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Abstract
High-throughput techniques, such as genome-wide scans,
will allow genotyping of a large number of single-nucleotide
polymorphisms throughout the human genome. There is
intense interest to apply this technology to understand genetics
of complex traits, including severe sepsis. To effectively utilize
this technology, large cohorts of septic patients will have to
be recruited. Careful attention should be paid to different
aspects of study design and analyses as large, multicenter
cohorts are assembled for genome-wide association studies.

Resistance to infection and its outcomes are influenced by a
complex interplay between the host, the microbe, and the
environment. Severe sepsis occurs due to abnormalities in
the host response to infection. There is great interest to
understand whether genetic determinants of the host
response to infection are associated with poor outcomes of
infection. Identifying these genetic determinants could be
important to improve performance of current risk prediction
models. Furthermore, the pharmacogenomics of sepsis will
allow us to target immune-modulating therapies. Despite
these plausible benefits and more than a decade of research,
the role of genetic determinants in severe sepsis remains
unclear. Results of some studies have been encouraging, but
these results have not been replicated consistently in
subsequent, larger studies.

In the previous issue of Critical Care, Sutherland and Walley
provide a broad overview of gene-association studies, the
most common study design to assess genetics of infection
and sepsis [1]. The review highlights genome-wide asso-
ciation studies (GWAS), an important and emerging
technology to understand genetics of complex traits. High-
density SNP platforms by Affymetrix  (Santa Clara, CA, USA)
and Illumina (San Diego, CA, USA) allow genotyping of up to
one million SNPs. Imputation methods using linkage patterns
between SNPs genotyped using these platforms and data

from the International Hapmap project or prior results of
sequencing allow us to estimate additional unmeasured
genotypes [2]. This method increases the power and allows
comparison of results across different platforms. Up to two
million SNPs can therefore be analyzed using GWAS, which
may allow discovery of proteins that have not been studied in
the sepsis pathophysiology.

Similar to any new technology, the advantage of genotyping a
large number of polymorphisms poses unique challenges
during statistical analysis. For instance, given the sheer
number of variables that are tested, the traditional P value
cutoff points are clearly inadequate – and even P <10–6 may
include a large number of false positives [3]. Furthermore,
since the relative risk of individual polymorphisms is likely to
be small, analyzing large samples will be necessary for
GWAS. Several thousand subjects should therefore be
included in these studies. A glance at Table 1 in Sutherland
and Walley’s article shows that current studies assessing
genetics of sepsis have been much smaller [1]. Finally,
replication is critical to confirm these results – often in several
cohorts, requiring collaborations across several research
groups.

The authors have also highlighted several issues with regards
to study design and analyses that are common to gene-
association studies, including candidate gene analysis and
GWAS, and that perhaps could pose more problems as
larger samples are collected for GWAS.

First, accurately defining the phenotype is critical for any
gene-association study. If infection and severe sepsis
susceptibility and outcomes are due to gene–environment
interaction, then determining the causal organism would be
important. Limitations of current microbiologic techniques,
however, allow an accurate determination of the causative
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agent in only a small number of cases. For instance, consider
a case–control design of Gram-positive organisms causing
community-acquired pneumonia with population-based
controls used to assess pneumonia susceptibility. In such a
study, we might exclude a large number of cases that are
culture-negative and include only those with severe
pneumonia who are culture-positive. An alternative approach
would be to include cases that are identified based on clinical
syndromes, such as severe sepsis, to identify genetic
variation within proteins that are likely to play an important
role in the broader host response to infection, regardless of
the causative agent.

Second, choosing appropriate controls is important as we
assess the role of genetic variants in the spectrum of infec-
tion and severe sepsis susceptibility. For example, comparing
the distribution of the genetic variant in severe sepsis cases
and healthy, population-based control individuals may be
confounded by the effect of the genetic variant on infection
susceptibility.

Third, the population admixture could often lead to false
positive results due to association between subgroups of the
population and the phenotype [4].

Finally, an important limitation of any association study is that
it cannot establish a cause–effect relationship.

Functional studies can be conducted to understand how
genetic variants alter the host response to infection and pose
special challenges. These studies are usually conducted
either in vitro using cell culture or in vivo using transgenic
rodents, either with knockouts to assess the effect of
removing the gene or with knockins to assess the affect of
adding the gene. While both of these methods can provide
useful information to help assess the functional effects of a
polymorphism in humans, there are significant limitations to
translating this work from the bench to the bedside.

In conclusion, new technology such as GWAS has the
potential to improve our understanding of genetics of sepsis.
Large studies will have to be conducted, however, to
effectively utilize this technology. Issues that are common to
gene-association studies should not be ignored, especially
since larger, multicenter, and collaborative efforts will be
required to design GWAS studies to understand the genetic
determinants of sepsis.
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