4).

The source of infection was intra-abdominal in 47.5% of the
cases, urinary in 33.3%, primary in 14.2%, catheter-related in
3.3%, and skin and soft tissue in 2 (Table 1). There were more
women, more patients with cancer and higher mortality in the
intra-abdominal-source group (57.1% vs. 32.5%, P D 0.023;
56.1% vs. 25%, P D 0.003; 26.3% vs. 17.5% P D 0.033, respec-
tively) (Table S3).

One hundred and 11 patients received antibiotic treatment
and it was considered appropriate in all cases. Nine patients did
not receive any antibiotic treatment. Fifty-one per cent of the
patients received the first dose of antibiotic during the first hour
since the clinical presentation of the bacteremia episode and
79.6% during the first 8 hours. Patients were treated empirically
with a betalactam/betalactamase inhibitor in 44.14% cases, with
a carbapenem in 33.3%, with a 3rd- or 4th-generation
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cephalosporin in 12.6%, with a quinolone in 7.2% and one
patient was treated with colistin.

Bacterial determinants
Multiplex PCR typing was done to determine the distribution

of the isolates among the major E. coli phylogenetic groups.20

Phylogroup B2 was the most common with 41.6% of the iso-
lates, followed by group A with 30%, group D with 17.5%, and
group B1 with 10.8%. MLST-based SNP typing showed a
diverse population with 50 different SNP allelic profiles (SAPs).
Each SAP is equivalent to one or a few closely related MLST
sequence types (ST).21 Among the 50 profiles found, 37
appeared once and only 6 appeared in more than 5 isolates.

These six allelic profiles accounted for 50.8% of the isolates:
SAP131 (n D 14), SAP73 (n D 12), SAP95 (n D 10), SAP23
(n D 9), SAP12 (n D 8) and SAP10 (n D 8) (Fig. 1).

PCR analyses of VF genes showed that the 120 isolates pre-
sented 108 different VF gene profiles, of which 99 were unique,
7 appeared twice, 1 appeared three times, and another 1 appeared
four times. The frequencies of the individual VF ranged from no
presence of papG allele I or 2.5% of afaB/C to 95.8% for fimH
(Table 2). Virulence scores were calculated as the sum of the VF
genes present in each isolate. The median virulence score was 9
(range 0 to 18, IQR 6 to 13). The median virulence scores for
each phylogroup were 13, 8, 9 and 6.5, for B2, B1, D and A,
respectively (P < 0.001) (Table 2).

Table 1. Patient and pathogen characteristics according to sepsis severity and outcome

All patients
n D 120

Mild illness
n D 74

Severe illness
n D 45 P value C

Survivors
n D 87

Non-survivors
n D 33 P value CC

Host Characteristics
Sex, male 59 (49.6) 34 (45.9) 25 (55.6) — 37 (62.7) 22 (37.3) 0.025
Sex, female 49 (81.7) 11 (18.3) —
Age, mean (range) 70.77 (20–98) 72.65 (30–96) 67.69 (20–98) — 71.78 (20–98) 68.03 (33–96) —
Age >65 years 82 (68.9) 54 (73) 28 (62.2) — 64 (73.6) 18 (56.3) —
Charlson Index, median (IQR) 3 (1–4) 3 (1–4) 3 (1–4) — 2 (1–4) 4 (2.5–4.5) 0.001
Charlson Index >2 65 (54.2) 39 (52) 26 (57.8) — 40 (46) 25 (75.8) 0.004
Diabetes mellitus 24 (20) 12 (16) 12 (26.7) — 16 (18.4) 8 (24.2) —
Cancer 48 (40) 31 (41.3) 17 (37.8) — 30 (34.5) 18 (54,5) 0.060
Hematological malignancy 12 (10) 10 (13.3) 2 (4.4) — 7 (8) 5 (15.2) —
Inmunosupression 34 (28.3) 24 (32) 10 (22.2) — 19 (21.8) 15 (45.5) 0.013
HIV infection 2 (1.7) 2 (2.7) 0 — 1 (1.1) 1 (3) —
Steroid treatment 11 (9.2) 10 (13.3) 1 (2.2) 0.051 8 (9.25) 3 (9.1) —
Other inmunosupresor drugs 7 (5.8) 7 (9.3) 0 0.044 3 (3.4) 4 (12.1) 0.090
Immunomodulating agents 1 (0.8) 1 (1.3) 0 — 1 (1.1) 0 —
Chemotherapy 20 (16.7) 11 (14.7) 9 (20) — 9 (10.3) 11 (33.3) 0.005
Admission Service — —
Medical 77 (65.8) 52 (72.2) 25 (55.6) 54 (64.3) 23 (69.7)
Surgical 26 (22.2) 13 (18.1) 13 (28.9) 22 (26.2) 4 (12.1)
Critical Care Units 14 (12) 7 (9.7) 7 (15.5) 8 (9.5) 6 (18.2)

Mc Cabe Jackson Index: — 0.001*
Non-fatal 47 (39.5) 29 (39,2) 18 (40) 42 (48.8) 5 (15.2)
Ultimately fatal 53 (44.5) 31 (41.9) 22 (48.9) 35 (40.7) 18 (54.5)
Rapidly fatal 19 (16) 14 (18.9) 5 (11.1) 9 (10.5) 10 (30.3)

Global death 33 (27.5) 19 (25.3) 14 (31.3) — NA NA
Length of stay, mean (SD) 25.61 (27) 22.87 (22.69) 30.11 (34.25) — 22.74 (26.56) 33.09 (29.64) —
Days of stay prior to BSI, mean (SD)* 9.26 (15.11) 9.06 (14.28) 9.59 (16.57) — 8.09 (15.06) 12.5 (15.03) —

BSI-Episode Characteristics
Pitt Index, median (IQR) 1 (0–1.25) 0 (0–1) 1(0–2) 0.005 0.5 (0–1) 1 (0–3) 0.02
Pitt >1 27 (24,5) 9 (13.2) 18 (42.9) 0.001 16 (19.5) 11 (39.3) 0.044
BSI origin — —
Nosocomial 53 (44,2) 32 (42.7) 21 (46.7) 35 (40.2) 18 (54.4)
Community-acquired 53 (44,2) 35 (46.7) 18 (40) 44 (50.6) 9 (27.3)
Healthcare associated 14 (11,7) 8 (10.7) 6 (13.3) 8 (9.25) 6 (18.2)

BSI Source — 0.033
Urinary 40 (33,3) 26 (34.7) 14 (31.1) 33 (37.9) 7 (21.2)
Intra-abdominal 57 (47,5) 36 (48) 21 (46.7) 42 (48.3) 15 (45.5)
Other or unknown 23 (19.2) 13 (17.3) 10 (22.2) 12 (13.8) 11 (33.3)

Hours from BSI to treatment 7.31 (12.26) 7.31 (12.26) 6.7 (13.23) — 7.05 (11.89) 6.7 (13.71) —
Adequate treatment** 111 (100) 69 (100) 42 (100) — 81 (100) 30 (100) —

Note: Data are displayed as number (%) unless otherwise noted. BSI blood stream infection. IQR: interquartile range. SD: standard deviation. C Comparisons
for mild and severe illness groups. CC Comparisons for survivors and non-survivors—Not significant. *Only for patients with nosocomial BSI episodes.
**From treated patients.
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The rates of antibiotic resistance were low (Table S1) and
no statistically significant differences between NA and CA
infections were observed. Six (5.1%) isolates showed ESBL
phenotype (4 cases NA, 1 HCA, 1 CA), 1 associated a VIM
metallo-betalactamase, and another one an OXA-48 carbape-
nemase (NA cases).

Phylogroup distribution did not have significant associations
with patient characteristics (Tables S2 and S3), or antibiotic
resistance, but were strongly correlated with VF genes, mostly
through significant, and often strong, associations between VF
genes and group B2 (Table 2). The strongest association was
found for the cnf gene, which was detected exclusively among B2
isolates. In addition, all B2 isolates had the usp, ompT and fyuA
genes.

According to the origin of infection, the only significant asso-
ciation was a higher frequency of the usp, kpsMTII and malX
genes in CA infection. According to the source, only the iutA
gene was found to be significantly less frequent in intra-abdomi-
nal infections. And in relation to the immunological status, the
iucD gene was more frequent in immunosuppressed patients
(79.4% vs. 58.1%, P D 0.035) (Table S4).

SIRS response and risk factors for sepsis severity
The SIRS response was graded in three categories: sepsis was

found in 62.2% of the patients, severe sepsis in 28.6%, and septic
shock in 9.2%. Because the latter group was too small for statisti-
cal analysis, the two more severe conditions were merged, and
the response categorized as mild illness (sepsis, 61.6% of the
patients) or severe illness (severe sepsis or septic shock, 37.55%

of the patients) (Table 1).
No differences between
these two groups were
found with respect to age,
sex, comorbidity or immu-
nosuppression. Similar dis-
tributions were also found
in relation to the origin and
the source of bacteremia,
antibiotic resistance profiles
and phylogroups. Pitt scores
were higher in severe disease
than in mild disease (mean
1.66 vs. 0.77, P D 0.005).
Patients were empirically
treated with a betalactam/
betalactamase inhibitor in
39.1% and 52.4% of mild
and severe illness respec-
tively, in 36.2% and 28.6%
with a carbapenem, in
14.5% and 9.5% with a
3rd- or 4th-generation
cephalosporin, and in 6.7%
and 4.8% with a quinolone.
One patient in each group
received an aminoglycoside

and one patient in the severe illness group was treated with
colistin.

Median virulence scores did not differ between the two
groups (9 for mild disease and 10 for severe disease, P D 0.296)
(Table S1), and only the cnf gene was significantly more fre-
quent in the severe sepsis group (24.4% vs. 8%, P D 0.016)
(Table S2).

Multivariate analysis revealed that the presence of cnf and bla-

TEM genes was associated to a 6.65 (95% CI 1.79–24.71) and a
2.59 (95% CI 1.04–6.43) increased risk of severe illness respec-
tively (Table 3). Each point in the Pitt score increased risk by
1.34 (95% CI 1.02–1.76). The area under the curve to predict
sepsis severity for this model was 0.763 (95% CI 0.673–0.853).
No other independent factors were found to be related with the
severity of the disease. The predictive ability of the model when
removing all the VFs was reduced to a ROC area under the curve
of 0.700 (95% CI 0.597–0.802).

Mortality and risk factors for mortality
Total 30-day mortality was 27.7% (33 patients). In 63.6% of

these patients the bacteremia episode was not considered to be
directly related to death, in 21.2% it was considered the main
cause for death, and in 15.2% it was considered possible/proba-
ble cause.

The main features of survivors and non-survivors are shown in
Table 1. Comorbidity was remarkably higher in the non-survi-
vors group as reflected in their higher Charlson index (2.62 vs.
4.06, P D 0.001), more malignancies (34.5 vs. 54.5%, P D
0.06) and higher frequency of chemotherapy (10.3% vs. 33.3%,

Figure 1. Distribution of allelic profiles in the bacteremic population. The histogram shows the SNP allelic profiles
(SAP) detected in our study population, and the number of isolates belonging to each one. The six profiles labeled
as Hx were not found in the MLST database. Profile numbering taken from ref. 21
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P D 0.001). McCabe-Jackson Index was different between both
groups with a significant trend, with more rapidly-fatal prognosis
in the non-survivors group (30.3% vs. 10.5%, P D 0.001),

The origin of infection in deceased patients was NA in 54.8%
(18 patients), HCA in 27.3% (6) and CA in 27.3% (6). There

were less infections of urinary source in the non-survivors group
(21.2% vs. 37.9%, P D 0.033).

Although Pitt index values were higher in non-survivor
patients (mean 0.84 vs. 1.9, P D 0.02), the fraction of patients
with septic shock or severe sepsis in both groups did not differ
statistically: 24 patients had severe sepsis and 7 septic shock
among the survivors, while 10 patients had severe sepsis and 4
septic shock among the non-survivors.

ESBL-producing isolates were found only among the non-sur-
vivors (6 strains, P < 0.001). All treated patients in both groups
received adequate antibiotics, although it was started later in the
non-survivors group (mean time to treatment starting:
8.09 hours in survivors and 12.51 hours in non-survivors).

Table 2. Virulence factors distribution according to phylogenetic group

Phylogenetic group

All isolates A B1 B2 D

Virulence-related gene n D 120 n D 36 n D 13 n D 50 n D 21 P

Adhesins
papC 58 (48.3) 10 (27.8) 4 (30.8) 32 (64) 12 (57.1) 0.004
papG allele I 0 0 0 0 0 —
papG allele II 36(30) 4 (11.1) 2 (15.4) 23 (46) 7 (33.3) 0.003
papG allele III 12 (10) 2 (5.6) 0 10 (20) 0 0.018
afaB/C 3 (2.5) 0 0 2 (4) 1 (4.8) —
fimH 115(95.8) 32 (88.9) 13 (100) 50 (100) 21 (95.2) —
iha 42 (35) 7 (19.4) 4 (30.8 19 (38) 12 (57.1) —
sfa/focDE 24(20) 2 (5,6) 2 (15,4) 20 (40) 0 <0.0001

Toxins
cdtB 7 (5.8) 0 0 5 (10) 2 (9.5) —
cnf1 17 (14.2) 0 0 17 (34) 0 <0.0001
hlyA 28 (23.3) 4 (11.1) 2 (15.4) 20 (40) 2 (9.5) 0.004
Sat 32 (26.7) 2 (5.6) 4 (30.8) 16 (32) 10 (47.6) 0.003
Usp 69 (57.5) 5 (13.9) 6 (46.2) 50 (100) 8 (38.1) <0.0001

Protectins
kpsMTII 66 (55) 8 (22.2) 6 (4.2) 38 (76) 14 (66.7) <0.0001
ompT 90 (75) 17 (47.2) 8 (61.5) 50 (100) 15 (71.4) <0.0001

Iron-uptake
iroN 61 (50.8) 18 (80) 10 (76.9) 31 (62) 2 (9.5) <0.0001
fyuA 91 (75.8) 19 (52.8) 8(61.5) 50 (100) 14 (66.7) <0.0001
iutA 83 (69.2) 23 (63.9) 10 (76.9) 36 (72) 14 (66.7) —
iucD 77 (64.2) 21 (58.3) 10 (76.9) 33 (66) 13 (61.9) —
ireA 23 (19.2) 3 (8.3) 4 (30.8) 13 (26) 3 (14.3) —

Betalactamases
TEM 67 (55.8) 25 (69.4) 7 (53.4) 26 (52) 9 (42.9) —
CTX-M 5 (4.2) 1 (2.7) 1 (7.7) 3 (6) 0 —
VIM 1 (0.8) 0 0 1 (2) 0 —

Miscellaneous
malX 68 (56.7) 6 (16.7) 6 (46.2) 49 (98) 7 (33.3) <0.0001
svg 12 (10) 1 (2.8) 1 (7.7) 9 (18) 1 (4.8) —
ibeA 16 (13.3) 1 (2.8) 0 11 (22) 4 (19) —
tratT 76 (63.3) 20 (55.6) 10 (76.9) 36 (72) 10 (47.6) —
cvaC 25 (20.8) 13 (36.1) 2 (15.4) 10 (20) 0 —
Median Virulence score (IQR) 9 (6–13) 6.50 (4–8.75) 8 (4–12) 13 (10–15) 9 (6–10)

Note: Data are displayed as number (%) of isolates. papC, P fimbrial; papG allele I, II y III, P fimbrial adhesin molecule, with variants I, II, and III; afaB/C, afimbrial
adhesin; fimH, type 1 fimbrial adhesion, iha, bifunctional enterobactin receptor/adhesin; sfa/foc, S and F1C fimbriae; cdtB, cytolethal distending toxin; cnf,
cytotoxic necrotizing factor; hlyA, hemolysin; sat, secreted autotransporter toxin; usp, uropathogenic specific protein; kpsMTII, group II capsule synthesis;
iroN, putative catecholate siderophore receptor; fyuA, yersiniabactin receptor; iutA, aerobactin receptor; iucD, aerobactin biosynthesis; TEM and CTX-M beta-
lactamases; VIM metallobetalactamase; malX, marker for pathogenicity-associated island from strain CFT073; svg, specific for virulence subgroup; ibeA, inva-
sion of brain endothelium A; traT, serum-resistance associated outer membrane protein; cvaC, colicin V receptor. -, not significant.

Table 3.Multivariate logistic regression analysis for sepsis severity

Variable b SE (b) OR 95% CI P

Pitt index 0.292 0.140 1.34 1.02 1.76 0.037
cnf presence 1.894 0.670 6.65 1.79 24.71 0.005
blaTEM presence 0.950 0.464 2.59 1.04 6.43 0.04
Constant ¡1.528 0.397 0.22 0.000
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VF gene frequencies did not differ between survivors and non-
survivors in the univariate analysis. The set of VF genes included
3 genes enconding components of P fimbriae, papC, papGII and
papGIII. These were analyzed separately and grouped as P
fimbriae.

Multivariate analysis revealed that active chemotherapy (OR
17.87, 95% CI 3.35–95.45), McCabe-Jackson Index (OR for
rapidly-fatal category 120.15, 95% CI 4.19–3446.23), Pitt index
(OR 1.78, 95% CI 1.25–2.56) and presence of the fyuA (OR
8.05, 95% CI 1.37–47.12) were positively associated with mor-
tality while the presence of any of the genes that encode for P
fimbriae components had a protective role (OR 0.094, 95% CI
0.018–0.494). The ROC area under the curve to predict mortal-
ity for this model was 0.853 (95% CI 0.769–0.936). No other
independent factors were found to be associated with mortality
(Table 4). The predictive capacity of the model when removing
all the VFs was reduced to a ROC area under the curve of 0.820
(95% CI 0.732–0.908).

Discussion

In our study of 120 E. coli bloodstream infections we have
found that host and pathogen factors were associated with sever-
ity and outcome of infection. Our analysis shows an association
between certain E. coli VFs with disease severity (cnf and blaTEM),
increased mortality (fyuA) and decreased mortality (papC, papGII
and/or papGIII in any combination, all them encoding compo-
nents of P fimbriae). One of the strengths of our study is that we
carefully characterized all E. coli bloodstream infections epidemi-
ologically, clinically and genotypically. E. coli isolates were ana-
lyzed for a broad range of VFs, phylogenetic background and
antibiotic susceptibility.

In our series, the bacterial isolates had a high genetic diversity
and a mixed population structure, with a few epidemic clonal
complexes making up to half of the isolates, and several sporadic
isolates, most of them unique, making up the other half. Remark-
ably, the major allelic profile was SAP131, which is equivalent to
the pandemic ST131. This is similar to the population structure
found previously in our hospital isolates.21 The genetic diversity
was much higher for the VF genes, where just a few profiles
appeared more than once.

The association of cnf with E. coli bloodstream infection sever-
ity has not been reported before, although Jaur�eguy et al.9

reported a higher, but non-significant, frequency of cnf in
patients with septic shock. A plausible biological explanation for
this association is that cnf codes for a toxin, the cytotoxic necro-
tizing factor 1. This is a 113 kDa protein that activates small
GTP-binding proteins in host cells, conferring E. coli the ability
to affect cellular functions including inflammatory response and
inhibition of phagocytic and chemotactic activities of neutro-
phils.28,29 The frequency of isolates containing cnf in our
cohort—14.2%—was slightly lower than in prior series which
have reported frequencies of around 20–30%.8,9 In most studies,
the higher frequencies are found in phylogroup B224 and isolates
from urinary sources,6,25 while they have been reported in less
than 5% of commensal strains.26

The association of blaTEM with sepsis severity is difficult to
explain because it appears to be independent of the betalactamase
activity (since all patients received appropriate antibiotics) and it
is possible that the presence of blaTEM might be a marker of the
presence of some other VFs.

The mortality rate in our cohort was 27.7%, which is within
expectations, considering the frequent nosocomial nature and
non-urinary sources of our episodes. Prior studies have reported
mortality rates ranging from 5% to 30%.27 In spite of the associ-
ation of cnf and blaTEM genes with sepsis severity neither of these
2 VF were associated with mortality. Multivariate analysis
showed 2 different E. coli factors associated with mortality: fyuA
increased the risk, while any combination of genes encoding for
P fimbria components had a protective role.

The presence of the yersiniabactin siderophore receptor
encoded by fyuA in previously reported series ranges from 51%
in an ESBL E. coli collection 22 to 96% in children with UTI due
to E. coli.7 The fyuA gene product is involved in the efficient
uptake of iron from bloodstream 28 and in invasion of the blood-
stream from urinary tract.29 Previous studies have reported con-
tradictory results regarding fyuA and mortality. Lefort et al.8

found fyuA more frequently in survivors (78.09% vs. 66.18%,
p D 0.0025), but this relationship was lost in multivariate analy-
sis. On the contrary, Jaur�eguy et al.9 found fyuA slightly more
frequently in non-survivors (87.5% vs. 77.7%), but this differ-
ence was not significant.

The P fimbriae, encoded by the pap genes, mediate bacterial
adhesion to host cells.30 Previous data regarding P fimbriae and
mortality are also conflicting, i.e Jaur�eguy et al.9 found that the
papGIII gene was related to fatal outcome, but in the COLIBAFI
study8 the same genes played a protective role. A protective role
was found also for papGII in a multicentric study of ESBL E. coli
bacteremia.31 The mechanism for the protective effect is
unknown, but is likely related to the immunogenicity of the P
fimbriae, that might help to develop an earlier or stronger
immune response.

As expected, multivariate analysis found host risk factors asso-
ciated with the outcome of the bacteraemia: the McCabe-Jackson
Index, active chemotherapy treatment and Pitt Index, all well
documented in the literature.8,11,16 Pitt index is a well-estab-
lished sepsis predictor17 that gives internal validity to the model.

Table 4.Multivariate logistic regression analysis for mortality

Variable b SE (b) OR 95% CI P

Active chemotheraphy 2.883 0.855 17.871 3.346 95.458 0.001
McCabe-Jackson Index
No fatal — — — — — 0.013
Ultimately fatal 2.990 1.497 19.894 1.058 374.124 0.046
Rapidly fatal 4.789 1.712 120.153 4.189 3446.225 0.005
Pitt Index 0.577 0.178 1.781 1.256 2.526 0.001
P fimbria genes ¡2.362 0.845 0.094 0.018 0.494 0.005
fyuA gene 2.085 0.902 8.047 1.374 47.125 0.021
Constant ¡5.971 1.779 0.003 0.001
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We acknowledge some limitations in our study, mainly
related to the relatively small sample size. Our cohort included a
limited number of bacteremia episodes which had different sour-
ces and few cases of severe sepsis and fatal cases. The high genetic
heterogeneity of the E. coli population, together with the low bac-
teremia-related-mortality limits our ability to establish associa-
tions with VFs. We have to acknowledge that the predictive
value of the models to predict sepsis severity and mortality
changed modestly, and with an overlap on CIs, when we
removed the contribution of VF, suggesting limited prognostic
importance.

Our study also shares with prior studies 8,9,12 the difficulties
derived from the high diversity of genetic backgrounds, VF gene
profiles and the heterogeneity in patient populations. The wide
diversity in host and pathogen factors might be the major reason
for the disparity of conclusions drawn among different studies.
In our opinion these methodological difficulties call for different
approaches, that might include multicentric studies with larger
sample sizes, analyses of VF gene profiles instead of single VF
genes,22 and whole-genome sequencing with genome-wide asso-
ciation studies 32 in order to identify E. coli determinants of sep-
sis severity or mortality that could be targets for specific
intervention in the future. Probably, the most promising
approach is whole-genome sequencing. These technologies are
now becoming broadly accessible to microbiology laboratories,
and it is very likely that soon this approach will be faster, cheaper
and much more informative than PCR of selected genes.32

In summary, in our series of E. coli bacteraemia we found a
mixed bacterial population structure, with a few epidemic clones
accounting for half of the isolates, and several sporadic isolates

making up the other half. The heterogeneity of the patient popu-
lation and the extremely high genetic diversity in VF gene profiles
complicate the analysis, but in spite of these, both, host and bac-
terial factors showed an impact on sepsis severity and mortality.
The presence of the cnf and blaTEM genes was associated with sep-
sis severity while the presence of the fyuA gene was associated
with mortality and the presence of P fimbria genes with improved
survival. A multivariate logistic regression model found that the
major parameters were related to the host status, while the VF
genes had a modest, though significant, contribution to the
model predictive capacity.
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