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Abstract Based on the concept of the individualized na-
ture of sepsis, we investigated the significance of the
−251 A/T (rs4073) single nucleotide polymorphism
(SNP) of interleukin (IL)-8 in relation to the underlying
infection. Genotyping was performed in 479 patients
with severe acute pyelonephritis (UTI, n = 146),
community-acquired pneumonia (CAP, n = 109), intra-
abdominal infections (IAI, n= 119), and primary bacter-
emia (BSI, n= 105) by restriction fragment length poly-
morphism of the polymerase chain reaction (PCR) prod-
uct and compared with 104 healthy volunteers.
Circulating IL-8 was measured within the first 24 h of

diagnosis by an immunosorbent assay. Carriage of the
AA genotype was protective from the development of
UTI (odds ratio 0.38, p: 0.007) and CAP (odds ratio
0.30, p: 0.004), but not from IAI and BSI. Protection
from the development of severe sepsis/septic shock was
provided for carriers of the AA genotype among patients
with UTI (odds ratio 0.15, p: 0.015). This was accompa-
nied by greater concentrations of circulating IL-8 among
patients with the AA genotype. It is concluded that car-
riage of rs4073 modifies susceptibility for severe infec-
tion in an individualized way. This is associated with a
modulation of circulating IL-8.
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Introduction

Severe sepsis and septic shock are major healthcare prob-
lems, affecting millions of people around the world each
year, killing one in four and increasing in incidence [1].
The pathophysiology of sepsis is a complex and dynamic
process that originates from the host immune response to
infection and varies according to the genetic predisposi-
tion, immune status of the host, the pathogen, and the type
of infection [2].

The Hellenic Sepsis Study Group has been intensively
working since 2007 to provide evidence for the individu-
alized nature of the pathogenesis of sepsis. To this end,
immunophenotyping on a large scale of 505 patients was
conducted during the first 24 h from sepsis onset and end-
ed up with the result that the alterations of the innate and
adaptive immune responses that take place upon transition
from sepsis to severe sepsis and septic shock differ in
relation to the type of underlying infection [3]. A similar
analysis indicated that the level of systemic endotoxemia
varies, being far greater among patients with primary
Gram-negative bacteremia and community-acquired pneu-
monia (CAP) than among patients with intra-abdominal
infections (IAI), acute pyelonephrit is (UTI), and
ventilator-associated pneumonia [4]. Towards this same
concept of individualized pathophysiology, it was recently
described that circulating angiopoietin-2 is primarily
expressed in sepsis syndrome developing in the field of
lung infections [5]. These findings generate the following
question: can genetic predisposition for sepsis severity
differ considerably in relation with the type of underlying
infection? Studies published so far on the impact of single
nucleotide polymorphisms (SNPs) of genes encoding
cytokine and receptors implicated in the inflammatory
cascade never took this as a confounding factor in the
analysis or they did not enrol a vast number of patients
to allow adequate subgrouping into infection type.
However, recent animal data generated in mice with ho-
mozygous deficiency for the IL-10 gene showed that this
hypothesis may be true [6].

Interleukin (IL)-8 is a proinflammatory cytokine, which
possesses a key role in the pathophysiology of sepsis
through the activation and chemotaxis of neutrophils [7,
8]. There are 235 SNPs in the IL-8 gene. Among them,
the most broadly studied is the −251 A/T SNP (rs4073),
which is located in the long arm of chromosome 4, at the
position −251 of the gene promoter. Although it is reported
that the presence of one A allele increases susceptibility for
UTI in the early stages of life [9], these findings cannot be
generalizable for all cases of sepsis.

Our hypothesis is that, if this SNP modifies the production
of IL-8, it can influence sepsis severity. The aim of the present
study was to explore the individualized importance of the

carriage of SNP alleles at the −251 promoter position of IL-8
for sepsis severity in light of the type of underlying infection.

Patients and methods

Study design

This multicenter study was conducted in 50 participating
departments of the Hellenic Sepsis Study Group. The study
protocol was reviewed and approved by the ethics commit-
tees of all hospitals of the participating study sites. Written
informed consent was provided from all patients or the
next of kin for patients unable to consent. Every patient
was enrolled once in the study.

The inclusion criteria were: (a) age ≥18 years; (b)
Caucasian origin; (c) diagnosis of one of the following infec-
tions: CAP, UTI, acute IAI, and primary Gram-negative bac-
teremia (BSI); (d) presence of sepsis, severe sepsis, or septic
shock; and (e) blood sampling within the first 24 h from the
first signs of systemic inflammatory response syndrome
(SIRS). The exclusion criteria were: (a) infection by human
immunodeficiency virus (HIV) infection and (b) neutropenia
defined as less than 1000 neutrophils/mm3.

Patients were classified as suffering from uncomplicated
sepsis, severe sepsis, or septic shock according to international
criteria [10]. Encountered signs of SIRS were the following:
(a) body temperature >38 °C or <36 °C; (b) heart rate >90/
min; (c) respiratory rate >20/min or PaCO2<32 mmHg; and
(d) white blood cell (WBC) count >12,000 mm3 or
<4000 mm3 or >10 % bands [10]. Diagnosis of CAP, UTI,
IAI, and BSI was done by internationally accepted criteria
[11–13].

One hundred and four healthy volunteers were also
enrolled after written informed consent. Criteria for the enrol-
ment of volunteers as controls in the study were negative
history of severe infections and negative history of any chron-
ic illness.

Laboratory investigation

Eight milliliters of whole blood were collected after venipunc-
ture of one forearm vein under aseptic conditions within the
first 24 h from the presentation of the first signs of SIRS.
Three milliliters of whole blood were collected into EDTA
tubes and stored at −80 °C until it was processed. The remain-
der was collected into sterile and pyrogen-free tubes and cen-
trifuged; serum was stored at −80 °C until it was assayed. A
second blood drawing or 3 ml of whole blood was randomly
performed on day 3, i.e., 48 h after the first blood sampling,
for a small subgroup of patients.

Genomic DNAwas extracted by the Puregene Blood Core
Kit C (Qiagen, Hilden, Germany), according to the
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manufacturer’s instructions. The restriction fragment length
polymorphism-polymerase chain reaction (RFLP-PCR) meth-
od was applied to genotype IL-8 promoter SNPs on a
SensoQuest Thermal Cycler LabCycler Gradient using
50 ng of genomic DNA at a final volume of 27 μl with
50 mmol l−1 of MgCl2, 20 mmol l−1 of dNTPs, and 1 mmol
l−1 of Taq DNA Polymerase (New England BioLabs, Ipswich,
MA, USA). For the −251 (A/T) SNP (rs4073), a 349-bp frag-
ment was amplified with the following published primer pairs
[14]: forward primer 5′-CAT GATAGC ATC TGTAAT TAA
CTG-3′ and reverse primer 5′-CTC ATC TTT TCATTATGT
CAG AG-3′. PCR conditions involved an initial denaturation
step of 94 °C 5 min, followed by 35 cycles of 94 °C for 45 s
and 52 °C for 45 s. Then, another cycle of 72 °C for 7 min was
carried out before termination. Ten microliters of the PCR
product was digested after incubation for 60 min at 37 °C with
0.5 U of the restriction enzymeMfeI (New England BioLabs,
Ipswich,MA, USA). To analyze the −251 A/T polymorphism,
gel electrophoresis was performed on the digested PCR prod-
ucts; the AA homozygotes yielded bands of 202 bp and
147 bp, the TT wild type yielded one band of 349 bp, and
the TA heterozygotes yielded three bands of 349 bp, 202 bp,
and 147 bp. Digested RFLP products were electrophoresed in
2 % agarose gels, stained with ethidium bromide, visualized
under ultraviolet light, and photodocumented.

Concentrations of IL-8 in sera were estimated in duplicate
by an enzyme-linked immunosorbent assay (eBioscience,
Inc., San Diego, CA, USA). The lower limit of detection
was 2 pg/ml.

Study endpoints

The primary endpoint was the association of the AA geno-
types of the rs4073 SNP of IL-8 for the risk for specific severe
infections. The secondary endpoints were the impacts of the
AA genotype of the rs4073 SNP of IL-8 on: (i) sepsis severity
in relation to the underlying type of infection and (ii) circulat-
ing IL-8 in relation to the type of underlying infection.

Statistical analysis

Patients within each infection subgroup were divided into
those classified as sepsis and those classified as severe
sepsis/septic shock. Comparisons of genotype frequencies in
relation to the presence of sepsis or severe sepsis/septic shock
for each infection type were done by the Chi-square test. Odds
ratios (ORs) and 95 % confidence intervals (CIs) for severe
sepsis/septic shock were calculated by Mantel and Haenszel’s
statistics. Comparisons of demographics and clinical charac-
teristics between patients bearing specific genotypes were
done by the Student’s t-test for quantitative variables with
normal distribution of values and by Fisher’s test for qualita-
tive variables. Circulating IL-8 was expressed as medians and
95 % CIs. Comparisons between genotypes were done by the
Mann–Whitney U-test because of the linear distribution of
values. The percentage changes of IL-8 on day 3 from the
baseline were compared between genotypes for patients hav-
ing the same infection by the Mann–Whitney U-test. Any
value of p below 0.05 after adjustment for multiple compari-
sons was considered significant.

Results

A total of 479 patients were studied: 146 had UTI, 109 had
CAP, 119 had IAI, and 105 had BSI. The genotype distribu-
tion was in Hardy–Weinberg equilibrium in all infection
groups and in healthy controls, as shown in Fig. 1. However,
patients with BSI had a trend to be outside the Hardy–
Weinberg equilibrium (p: 0.088). Overall, the comparison of
genotype frequencies between patients and healthy controls
was significant (Chi-square: 12.370, df= 4, p: 0.015). This
was due to the frequency of the AA genotype being lower in
patients with UTI and CAP than healthy controls (Table 1).
This was also the case for the frequency of the A allele; it was
significantly lower among patients with UTI and CAP than
healthy controls.

Fig. 1 Study flow chart. BSI
primary bacteremia; CAP
community-acquired pneumonia;
HW Hardy–Weinberg
equilibrium; IAI intra-abdominal
infection; UTI acute
pyelonephritis
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In the next step, we studied the genotype distributions be-
tween patients admitted with sepsis and those admitted with
severe sepsis/septic shock in each infection group (Table 2).
These did not differ among patients with CAP and IAI.
However, they differed significantly within patients with
UTI and BSI. More precisely, the frequency of the AA geno-
type was lower among patients with UTI admitted with severe
sepsis/septic shock, with the OR for severe sepsis/septic shock
being 0.15 (95 % CI: 0.03–0.69; p: 0.015). Although the ge-
notype distribution differed significantly between patients
with sepsis and severe sepsis/septic shock suffering from
BSI, no difference was found between patients with AA and
the other genotypes (p: 0.220).

In order to decipher if the reported genotypes are, per se,
protective from severe sepsis/septic shock or if this was an
epiphenomenon of their clinical severity, the demographic
and clinical characteristics were compared between patients
of the TT/AT genotypes and patients of the AA genotype.
As shown in Table 3, patients with the AA genotype and
UTI were younger. They also had lower Acute Physiology
and Chronic Health Evaluation II (APACHE II) scores, but
this was anticipated because the frequency of severe sepsis/
septic shock was lower among them.

Among patients with UTI, carriers of the AA genotype had
greater circulating concentrations of IL-8 than carriers of the
TT/TA genotypes. No impact of rs4073AA IL-8 genotypes on

circulating IL-8 of patients with CAP, IAI, and BSI was found
(Fig. 2).

Discussion

This is the first study showing that a specific gene SNP may
modulate host susceptibility for a severe infection and clinical
severity of sepsis in an individualized module that depends on
the type of underlying infection. Our findings suggest that the
carriage of the AA genotype of the IL-8 −251A/T SNP is
protective from the development of severe UTI and CAP,
but not of IAI and BSI. Furthermore, carriage of the AA ge-
notype is protective from the development of severe sepsis/
septic shock after UTI.

There are some recent examples of publications focusing
on the importance of one gene SNP for the clinical phenotype
of one single severe infection instead of studying the severity
of sepsis that comprises more than one infection etiology.
Most of these studies have been conducted in patients with
CAP. One recent genome-wide study revealed that the CC
genotype of rs4957796 was associated with favorable out-
comes of patients with severe CAP compared to patients of
the CT and TT genotypes [15]. In their study, Madách et al.
demonstrated that, among patients hospitalized with severe
CAP, carriers of the PAI-1 4G/4G and 4G/5G genotypes have

Table 1 Impact of carriage of the AA genotype and the A allele of rs4073 of IL-8 on susceptibility to severe infections

AA genotype (no. of patients, %) OR (95 % CI)* p-Value A allele (no. of alleles, %) OR (95 % CI)* p-Value

Healthy 24 (23.1) 100 (48.1)

UTI 15 (10.3) 0.38 (0.18–0.77) 0.007 104 (35.6) 0.59 (0.42–0.85) 0.005

CAP 9 (8.3) 0.30 (0.13–0.68) 0.004 68 (31.2) 0.48 (0.32–0.73) <0.001

IAI 20 (16.8) 0.67 (0.34–1.30) 0.311 95 (39.3) 0.72 (0.49–1.05) 0.086

BSI 15 (14.3) 0.55 (0.27–1.13) 0.113 90 (42.9) 0.81 (0.55–1.19) 0.325

*In relation to healthy volunteers

BSI primary bacteremia; CAP community-acquired pneumonia; CI confidence interval; IAI intra-abdominal infections; OR odds ratio; UTI acute
pyelonephritis

Table 2 Genotype distribution of
rs4073 of IL-8 in relation to the
underlying infection and to sepsis
stage

TT (n, %) TA (n, %) AA (n, %) p-Value

UTI Sepsis 31 (54.4) 34 (45.9) 13 (86.7) 0.015

Severe sepsis/septic shock 26 (45.6) 40 (54.1) 2 (13.3)

CAP Sepsis 24 (48.0) 23 (46.0) 3 (33.3) 0.642

Severe sepsis/septic shock 26 (52.0) 27 (54.0) 6 (66.7)

IAI Sepsis 20 (45.5) 23 (41.8) 11 (55.0) 0.598

Severe sepsis/septic shock 24 (54.5) 32 (58.2) 9 (45.0)

BSI Sepsis 4 (13.3) 31 (51.7) 8 (53.3) 0.001

Severe sepsis/septic shock 26 (86.7) 29 (48.3) 7 (46.7)

BSI primary bacteremia; CAP community-acquired pneumonia; CI confidence interval; IAI intra-abdominal
infections; OR odds ratio; UTI acute pyelonephritis
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higher risk for multiorgan dysfunction and septic shock [16].
Eklund et al. investigated the association between the CRP
−717 A>G promoter region polymorphism and mortality
from bacteremia caused by Streptococcus pneumoniae and
found that mortality was increased in patients homozygous
for the CRP −717 GG genotype [17]. However, no published
study has, until now, enrolled such a broad study population,
as our study and analyzed the results to explore the diverse
impact of one gene SNP in the severity of different infections.

Only two studies are available on the impact of the carriage
of the −251A IL-8 SNP allele for susceptibility to infection;
both were conducted in patients with UTI. More precisely,
Artifoni et al. studied a cohort of 265 children with UTI; they
found that carriage of the A SNP allele increases the risk of
infection of the upper urinary tract with an OR of 2.45 [9]. In
their study, Javor et al. demonstrated that the carriage of this
SNP increased the likelihood for recurrent attacks of UTI after
the first episode of UTI by 62.7 % [18]. The results of both
these studies seem to be discrepant compared to our findings.
However, all patients with UTI enrolled in the present study
had clinical signs of systemic inflammation aggravated or not
by organ failures; the studies of Artifoni et al. [9] and Javor
et al. [18] did not comprise a similar study population.

The only available observation that one specific gene may
affect sepsis differently in relation to the underlying focus of
infection comes from two studies in mice. In the first study,
mice knock-out for both SR-A and CD36 genes encoding for
the scavenger receptors SR-1 and CD36 on neutrophils
underwent either lung infection by the intranasal instillation
of Staphylococcus aureus or IAI by the intraperitoneal injec-
tion of S. aureus. The results revealed that the concomitant
lack of genes was deleterious for lung infection and protective
from intraperitoneal infection [19]. To the same end, mice
knocked out for the IL-10 gene encoding for the anti-
inflammatory cytokine IL-10 underwent experimental tulare-
mia by the subcutaneous or intranasal instillation of
Francisella tularensis. The absence of the IL-10 gene accel-
erated death by lung infection, whereas it protected against
skin infection [6]. It is evident that studies with knockout mice
for a specific gene are not comparable to studies of humans
who carry SNPs for one gene. However, these recent animal
results start to build the concept that one gene may have a

different effect on the phenotype in relation to the studied type
of infection and they provide, at least to some extent, indirect
support on the individualized impact of SNPs in humans.

One question is how the studied SNP may affect disease
severity. A study using splenocytes isolated from recent
human cadavers by severe sepsis made it evident that immu-
nosuppression is a common denominator in these patients.
When splenocytes were ex vivo stimulated, they failed to pro-
duce adequate concentrations of proinflammatory cytokines
[20]. As shown in CAP and IAI, where the SNP did not impact
clinical severity, circulating IL-8 was similar in all genotypes.
However, patients with the TT/TA genotype and UTI had
lower circulating IL-8 than patients with the AA genotype.
Circulating IL-8 remains unchangeable in these patients dur-
ing the first 48 h. This finding is compatible with lower im-
munosuppression after UTI and explains the lower acquisition
of severe disease. Contrary to patients with UTI, patients with
the TT/TA genotype and BSI present with greater over-time
increases of IL-8 than patients with the AA genotype. This is
compatible with the greater frequency of severe sepsis/septic
shock among these patients.

The present study is the first to provide clear-cut evidence
that the nature of sepsis is individualized at a genetic level.
The AA genotype of rs4074 of IL-8 modifies the severity of
the infection developing after UTI. This is associated with a
modulation of the SNP on cytokine production. It is evident
that these findings can be conceived as a broadening of our
understanding of the pathophysiology of sepsis and point to-
wards the era of personalized medicine, where the genetic
fingerprint of the host is of major importance.
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