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TNF and TNFR polymorphisms in severe sepsis and
septic shock: a prospective multicentre study
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Tumour necrosis factor (TNF) is an important pro-inflammatory cytokine produced in sepsis. Studies examining the association
of individual TNF single nucleotide polymorphisms with sepsis have produced conflicting results. This study investigated
whether common polymorphisms of the TNF locus and the two receptor genes, TNFRSF1A and TNFRSF1B, influence
circulating levels of encoded proteins, and whether individual polymorphisms or extended haplotypes of these genes are
associated with susceptibility, severity of illness or outcome in adult patients with severe sepsis or septic shock. A total of 213
Caucasian patients were recruited from eight intensive care units (ICU) in the UK and Australia. Plasma levels of TNF
(P¼ 0.02), sTNFRSF1A (P¼ 0.005) and sTNFRSF1B (P¼ 0.01) were significantly higher in those who died on ICU compared
to those who survived. There was a positive correlation between increasing soluble receptor levels and organ dysfunction
(increasing SOFA score) (sTNFRSF1A R¼ 0.51, Po0.001; sTNFRSF1B R¼ 0.53, Po0.001), and in particular with the degree
of renal dysfunction. In this study, there were no significant associations between the selected candidate TNF or TNF receptor
polymorphisms, or their haplotypes, and susceptibility to sepsis, illness severity or outcome. The influence of polymorphisms of
the TNF locus on susceptibility to, and outcome from sepsis remains uncertain.
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Introduction

Sepsis is the most common cause of death in adult intensive
care units (ICU), and is being diagnosed with increasing
frequency.1–3 Attempts to reduce the high mortality rates
(20–60%) associated with sepsis, severe sepsis and septic
shock by manipulating the inflammatory response have
met with only limited success,4,5 at least in part due to our
limited understanding of the complex mechanisms which
regulate the innate immune response in these conditions.
Also, such interventions have usually been applied
unselectively to heterogeneous groups of patients, without
considering the potential influence of their ethnic and
genetic diversity on the response to treatment.

More than 10 years ago, it was clearly demonstrated
that premature death in adults, especially when due to
infectious and vascular causes, is a strongly heritable
trait.6 Since then, a number of relatively small studies

have suggested that interindividual variations in suscep-
tibility to, and outcome from, severe sepsis/septic shock
can be partly explained by polymorphisms of the genes
encoding proteins involved in mediating and controlling
innate immunity and the inflammatory response.7–18

Tumour necrosis factor (TNF) is a pivotal cytokine in
the host response to infection. Systemic administration of
TNF produces most of the symptoms and signs of
sepsis,19,20 and previous studies have shown that high
TNF levels are associated with a poor outcome from
meningococcal infection.21,22 Several single nucleotide
polymorphisms (SNPs) within the TNF/LTA locus are
thought to influence TNF production, and have therefore
been identified as candidate genes that might influence
susceptibility to and/or outcome from infectious disease.
In sepsis, interest has particularly focused on the
promoter TNF �308 G/A SNP. Although several studies
have found an association of the A allele with a
predisposition to septic shock and/or outcome from
sepsis, findings have been inconsistent (Table 1).7,8,23–26

One explanation for these contradictory observations
may be the linkage disequilibrium (LD), which is known
to exist between this SNP and other functionally
important polymorphisms in the region, and it is notable
that only one previous study has investigated TNF
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haplotype associations in patients with sepsis.26 More-
over, although the A allele of the �308 SNP has been
shown to increase TNF transcription in some in vitro
studies,27 in others this has not been the case,28 leading
some to question the functional importance of this SNP.

In order to recover from an infectious insult, the pro-
inflammatory response to infection must be balanced
and controlled by anti-inflammatory mechanisms. In the
case of TNF, regulatory mechanisms include shedding
into the circulation of two membrane-bound TNF
receptors, TNFRSF1A and TNFRSF1B (previously known
as TNFR1 and TNFR2 and both members of the TNF
receptor superfamily). Cleavage of the extracellular
portion of these receptors produces soluble molecules
(sTNFRSF1A and sTNFRSF1B) in the blood that retain
the ability to bind TNF and inhibit its acute activity.29

Evidence is gradually emerging that genetic variations
within the TNF receptor gene loci may be important in
the pathogenesis of various inflammatory conditions. A
rare, dominantly inherited autoinflammatory syndrome,
formerly known as familial Hibernian fever but renamed
TRAPS (TNF Receptor-Associated Periodic Syndrome),
is caused by germline mutations, mostly within the
extracellular domain of the TNFRSF1A gene.30 Some of
these mutations (eg C52F and T50M) result in impaired
shedding of the extracellular portion of TNFRSF1A, such
that these patients have high levels of membrane-bound
TNFRSF1A (mTNFRSF1A) on leucocytes and low circu-
lating sTNFRSF1A levels in plasma. The characteristic
fevers, skin rashes and arthritis in this condition are
therefore believed to be due to the unrestrained proin-
flammatory actions of TNF. Polymorphisms within the
TNFRSF1B locus have also been associated with other
conditions in which TNF is believed to play an important
role.31–33 We therefore hypothesised that such poly-
morphisms might influence plasma levels of TNF
receptors, and hence the extent of the inflammatory
response and outcome in patients with severe sepsis/
septic shock. To date, no studies have investigated the
role of TNF receptor polymorphisms in sepsis.

The aim of this study was to recruit a larger number of
patients with severe sepsis and septic shock than has
been previously studied, in order to investigate whether
common polymorphisms or haplotypes of the TNF locus
and the two receptor genes, TNFRSF1A and TNFRSF1B
(on chromosomes 6, 12 and 1 respectively) influence
circulating levels of encoded proteins, susceptibility to
sepsis, severity of illness or outcome.

Results

Patients

A total of 213 Caucasian patients were recruited, 75 from
London, 82 from Oxford and 56 from Sydney. In all, 60%
were male; the median age was 64 (19–80) years. The
median admission APACHE II score was 19 (4–42). The
APACHE II predicted hospital mortality was 39.4%. The
overall ICU mortality rate was 24.4% (52/213) and
hospital mortality 34.3% (73/213). There were no
significant differences in patient characteristics between
recruiting centres, except in the proportion of medical
admissions (Table 2).T
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Cytokine and receptor levels
Plasma samples were collected on the day of recruitment
from 53 of the patients recruited in London. Plasma
levels of TNF were significantly higher in those who
died on the ICU compared to those who survived (19,
0–72 pg/ml vs 6.4, 0–74.6 pg/ml, P¼ 0.02, Figure 1).
Similarly, plasma levels of sTNFRSF1A and sTNFRSF1B
were both significantly higher in the nonsurvivors (11.3,
3–42.8 ng/ml vs 5.5, 1–27ng/ml, P¼ 0.005 and 19,
2.9–48.8 ng/ml vs 7.7, 2.8–35.1 ng/ml, P¼ 0.01, respectively,
Figure 1).

There was no relationship between the ratio of plasma
TNF to sTNFRSF1A (P¼ 0.19) or TNF to sTNFRSF1B
(P¼ 0.19) and survival. Similarly, there was no relation-
ship between the ratio of plasma levels of soluble
receptors 1A and 1B and survival (P¼ 0.27).

There was a positive correlation between increasing
soluble receptor levels and SOFA score, and in particular
with the degree of renal dysfunction (Figures 2 and 3).

Genotype and plasma protein levels
There was no association between TNF genotype and
plasma TNF levels (P¼ 0.71, 0.69, 0.55, 0.64 for TNF
�308, �238, LTA þ 249, þ 365, respectively). Similarly,
there was no association between sTNFRSF1A and 1B
plasma levels and their respective polymorphisms
(P¼ 0.58, 0.45, 0.86 for TNFRSF1A �609, þ 36, þ 1135
and P¼ 0.77 and 0.76 for TNFRSF1B þ 676, þ 1663,
respectively).

Genotype and outcome
All genotype frequencies were in Hardy–Weinberg
equilibrium. There were no significant differences
between genotype or allele frequencies in the patients
with severe sepsis/septic shock when compared to
normal health controls (Table 3).

The genotype frequencies in ICU survivors and
nonsurvivors are shown in Table 4. None of the
individual genotypes or alleles was significantly asso-
ciated with ICU outcome. Only increasing age (odds
ratio 1.03, 95% CI 1.00–1.05, for each year) and medical
rather than surgical admission (odds ratio 2.47, 95% CI
1.22–5.00) were statistically associated with ICU mortal-
ity. After adjusting for these two variables, the lack of a
statistically significant association between genotype and
outcomes remained. Similarly, there was no association
between genotype or allele frequency and hospital
outcome (data not shown).

There was no association between illness severity
(assessed by the maximum SOFA score attained during
the ICU stay34), and genotype of any of the SNPs studied.

Extended haplotypes and outcome
There was no association between any of the estimated
haplotypes in the three genetic loci and outcome. The
estimated haplotype frequencies are shown in Table 5.

Discussion

In this study, there were no significant associations
between the selected candidate TNF or TNF receptor
polymorphisms, or their haplotypes, and susceptibility
to sepsis, illness severity or outcome. In particular, we
were unable to confirm previous findings of significant
associations between the TNF �308 and the LTA þ 249
SNPs and susceptibility to, or outcome from severe
sepsis and septic shock.7–9,24–26 Also, in keeping with one
earlier study,7 we were unable to confirm previous
findings of an association between either the TNF �308
SNP8,25 or the LTA þ 249 SNP9 and circulating levels of
TNF. Such inconsistency has been a common experience
with candidate gene association studies in many dis-
eases,35 and in particular with those which have
examined TNF polymorphisms.36 Possible explanations
have included limited statistical power (sometimes
compounded by multiple testing and overestimation of
marginal results in small populations), heterogeneous
patient populations with unrecognised confounding
factors, stratification of population substructure, impre-
cise definition of phenotype and variable quality control
of genotyping techniques.37 Moreover, the functional
importance of many of these polymorphisms is un-
certain;36 indeed many SNPs may simply represent
genomic markers for other more functionally relevant
genetic variants with which they are in linkage dis-
equilibrium. Of particular relevance to this study, TNF/
LTA SNPs are located in the major histocompatibility
complex (MHC) class III region on chromosome 6p21
and are therefore in strong LD with the MHC extended
haplotypes.38 Lastly, sepsis is the epitome of a complex
polygenic disorder and it is possible that in this
condition the inconsistent findings can be explained, at
least in part by differences in case mix between the
various studies.

In view of these conflicting results, the present study
was designed to achieve more complete genotyping,
including haplotype analysis. In addition to the

Table 2 Patient characteristics according to recruiting centre

All patients (n¼ 213) London (n¼ 75) Sydney (n¼ 56) Oxford (n¼ 82) P

Age 64 (19–80) 62 (22–80) 65.5 (19–80) 66 (19–80) 0.92
Male (%) 128 (60) 44 (58.7) 29 (51.8) 55 (67.1) 0.18
Medical admissions (%) 128 (60) 41 (54.7) 47 (83.9) 40 (48.8) o0.001
APACHE II 19 (4–42) 17 (9–37) 22 (4–42) 18 (4–39) 0.10
ICU mortality (%) 52 (24.4) 22 (29.3) 13 (23.2) 17 (20.7) 0.47
Hospital mortality (%) 73 (34.3) 28 (37.3) 19 (33.9) 26 (31.7) 0.76
Predicted hospital mortality (%) 39.4 37.2 45.5 37.4 —
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commonly studied TNF �308 polymorphism, we also
examined the G/A SNP at �238 in the TNF promoter
region (another SNP associated with inflammatory
conditions and TNF production39,40) and the LTAþ 365
G/C SNP,41 as well as the LTAþ 249 polymorphism
(which influences RNA polymerase loading,42 has been

associated with susceptibility to myocardial infarction,43

has been found to have some positive associations in
sepsis9,26 and recently has been shown to be the most
informative SNP for estimating haplotypes across the
TNF/LTA locus44).

Figure 1 Plasma levels of TNF, sTNFRSF1A and sTNFRSF1B in
ICU survivors and nonsurvivors, P¼ 0.02, 0.005 and 0.01, respec-
tively (line¼median, box¼ interquartile range, O¼outliers).

Figure 2 Plasma levels of sTNFRSF1A and sTNFRSF1B compared
to SOFA score.

Figure 3 Mean plasma levels of sTNFR with increasing renal
failure.
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This study was designed to achieve greater statistical
power than previous studies (Table 1), with a patient
population nearly two-and-a-half times the size of the
previous largest published report.7 However, if the relative
risk attributable to these polymorphisms is in fact
substantially less than that used in our power calculations,
we may still not have the power to answer the relevant
questions. This is particularly the case for outcome from
sepsis in a cohort of 213 subjects among whom only 52

were nonsurvivors. We would therefore suggest that
future studies should incorporate much larger numbers
and be powered for a relative risk of around 1.5. If this
were to be applied to the outcome from septic shock for
the TNF �308 A allele, for example, 2000 patients would
be required to achieve 90% power to obtain a P-value of
0.01. An alternative approach would be to perform a meta-
analysis, although the combined number of patients from
previous studies and our own would still be less than 1000.

Table 3 Genotype and allele frequencies for each SNP in normal
healthy controls and patients with severe sepsis and septic shock

% Controls (n) % Patients (n) P

TNF �308 G/G 65.8 (233) 63.7 (135)
G/A 31.1 (110) 32.5 (69)
A/A 3.1 (11) 3.8 (8) 0.88
G allele 81.4 (576) 80 (339)
A allele 18.6 (132) 20 (85) 0.64

TNF �238 G/G 90.7 (321) 85.9 (176)
G/A 9.3 (33) 13.7 (28)
A/A 0 (0) 0.5 (1) 0.17
G allele 95.3 (675) 92.7 (380)
A allele 4.7 (33) 7.3 (30) 0.15

LTA +249 G/G 14.4 (50) 12.7 (27)
G/A 47.7 (166) 44.1 (94)
A/A 37.9 (132) 43.2 (92) 0.46
G allele 38.2 (266) 34.7 (148)
A allele 61.8 (430) 65.3 (278) 0.28

LTA +365 C/C 13.8 (48) 11.7 (24)
C/G 49.6 (173) 50.7 (104)
G/G 36.7 (128) 37.6 (77) 0.79
C allele 38.5 (269) 37.1 (152)
G allele 61.5 (429) 62.9 (258) 0.65

TNFRSF1A �609 G/G 39.5 (47) 35.6 (74)
G/T 46.2 (55) 52.9 (110)
T/T 14.3 (17) 11.5 (24) 0.49
G allele 62.6 (149) 62.0 (258)
T allele 37.4 (89) 38.0 (158) 0.93

TNFRSF1A +36 A/A 37.8 (45) 33.2 (69)
A/G 42.9 (51) 48.6 (101)
G/G 19.3 (23) 18.3 (38) 0.59
A allele 59.2 (141) 57.5 (239)
G allele 40.8 (97) 42.5 (177) 0.68

TNFRSF1A +1135 C/C 34.1 (45) 36.1 (75)
C/T 49.2 (65) 52.9 (110)
T/T 16.7 (22) 11.1 (23) 0.33
C allele 58.7 (155) 62.5 (260)
T allele 41.3 (109) 37.5 (156) 0.33

TNFRSF1B +676 T/T 60.9 (117) 59.6 (124)
T/G 32.8 (63) 35.1 (73)
G/G 6.3 (12) 5.3 (11) 0.84
T allele 77.3 (297) 77.2 (321)
G allele 22.7 (87) 22.8 (95) 1.0

TNFRSF1B +1663 A/A 26.0 (50) 24.6 (51)
A/G 45.3 (87) 45.4 (94)
G/G 28.6 (55) 30.0 (62) 0.93
A allele 48.7 (187) 47.3 (196)
G allele 51.3 (197) 52.7 (218) 0.72

Small variation in ‘n’ is due to a small number of persistent failures
in genotyping.

Table 4 Genotype and allele frequencies for each SNP, in ICU
survivors and nonsurvivors

% Survivors (n) % Nonsurvivors (n) P

TNF �308 G/G 60.0 (96) 75.0 (39)
G/A 35.6 (57) 23.1 (12)
A/A 4.4 (7) 1.9 (1) 0.14
G allele 77.8 (249) 86.5 (90)
A allele 22.2 (71) 13.5 (14) 0.07

TNF �238 G/G 86.5 (135) 83.7 (41)
G/A 12.8 (20) 16.3 (8)
A/A 0.6 (1) 0 (0) 0.72
G allele 92.9 (290) 91.8 (90)
A allele 7.1 (22) 8.2 (8) 0.67

LTA +249 G/G 13.7 (22) 9.6 (5)
G/A 44.7 (72) 42.3 (22)
A/A 41.6 (67) 48.1 (25) 0.66
G allele 36.0 (116) 30.8 (32)
A allele 64.0 (206) 69.2 (72) 0.35

LTA +365 C/C 11.5 (18) 12.2 (6)
C/G 50.0 (78) 53.1 (26)
G/G 38.5 (60) 34.7 (17) 0.89
C allele 36.5 (114) 38.8 (38)
G allele 63.5 (198) 61.2 (60) 0.72

TNFRSF1A �609 G/G 35.0 (55) 37.3 (19)
G/T 51.0 (80) 58.8 (30)
T/T 14.0 (22) 3.9 (2) 0.14
G allele 60.5 (190) 66.7 (68)
T allele 39.5 (124) 33.3 (34) 0.29

TNFRSF1A +36 A/A 36.3 (57) 23.5 (12)
A/G 45.2 (71) 58.8 (30)
G/G 18.5 (29) 17.6 (9) 0.19
A allele 58.9 (185) 52.9 (54)
G allele 41.1 (129) 47.1 (48) 0.30

TNFRSF1A +1135 C/C 35.0 (55) 39.2 (20)
C/T 51.6 (81) 56.9 (29)
T/T 13.4 (21) 3.9 (2) 0.17
C allele 60.8 (191) 67.6 (69)
T allele 39.2 (123) 32.4 (33) 0.24

TNFRSF1B +676 T/T 60.5 (95) 56.9 (29)
T/G 35.0 (55) 35.3 (18)
G/G 4.5 (7) 7.8 (4) 0.63
T allele 78.0 (245) 74.5 (76)
G allele 22.0 (69) 25.5 (26) 0.50

TNFRSF1B +1663 A/A 23.7 (37) 27.5 (14)
A/G 46.2 (72) 43.1 (22)
G/G 30.1 (47) 29.4 (15) 0.88
A allele 46.8 (146) 49.0 (50)
G allele 53.2 (166) 51.0 (52) 0.73

Small variation in ‘n’ is due to a small number of persistent failures
in genotyping.
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In this study, patients were recruited from eight
different ICUs in two different countries; we cannot
exclude therefore the possibility of population stratifica-
tion. As in many other studies, only Caucasian adults
were included to avoid spurious findings attributable to
ethnic differences, and, except for the proportion of
medical admissions, patient characteristics in the three
regions were remarkably similar (Table 2). In reality, the
risk of population stratification is likely to be small.45 On
the other hand, although the consensus definitions46

were strictly applied and the patients recruited were
typical of a population with severe sepsis/septic shock in
terms of age, illness severity and outcome (Table 2), it is
now well recognised that in practice these definitions
identify a very heterogeneous group of patients with, for
example, different co-morbidities and infecting organ-
isms. In this respect, it is striking that the background
mortality has varied considerably between the studies
published to date.7,24,25 It is possible, therefore, that some
of these polymorphisms may be important in certain,
more homogeneous subsets of patients, as may be the
case, for example, in relation to the development of
septic shock and consequent mortality in patients with
acute severe pancreatitis.47

The potential influence of polymorphisms of the TNF
receptors on susceptibility to, and outcome from, severe
sepsis/septic shock was also examined. The shed
portions of these receptors (sTNFRSF1A and
sTNFRSF1B) are thought to bind and ‘neutralise’
circulating TNF,29 although it has also been suggested
that the TNF receptors may act as a reservoir of TNF,
thus prolonging its activity.48 We also attempted to assess
the possible functionality of the polymorphisms studied.
As well as confirming the association between increased
circulating levels of TNF and a poor outcome from
sepsis,21,22 we found that plasma levels of both soluble

receptors were significantly higher in those who died
compared to those who survived. It is not clear
whether in this situation high sTNFR levels contribute
directly to a worse outcome by prolonging the
inflammatory response or whether the increased circu-
lating levels simply reflect an appropriate compensa-
tory response to a more severe initial insult. There was
also a strong positive correlation between increasing
soluble receptor levels and SOFA score, and in
particular with renal impairment. Given that soluble
receptors are known to be excreted by the kidney, this
is not surprising and is consistent with the findings of
an earlier smaller study.49 There was, however, no
association between TNF receptor genotype and plasma
levels of circulating receptor or outcome. The functional
role of the TNFRSF1A SNPs has not yet been
established, whereas the TNFRSF1B þ 676 SNP has
been associated with sTNFRSF1B levels50 and has been
implicated in the pathogenesis of SLE,31,32 while the
þ 1663 SNP has been associated with Crohn’s disease33

(another condition in which TNF is believed to play a
pivotal role). It would seem, therefore, that although
circulating sTNFR levels are related to outcome in
sepsis any possible influence of genotype on plasma
levels is obscured by changes caused by the nature and
severity of the acute illness, and in particular the
presence of renal impairment.

In this study, there were no associations between
outcome and the ratios of plasma TNF concentrations to
levels of the soluble receptors 1A or 1B. A high TNF/
sTNFR ratio has been associated with a poor outcome
from meningococcal disease in children,51 and burns
and trauma in adults.52 In the study by Girardin et al,
this ratio seemed to be important on hospital admission
but not 6 h later.51 The patients in our study were
recruited on the ICU after obtaining informed consent/

Table 5 Estimated haplotype frequencies for TNF/LTA, TNFRSF1A and TNFRSF1B loci, comparing ICU survivors and nonsurvivors,
P¼ 0.48, 0.44, 0.22, respectively

TNF �238 TNF �308 LTA +249 LTA +365 Survivors (%) Nonsurvivors (%)

A G A G 6.3 8.2
G A G G 22.1 13.3
G G A G 21.2 23.5
G G A C 36.5 38.8
G G G G 12.7 16.3
A G G G 0.7 0
G A A G 0.4 0

TNFSRF1A �609 TNFSRF1A +36 TNFSRF1A +1135 Survivors (%) Nonsurvivors (%)

G A C 18.2 19.6
G A T 1.6 0
G G C 40.7 47.1
T A C 1.6 1.0
T A T 37.5 32.3
T G C 0.4 0

TNFRSF1B +676 TNFRSF1B +1663 Survivors (%) Nonsurvivors (%)

G A 6.2 15.2
G G 15.3 10.3
T A 40.6 33.9
T G 37.9 40.7
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assent, and there was inevitably some delay between
hospital admission and study inclusion. Additionally,
because TNF has a short half-life and is known to be
released in pulses, peak TNF concentrations are
frequently missed. Pellegrini et al52 measured mem-
brane-associated TNF (mTNF) on stimulated monocytes
and compared this to sTNFR levels; they found that an
increased mTNF/TNFR ratio correlated with the deve-
lopment of organ failure and mortality. It is likely that
the role of mTNF is very different from that of TNF in
the circulation.

In conclusion, in patients with severe sepsis and
septic shock, plasma levels of TNF and its two soluble
receptors, sTNFRSF1A and sTNFRSF1B, were higher in
nonsurvivors than in survivors. There was no associa-
tion between individual genotype of the three gene loci
and plasma levels of the encoded proteins, illness
severity or outcome. Similarly, no association was seen
between extended haplotypes of these genes and
outcome. These findings add to the uncertainty regard-
ing the influence of polymorphisms of the TNF locus on
susceptibility to and outcome from severe sepsis
and highlight the difficulties associated with perfor-
ming candidate gene association studies in complex
polygenic diseases.

Methods

This prospective multi-centre study was conducted in
three centres: London and Oxford in the UK and Sydney,
Australia. Patients were recruited from a total of eight
different ICU (see appendix for individual centres).
The study was approved by the local ethics committees
in both countries and written consent was obtained
from patients, or written assent from next of kin as
appropriate.

Adult Caucasian patients (18–80 years) with severe
sepsis or septic shock, as defined by the American
College of Chest Physicians/Society of Critical Care
Medicine (ACCP/SCCM) Consensus Conference 1992,46

were recruited. Patients who were immunocompromised
prior to developing sepsis were excluded, including
those with known HIV, haematological malignancies
or chronic liver failure (according to the APACHE II
definition53) and patients who had recently re-
ceived chemotherapy, immunosuppressants or systemic
steroids.

Clinical information recorded for each patient in-
cluded demographic details (age, sex), past medical
history,54 details of acute illness, including ICU admis-
sion details, Acute Physiology And Chronic Health
Evaluation (APACHE II) score53 on admission to ICU
and daily Sequential Organ Failure Assessment (SOFA)
score.55 In view of the difficulty of assessing the Glasgow
Coma Score in sedated patients, the central nervous
system component of the SOFA score was excluded, thus
giving a maximum score of 20. Outcome was assessed at
ICU and hospital discharge.

Data from normal healthy Caucasian controls (n¼ 354
for TNF/LTA, 132 for TNFRSF1A and 192 for TNFRSF1B),
collected as part of previous genetic association stu-
dies,56,57 were used for comparison with recruited
patients in order to assess susceptibility to severe sepsis
and septic shock.

Blood sampling
Whole blood was collected in ethylene diamine tetra-
acetic acid (EDTA) tubes for DNA extraction from all
patients enrolled in the study. In the London arm of the
study, blood was also collected in EDTA on the day of
recruitment for measurement of plasma levels of TNF,
sTNFRSF1A and sTNFRSF1B. This was spun immedi-
ately and frozen at �401C until analysis by immunoassay
(Quantikinet, R&D Systems).

Genotyping
Nine individual polymorphisms were studied, four
within the TNF locus, three in TNFRSF1A and two in
TNFRSF1B, as shown in Figure 4. In London and Sydney,
PCR-RFLP was used for all SNP genotyping except TNF
�238, which was typed by end-labelled allele-specific
probe hybridisation. The various primers and conditions
used for each SNP are available in the online appendix.
After enzyme digestion, the PCR products were size
separated and visualised on 1.0% agarose gels. In
Oxford, analysis of these same SNPs was carried out
by PCR with sequence-specific primers (PCR-SSP). The
methods for identifying the polymorphisms of the TNF
locus and TNFRSFIB were as described previously.56,58

Similar methods were used for the TNFRSF1A SNPs, and
the primers used are shown in Table 6. Genotypes were
assigned by investigators blinded to outcome data and
were subjected to quality checks by another blinded
investigator. Equivocal results were repeated.

Haplotype analysis
Haplotypes of the polymorphisms of the three different
gene loci were estimated using the EHþ programme,59

an extension of the estimating haplotypes (EH) pro-
gramme. We investigated the possible association
of haplotypes with disease outcome using EHþ ’s

Figure 4 Position of SNPs studied in the three gene loci, including
restriction endonucleases used in RFLP assays. Clear boxes
represent exons, shaded boxes untranslated regions.
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model-free T4 statistic. This assesses the likelihood of
association under a disease model estimated over a range
of disease models varying from Mendelian recessive to
null effect and from null effect to Mendelian dominant.
Significance was assessed with a P-value obtained by
Monte-Carlo permutation methods.

Sample size and statistical analysis

Power calculations were informed by previous TNF �308
studies7,8,23–26 with regard to estimating allele frequency
and previous audits in the participating hospitals in
order to estimate mortality rates. It was calculated that in
a case–control study with a relative risk for mortality of
2.5 (overall ICU mortality of 30%) and a �308 A allele
frequency of 0.2 (frequency of G/A and A/A 0.4) 200
patients would provide 480% power to detect a
difference between the two groups with Po0.05
(two-sided P-value). (http://calculators.stat.ucla.edu/
powercalc/).

Genotype data were analysed using Fisher’s exact test.
A multiple logistic regression analysis was then per-
formed with independent variables that might influence
the outcome, that is, age, sex, type of admission, past
medical history and recruiting centre. Genotype associa-
tions were reanalysed, adjusting for those variables
found to be independently associated with outcome.

Continuous data are expressed as median (range) and
analysed using Mann–Whitney U or Kruskal–Wallis H
tests, as appropriate. SPSS (version 11) for Windows was
used for analysis.
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Appendix

Recruiting centres and personnel
UK – Barts and The London NHS Trust, JD Watson,
S Withington; Colchester General Hospital, A Timmins;
Homerton Hospital, JH Coakley; John Radcliffe Hospital,
P Hutton, P Parsons and A Smith; Southend General
Hospital, D Higgins; Whipps Cross Hospital, A Morris.
Australia – Royal North Shore Hospital, Sydney,
A Marich.
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