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Objectives: This study aimed to determine the association of Escherichia coli microbiological factors with
30-day mortality in patients with bloodstream infection (BSI) presenting with a dysregulated response to
infection (i.e. sepsis or septic shock).
Methods: Whole-genome sequencing was performed on 224 E coli isolates of patients with sepsis/septic
shock, from 22 Spanish hospitals. Phylogroup, sequence type, virulence, antibiotic resistance, and
pathogenicity islands were assessed. A multivariable model for 30-day mortality including clinical and
epidemiological variables was built, to which microbiological variables were hierarchically added. The
predictive capacity of the models was estimated by the area under the receiver operating characteristic
curve (AUROC) with 95% confidence intervals (CI).
Results: Mortality at day 30 was 31% (69 patients). The clinical model for mortality included (adjusted
OR; 95% CI) age (1.04; 1.02e1.07), Charlson index �3 (1.78; 0.95e3.32), urinary BSI source (0.30; 0.16
e0.57), and active empirical treatment (0.36; 0.11e1.14) with an AUROC of 0.73 (95% CI, 0.67e0.80).
Addition of microbiological factors selected clone ST95 (3.64; 0.94e14.04), eilA gene (2.62; 1.14e6.02),
and astA gene (2.39; 0.87e6.59) as associated with mortality, with an AUROC of 0.76 (0.69e0.82).
Discussion: Despite having a modest overall contribution, some microbiological factors were associated
with increased odds of death and deserve to be studied as potential therapeutic or preventive targets.
Natalia Maldonado, Clin Microbiol Infect 2024;30:1035
© 2024 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and

Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Sepsis is defined as life-threatening organ dysfunction caused
by a dysregulated host response to infection [1]. It is considered a
major cause of mortality worldwide, being responsible for nearly
20% of global deaths [2]. Although some patients' features have
been associated with mortality among patients with sepsis or
septic shock, the identification of specific microbial factors influ-
encing the outcome of patients might help in finding novel thera-
peutic or preventive targets.

Escherichia coli is the most common cause of bloodstream
infection (BSI) in high-income countries, with an estimated inci-
dence of 48 cases per 100 000 person-years [3] and is one of the
main causes of sepsis [4]. The association of microbiological de-
terminants with mortality has been studied in patients with E coli
bacteraemia, with heterogeneous results [5e14]; however, most
patients with E coli bacteraemia do not present a dysregulated
response to the infection, and to our knowledge, there is a lack of
information about the pathogen's role in mortality among bacter-
aemic patients presenting with sepsis or septic shock.

The objective of this study is to assess the association of
microbiological factors of E coli with 30-day mortality in patients
with bacteraemia presenting with sepsis or septic shock according
to current definitions.
Methods

Study design and patients

PROBAC-Ec study is part of the PROBAC project, a multicentre
prospective cohort of consecutive adult patients with confirmed
BSI between October 4, 2016 and October 15, 2017, in 26 Spanish
hospitals. The PROBAC study was approved by the ethics commit-
tees of the participating sites, which waived the need to obtain
informed consent because of the observational design. Methodo-
logical details were previously reported [15]; in summary, no
exclusion criteria applied; the patients' characteristics collected are
shown in Table 1; patients were followed for 30 days after the BSI
and survival after hospital discharge was assessed by reviewing the
charts, phone calls or consulting mortality registries.

From the PROBAC cohort, we selected the first 225 of the 1211
patients with monomicrobial E coli BSI presenting with sepsis or
septic shock at the time of blood culture sampling according to
Sepsis-3 criteria [1]. The primary endpoint was 30-day all-cause
mortality.
Microbiological studies

E coli isolates were sent to the Microbiology Department of
Virgen Macarena University Hospital in Seville, Spain. Antibiotic
susceptibility testswere performed by brothmicrodilutionmethod.
EUCAST v 10.0 clinical breakpoints for susceptibility testswere used
(https://www.eucast.org/).

Whole-genome sequencing was performed in Illumina MiSeq
sequencer (Illumina Inc) and de novo assembly was done using CLC
Genomics Workbench v10 software (http://www.clcbio.com/
products/). Sequence type (ST), serotype, virulence factors (VFs),
and antibiotic resistance genes were evaluated in MLST 2.0, Sero-
typeFinder 2.0, VirulenceFinder 2.0, and ResFinder 3.2, respectively
(https://www.genomicepidemiology.org/). The phylogenetic group
was assigned in the Clermont Typing platform (http://
clermontyping.iame-research.center/). Pathogenicity Islands
(PAIs) were identified from the PAI-DB database (www.paidb.re.kr)
(accessed on April 1, 2022). Virulence score (VS) and PAI score (PS)
were calculated for each isolate as a total number of genes or
islands detected, respectively. Details of the microbiological pro-
cedures and genomic analysis were reported previously, together
with a full descriptive report of the microbiological characteristics
of the isolates [16].
Statistical analysis

Considering a 30% 30-day mortality [4], the inclusion of 225
patients (z70 deaths) would allow the inclusion of some 7e10
mortality predictors in multivariable models, of which 4e5 would
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Table 1
Crude association between epidemiological, clinical, and therapeutic variables and 30-day mortality among patients with bloodstream infection (BSI) due to Escherichia coli
and presentation as sepsis/septic shock

Characteristic Survivors (n ¼ 155) Nonsurvivors (n ¼ 69) OR (95% CI)

Demographics
Age (y), Me (IQR) 74 (63e82) 82 (68e87) NC
Male sex 92 (59) 43 (62) 1.13 (0.63e2.02)

Source of bacteraemia
Urinary tract infection 93 (60) 23 (33) 0.33 (0.18e0.60)
Biliary intra-abdominal infection 34 (22) 18 (26) 1.25 (0.65e2.42)
Non-biliary intra-abdominal infection 10 (6) 11 (16) 2.75 (1.10e6.82)
Respiratory tract infections 4 (3) 11 (16) 7.15 (2.19e23.38)
Other sources 14 (9) 6 (9) 0.95 (0.35e2.61)
Urinary BSI source vs others 93 (60) 23 (33) 0.33 (0.18e0.60)
Strictly community-acquired infection 90 (58) 31 (45) 0.58 (0.33e1.04)

Underlying diseases
Diabetes mellitus 41 (26) 17 (25) 0.90 (0.47e1.74)
Cancer 39 (25) 21 (30) 1.30 (0.69e2.43)
Chronic pulmonary disease 17 (11) 15 (22) 2.25 (1.05e4.83)
Liver disease 16 (10) 12 (17) 1.82 (0.81e4.10)
Dementia 14 (9) 13 (19) 2.33 (1.03e5.28)
Peripheral vascular disease 17 (11) 7 (10) 0.91 (0.36e2.32)
Cerebrovascular disease 15 (10) 9 (13) 1.40 (0.58e3.37)
Recurrent urinary tract infection 16 (10) 7 (10) 0.98 (0.38e2.50)
Congestive heart failure 13 (8) 10 (14) 1.82 (0.76e4.45)
Moderate to severe chronic kidney disease 12 (8) 9 (13) 1.78 (0.76e4.46)
Obstructive uropathy 16 (10) 3 (7) 0.39 (0.11e1.40)
Haematolgical malignancy 7 (5) 5 (7) 1.65 (0.50e5.40)
Acute myocardial infarction 6 (4) 7 (10) 2.80 (0.90e8.67)
Biliary tract obstruction 8 (5) 3 (4) 0.83 (0.21e3.24)
Immunosuppressive therapy 11 (7) 5 (7) 1.02 (0.34e3.06)
Neutropenia <100 cels/mL 3 (2) 4 (6) 3.11 (0.67e14.32)
Charlson index �3 59 (38) 37 (54) 1.88 (1.06e3.33)

Invasive procedures/devices
Urinary catheter 39 (25) 19 (28) 1.13 (0.59e2.14)
Central venous catheter 31 (20) 10 (14) 0.67 (0.31e1.47)
Previous surgery 18 (12) 6 (9) 0.72 (0.27e1.91)
Mechanical ventilation 7 (5) 3 (4) 0.96 (0.24e3.83)
Biliary prosthesis 4 (3) 2 (3) 1.12 (0.20e6.30)
Nephrostomy 5 (3) 0 (0) NC
Pitt index �3 100 (65) 55 (80) 2.16 (1.10e4.23)
Active empirical treatment 149 (96) 60 (87) 0.26 (0.09e0.78)

IQR, interquartile range; Me, median; NC, not calculated; OR, odds ratio.
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be patients-related, allowing 5e6 microbiological factors in the
final multivariable models.

The Charlson comorbidity index and Pitt bacteraemia score
were dichotomized according to the mortality risk of different
strata. All categorical variables were compared between survivors
and nonsurvivors using Х2 or Fisher's exact test as appropriate, and
contingency tables were used to calculate odds ratios (ORs) with
95% CI for 30-day mortality. Age, VS, and PS were analysed as a
continuous variables using the Mann-Whitney U test. Clusters for
virulence genes were identified by two-step cluster analysis using
log-likelihood for distance measure and the Akaike information
criteria for determining the number of clusters.

We first constructed an explanatory multivariable model for 30-
day mortality including only patients' clinical and epidemiological
characteristics using binomial logistic regression; those with
bivariate p < 0.2 were included, and a parsimonious model was
built by selecting the variables using a manual stepwise backward
method. Variables with a p < 0.1 were kept in the model. In-
teractions between variables were explored and kept in the model
if significant. Then, we added the microbiological variables using a
hierarchical stepwise backward process, retaining the variables
with a p < 0.1. The predictive capacity of the models on observed
data was estimated by calculating the area under the receiver
operating characteristic curve (AUROC) with 95% CI, and the
goodness of fit by the Hosmer-Lemeshow test.

A sensitivity analysis was performed by including the specific
underlying conditions instead of the Charlson index, to check if
specific conditions might modify the estimations for the microbi-
ological characteristics. All tests were performed using SPSS (v.18;
SPSS Inc). This manuscript was reported according to STROBE
guidelines (Table S1).

Results

Of the 225 patients, 224 were finally analysed because the
isolate from one patient could not be recovered. These patients
were recruited from 22 of the 26 participating hospitals. The me-
dian age was 75 years (interquartile range [IQR] 65e84) and 60%
were male. The median SOFA score at the time of blood culture
sampling was six points (IQR 5e9) and the 30-day overall mortality
was 31%. Urinary tract infection was the most common source of
bacteraemia (116; 52%) and more than a half of the infections were
community-acquired (121; 54%).

The bivariate analysis of the associations of clinical and epide-
miological variables withmortality is shown in Table 1; a significant
association was found for age, chronic pulmonary disease,
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dementia, Charlson index �3, Pitt score �3, active empirical treat-
ment, and urinary source of BSI. In addition, liver disease, obstruc-
tive uropathy, congestive heart failure, and acute myocardial
infarction had p< 0.2 andwere included in themultivariablemodel.

The multivariable model of clinical, epidemiological, and ther-
apeutic characteristics for 30-day mortality included age and
Charlson index �3 as associated with increased odds of death,
whereas urinary source of BSI and active empirical treatment were
protective factors. The AUROC of the model for observed data was
0.73 (95% CI, 0.67e0.80) (Table 2), and the p value for the Hosmer-
Lemeshow test was 0.55. No significant interaction could be found
between the urinary source of BSI and active empirical treatment (p
0.71).

No differences were found in phylogenetic groups, serotypes,
or ST distribution between isolates from survivors and non-
survivors in crude analysis; cases caused by clone ST95 were
included in the multivariable analysis because of a p < 0.2
(Table 3). Also, no significant differences could be found between
E coli isolates from survivors and nonsurvivors for antibiotic
susceptibility results or resistance determinants (Table S2). The
median VS was 22 genes (IQR: 17e27), with no significant dif-
ferences between survivors and nonsurvivors (Table S3). How-
ever, a higher proportion of some individual virulence genes was
found in E coli isolates from nonsurvivors, in particular, hylF
(hemolysin F), tsh (temperature-sensitive hemagglutinin), cvaC
(microcin C), and etsC (putative type I secretion outer membrane
protein) (Table 3). In gene-clustering analysis, five clusters were
found (Table S4); none of them was individually associated with
an increased risk of death (Table S5). In terms of pathogenicity
islands, the median PS was 7 PAIs (IQR: 3e12), with no significant
differences in median score or prevalence of PAIs between E coli
isolates from survivors and nonsurvivors (Table S6).

When microbiological factors were added to the first multivar-
iable model, isolates belonging to clone ST95, eilA gene (encoding
EilA, a HilA-like transcriptional regulator protein), astA gene (heat-
stable enterotoxin), Charlson Index�3 and agewere independently
associated with increased odds for mortality, whereas urinary
source of bacteraemia and active empirical treatment remain into
the model as protective factors (Table 4). The AUROC of this model
was 0.76 (95% CI, 0.69e0.82), and the p value for the Hosmer-
Lemeshow test was 0.39. No interaction was found between clone
ST95 and the presence of virulence genes cia, cvaC, etsC, and hlyF
(p > 0.99).

A sensitivity analysis including individual comorbidities instead
of the Charlson indexwas performed; the final model included liver
disease, age, and Pitt index �3 as risk factors, and urinary source
and active empirical therapy as protective factors for 30-day mor-
tality (Table S7). The AUROC of this model was 0.73 (95% CI
0.67e0.80). Whenmicrobiological determinants were added to this
model, their adjusted OR (95% CI) were as follows: for age, 1.06 per
1-year increment (1.02e1.09); liver disease, 2.42 (0.91e6.41); astA,
2.55 (0.93e6.96); eilA, 2.83 (1.22e6.53); ST95, 3.62 (0.93e14.0);
urinary source of bacteraemia, 0.24 (0.12e0.48); and for active
Table 2
Multivariable model of clinical, epidemiological, and therapeutic variables associ-
ated with 30-day mortality in patients with bacteraemia due to Escherichia coli and
presentation as sepsis/septic shock

Variable p aOR (95% CI)

Age (per year) 0.0006 1.04 (1.02e1.07)
Charlson index �3 0.069 1.78 (0.95e3.32)
Urinary tract source of bacteraemia 0.0002 0.30 (0.16e0.57)
Active empirical treatment 0.084 0.36 (0.11e1.14)

aOR, adjusted odds ratio.
empirical treatment, 0.31 (0.96e1.06). The AUROC of this model
was 0.76 (95% CI, 0.70e0.83).

Discussion

In this prospective multicentre cohort of patients with E coli
bacteraemia and dysregulated response, 30-day mortality occurred
in nearly one-third of patients; as expected, older age and high
comorbidity index were associated with increased risk of 30-day
mortality, whereas active empirical treatment and urinary BSI
source were protective. The addition of microbiological de-
terminants to the multivariable model only slightly improved its
predictive ability; nevertheless, some factors, namely isolate
belonging to ST95, and the virulence genes eilA (encoding EilA, a
HilA-like transcriptional regulator protein), and astA (heat-stable
enterotoxin) were found to be associated with increased odds for
30-day mortality even when controlling for patients'
characteristics.

Because the overall contribution of microbiological factors in the
predictive ability of the multivariable model was limited, we hy-
pothesize that once the dysregulated response has occurred,
patient-related factors have a stronger causal effect on mortality
than microbiological factors, probably reflecting the importance of
the overall patients' functional reserve.

Previous studies focused on patients with E coli BSI but, to the
best of our knowledge, not specifically in sepsis or septic shock, for
which the outcome determinants might be different than in pa-
tients not showing a dysregulated response. However, those studies
might provide some context to our data. Older age and more severe
comorbidity status were associated with adverse outcomes in
previous E coli BSI studies [14,17], whereas urinary source of bac-
teraemia is typically a protective factor [5e7,10,11,13,18]. This is
probably related to the high concentration of some antibiotics in
urine or to an easier source control, compared to pulmonary or
abdominal infections. In patients with E coli BSI, an adequate
empirical treatment has also been associated with lower mortality
[19], in line with our results. In our cohort, extended-spectrum b-
lactamase genes were not associated per se with 30-day mortality,
as was seen in some previous studies [11,20].

In this cohort, no significant bivariate association was found
between phylogenetic background and 30-day mortality, which is
consistent with previous studies on BSI [6,11,13]. However, in the
multivariable analysis, we found an association of ST95with 30-day
mortality, which was strong but unprecise (i.e. wide 95% CI)
because of the low number of cases caused by this clonal group. To
our knowledge, this is the first study to demonstrate this associa-
tion. ST95 is one of the four dominant E. coli STs worldwide [21].
Previous studies in patients with BSI including only patients with
extended-spectrum b-lactamase-producing isolates [7,9,22]
excluded ST95 isolates as these are mostly associated with a low
prevalence of acquired antimicrobial resistance [23]. As for other
STs, ST88 was associated with mortality in a cohort of 545 patients
with E coli BSI [11]; there were only seven ST88 isolates in our
study, one of whom died. Yoon et al. [18] found the ST131-
sublineage H30Rx to be associated with early mortality, but this
could not be confirmed by our study, and Brumwell et al. [14] re-
ported an association between ST131 and increased mortality only
in patients with BSI from a urinary source. Other studies found no
association of specific clones with mortality [24].

A plausible biological explanation for the association between
ST95 and mortality in our cohort is its particular combination of
virulence traits, including adhesins, iron acquisition systems, toxins
production, and survival mechanisms. Some virulence factors are
more prevalent in ST95 than in the other predominant lineages
[16], such as genes involved in biosynthesis and transport of the K1



Table 3
Crude association between microbiological factors and 30-day mortality among patients with bloodstream infection due to Escherichia coli and presentation as sepsis/septic
shock

Characteristics Survivors (n ¼ 155) Nonsurvivors (n ¼ 69) OR (95% CI)

Phylogroup
A 14 (9) 3 (4) 0.46 (0.13e1.65)
B1 14 (9) 8 (12) 1.32 (0.53e3.31)
B2 91 (59) 36 (52) 0.77 (0.43e1.36)
C 9 (6) 4 (6) 1.00 (0.30e3.36)
D 20 (13) 12 (17) 1.42 (0.65e3.10)
F 3 (2) 4 (6) 3.12 (0.68e14.33)
G 4 (3) 2 (3) 1.13 (0.20e6.30)
Phylogroup B2/non-B2 91 (59) 36 (52) 0.77 (0.43e1.36)

Serotype
O25:H4 25 (16) 11 (16) 0.86 (0.40e1.84)
O6:H1 12 (8) 4 (6) 0.73 (0.22e2.36)
O17:H18 7 (5) 2 (4) 0.63 (0.12e3.11)
O1:H7 5 (3) 3 (3) 1.36 (0.31e5.87)

Sequence type
ST131 27 (17) 11 (16) 0.90 (0.42e1.94)
ST131-H30Rx 8 (5) 6 (9) 1.75 (0.58e5.25)
ST95 6 (4) 6 (9) 2.37 (0.73e7.61)
ST73 19 (12) 6 (9) 0.68 (0.26e1.79)
ST69 16 (10) 7 (10) 0.98 (0.38e2.50)
ST131/ST73/ST69/ST95 68 (44) 30 (43) 0.94 (0.55e1.74)

Antibiotic resistance genes
blaSHV-12 1 (1) 1 (1) 2.26 (0.14e36.74)
blaOXA-48 1 (1) 0 (0) NC
blaCTX-M 17 (11) 8 (12) 1.06 (0.44e2.60)
blaCTX-M15 10 (6) 7 (10) 1.64 (0.59e4.49)

Antibiotic resistance (%)
Ciprofloxacin 72 (46) 31 (45) 0.94 (0.53e1.66)
Amoxicillin/clavulanate 56 (36) 24 (35) 0.94 (0.52e1.71)
Piperacillin/tazoactam 13 (8) 7 (10) 1.23 (0.47e3.24)
Cefoxitin 13 (8) 7 (10) 1.23 (0.47e3.24)
Cefotaxime/Ceftriaxone 22 (14) 13 (19) 1.40 (0.66e2.98)
Cefepime 18 (12) 9 (13) 1.14 (0.49e2.69)
Amikacine 9 (6) 2 (3) 0.48 (0.10e2.30)
Gentamicine 30 (19) 11 (16) 0.79 (0.37e1.69)
Trimethoprim-sulfamethoxazole 64 (41) 30 (43) 1.09 (0.62e1.94)

Virulence genes
astA 12 (8) 10 (14) 2.02 (0.83e4.93)
cia 26 (17) 18 (26) 1.75 (0.88e3.47)
cvaC 31 (20) 22 (32) 1.87 (0.99e3.56)
eilA 23 (15) 16 (23) 1.73 (0.85e3.54)
etsC 32 (21) 25 (36) 2.18 (1.17e4.09)
hylF 36 (23) 25 (36) 1.88 (1.01e3.48)
senB 38 (25) 10 (14) 0.52 (0.24e1.12)
tcpC 31 (20) 6 (9) 0.38 (0.15e0.96)
tsh 7 (5) 9 (13) 3.17 (1.13e8.90)

Virulence score (Me; IQR) 22 (17�26) 23 (18�27) NC

NC, not calculated; OR, odds ratio.
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capsule (neuC, kpsMII-K1), hemolysin F (hylF), putative type I
secretion outer membrane protein (etsC) and bacteriocins produc-
tion (cia and cvaC). Bacterial capsule is a major element of bacterial
pathogenesis and interestingly, the genes implied in capsule syn-
thesis were present in all ST95 isolates which could be a potential
therapeutic or preventive target, although this finding deserves
further investigation.

The pathogenesis of E coli infection requires the display and
expression of several virulence genes [25]. Our study could not
confirm previously reported associations between fyuA, papGIII,
iroN, afa or iha genes, and mortality in E. coli BSI [5,8e11,18]. We
found astA gene to be an independent risk factor for 30-day mor-
tality. This gene encodes the enteroaggregative heat-stable toxin 1
(EAST-1) toxin, a small protein broadly distributed among diar-
rheogenic and commensal E coli strains [26]. In a collection of 174
blood isolates, astA gene was more frequent in isolates from pa-
tients with septic shock [27]. By contrast, Yoon et al. [18] found no
association between astA gene and 30-day mortality in 1492 pa-
tients with E. coli BSI; however, only 7.6% of the patients in that
cohort were critically ill according to SOFA scoring. To date, the
virulence and pathogenesis of EAST-1 toxin remain uncertain and
controversial [28].

We also found the virulence gene eilA to be associated with
increased 30-day mortality. It is a homologue of hilA regulator in
Salmonella enterica, encoded by eip island in the E. coli 042
genome [25]. The putative gene product EilA was linked to
modulation of expression of different genes of the eip island (i.e.
eipB, eipC, eipD, eicA and, eaeX), to activate the genetically linked
high molecular weight bacterial surface protein Air [29] and to
modulating genes eivF and eivA of a pathogenicity island
encoding components of type III secretion system 2 (ETT2),
which are employed to deliver effector proteins into the cyto-
plasm of infected host cells [30]. So far, eilA has been linked to
influencing both bacterial adhesion to epithelial cells and biofilm
formation [29]; however, the contribution of eilA gene as
virulence-related regulon to worse outcomes in patients with
severe presentation remains to be elucidated and would deserve
further studies.



Table 4
Multivariable model including microbiological factors associated with 30-day
mortality in patients with bacteraemia due to Escherichia coli and presentation as
sepsis/septic shock

Variable p aOR (95% CI)

Clone ST95 0.060 3.64 (0.94e14.04)
HilA-like transcriptional regulator gene (eilA) 0.023 2.62 (1.14e6.02)
Heat-stable enterotoxin gene (astA) 0.090 2.39 (0$87e6$59)
Charlson index �3 0.12 1.67 (0.88e3.17)
Age (per year) 0.0003 1.05 (1.02e1.08)
Urinary tract source of bacteraemia <0.0001 0.24 (0.12e0.48)
Active empirical treatment 0.063 0.32 (0.10e1.06)

aOR, adjusted odds ratio.
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This study has limitations related to the observational nature of
the design, potential unmeasured confounders (e.g. patients' ge-
netics), and lack of genome-wide association analysis. The presence
of virulence genes was analysed, but not their expression. Our an-
alyses were mostly exploratory and could not provide precise
estimation of associations. The results may not be applicable to
other populations. The strengths of our study include the analysis
of a large prospective, multicentre and well-characterized cohort of
patients with severe clinical presentation of E coli BSI according to
current consensus definitions; and the exhaustive analysis of all E
coli isolates by WGS.

In summary, in a cohort of 224 patients with E coli BSI pre-
senting sepsis or septic shock, patient-related factors, such as older
age and high comorbidity rate increase the odds of 30-day mor-
tality, whereas the urinary source of BSI and active empirical
treatment resulting in protective factors. Some bacterial factors,
such as the virulence genes astA and eilA, and especially the clone
ST95 showed a modest association with mortality, deserving
further research.
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