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Abstract

Individuals with low socioeconomic status (SES) are at greater risk of
contracting and developing severe disease compared with people with higher
SES. Age, sex, host genetics, smoking and cytomegalovirus (CMV) serostatus
are known to have a major impact on human immune responses and thus
susceptibility to infection. However, the impact of SES on immune variability
is not well understood or explored. Here, we used data from the Milieu
Intérieur project, a study of 1000 healthy volunteers with extensive
demographic and biological data, to examine the effect of SES on immune
variability. We developed an Elo-rating system using socioeconomic features
such as education, income and home ownership status to objectively rank SES
in the 1000 donors. We observed sex-specific SES associations, such as females
with a low SES having a significantly higher frequency of CMV seropositivity
compared with females with high SES, and males with a low SES having a
significantly higher frequency of active smoking compared with males with a
high SES. Using random forest models, we identified specific immune genes
which were significantly associated with SES in both baseline and immune
challenge conditions. Interestingly, many of the SES associations were sex
stimuli specific, highlighting the complexity of these interactions. Our study
provides a new way of computing SES in human populations that can help
identify novel SES associations and reinforces biological evidence for
SES-dependent susceptibility to infection. This should serve as a basis for
further understanding the molecular mechanisms behind SES effects on
immune responses and ultimately disease.
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INTRODUCTION

Socioeconomic status (SES) is a measure of the relative
social position of individuals within a population. It is
determined by factors such as education, home
ownership status, income, parental status and
occupation.” SES is a strong indicator of inequalities in
health, with people from lower SES backgrounds having a
higher risk of multimorbidity, premature death, poorer
cancer prognosis and a higher risk of infection.” Many
complex social factors contribute to increased
susceptibility to ill health, such as lower health care
access, increased social isolation, higher infectious
exposure and increased smoking and alcohol
consumption rates, which makes the study of underlying
biological processes challenging.” Moreover, stress is
known to be associated with differences in the immune
response.”> The central nervous system, the endocrine
system and the immune system are closely linked by
autoregulation. The production of stress hormones
modulates the production of cytokines.”” Exposition to
chronic stress can lead to a conserved transcriptional
response to adversity involving upregulation of
proinflammatory genes and a downregulation of type I
interferon  responses.®  Similarly, adolescents with
symptoms of depression showed increases in the level of
expression of inflammation genes and a reduction in the
expression of antiviral genes.’

Low SES has been strongly associated with differences
in inflammation and chronic diseases, with higher levels
of circulating C-reactive protein (CRP), a common
inflammatory marker, consistently observed in people of
low SES.'”" Studies of macaques, which have strong
social ranking in their societies, have also provided the
strongest evidence of a direct effect of social position on
immunity independently of the compounding influences
in human studies.'” For example, high SES macaques
have significantly higher levels of cytotoxic T cells, and
therefore, lower CD4*/CD8* ratios compared with lower
SES macaques. Interestingly, changes in SES status within
the group were mirrored by changes in gene expression
within T helper cells and natural killer cells, suggesting a
plasticity in the effect of social status on immune
responses. Although these studies are highly informative,
social hierarchy in primates is determined by direct
individual-to-individual interactions in contrast to SES
in humans, which is determined more indirectly at a
societal level and includes additional social factors as
highlighted above.

This diversity of SES parameters can make the
concept challenging to study in humans. To address
some of these limitations, we utilized a well-established
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human cohort study, the Milieu Interieur (MI) cohort."
Critically, the cohort is balanced in terms of age and
sex, and donors were defined as healthy, based on an
objective list of inclusion and exclusion criteria. The
cohort reflects the general French population without
extremes of income.'” Within this cohort, we combined
three SES features, namely, educational attainment,
home ownership status and income, to generate an Elo
ranking system of multiple pairwise comparisons that
defined the relative socioeconomic position of each
individual. By analyzing diverse Milieu Intérieur data
sets according to SES, we demonstrate a significant
effect of SES on immune response variability within a
healthy human population.

RESULTS

Computation of the socioeconomic ranking of
individuals in a cohort of 1000 healthy donors

Applying the Elo rating system (as described in the
“Methods” section) to the Milieu Intérieur cohort
highlights socioeconomic disparities regarding age. There
is a peak in density for lower Elo for the 20-30-year age
bracket while the other age ranges have similar
distributions (Figure le). Because of this disparity, we
excluded the 20-29-year age range in the models to avoid
any bias related to age. No significant differences in Elo
levels were found between the sexes (Figure 1f).

The age disparity observed in Elo can be explained by
proportional differences for each of the SES variables of
interest as a function of age within the Milieu Intérieur
cohort. There is a peak in proportions for salaries
between €0 and €1000/month among donors aged 20 to
29 years. For salaries between €2000 and €3000/month or
€3000 and €4000/month, the proportions are higher for
donors over the age of 30years. In addition, the
proportions for higher incomes (over €4000/month)
increase slightly with age (Figure 2a). Similarly, for
housing, there is a peak in the proportion of leasers in
the 20-29-year age bracket. For donors over the age of
30years, the proportion of homeowners is higher than
that of leasers (Figure 2b). By contrast, for education
levels, there is a greater disparity between donors in the
20-39-year age bracket and those over 40 years. In fact,
the proportion of donors with a technical degree or
third-level education is higher among donors aged
between 20 and 39years. There is also a higher
proportion of people who have completed less than
secondary school for donors over the age of 40 years
(Figure 2c).
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Figure 1. Measure of the socioeconomic status (SES) in the Milieu Interieur (MI) cohort by integration of educational attainment, home
ownership status and income in an Elo rating system. (a) The process to compute Elo for the MI donors where two individuals are randomly
selected to make a pairwise comparison based on three SES features. After the comparison, the individuals with the highest SES gain Elo,
whereas the others lose Elo. An example of two individuals from the MI cohort (subject IDs 57 and 923) is shown. (b) lllustration of Elo
difference calculated between two individuals. (c) Evolution of Elo for 10 randomly selected donors of the MI cohort across the 500 simulated
duels. The evolution of the two individuals used for the example in (b) is displayed. (d) Distribution profile of the Elo of MI depending on SES
rank. (e) Elo distribution grouped by age of Ml donors. (f) Elo distribution according to sex. N =464 females and 460 males.

Sex-specific SES associations

To assess the impact of the SES on immune responses,
we first looked at the level of CRP. This is an acute-phase

protein secreted by the liver that is increased during
inflammation or chronic infections. It has been shown
that lower SES is associated with higher CRP levels, and
therefore, a higher level of inflammation.'® However,
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Figure 2. Socioeconomic feature distribution according to age within the Milieu Intérieur cohort. (a) Distribution of net family household income
(in euros per month as reported in 2012). (b) Distribution of the home ownership status of the donors. (c) Distribution of educational
attainment. N =924.
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Figure 3. Sex-specific socioeconomic status (SES) associations with C-reactive protein (CRP), SES and smoking status. (a) Forest plot of the linear
model results for the effect of SES on CRP level (SES rank used as the reference in the model is indicated in italics). (b) Comparisons of
distribution between cytomegalovirus (CMV) serostatus and SES (female P=0.026, male P=0.92). (c) Comparisons of distribution between the
smoking status of Milieu Intérieur donors and their SES (female P=0.11, male P=0.014). N =376 females and 376 males.

Here the donors are healthy, and thus, the detection of
differences in the level of an acute phase protein can
become complex. We next looked at the frequency of

with the Milieu Intérieur cohort, such association was not
observed (Figure 3a). This could be explained by the fact
that this cohort had a strict inclusion/exclusion criteria.
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latent cytomegalovirus (CMV) infection for each SES
category, given its well-described impact on immune
variability.'* This analysis revealed a significantly
(P=0.026 Pearson’s x> contingency table test) higher
CMV seropositive status for women of lower SES
(Figure 3b). However, for men, there was no association
(P=0.92) between CMV seropositivity and SES
(Figure 3b). Similar results were observed when adjusting
for age in logistic regression models (P=5.1x10"" for
females and P=0.44 for males). We also assessed
smoking status for associations with MI donors’ SES.
This choice was motivated by the fact that smoking status
is known to influence several immune parameters in the
cohort.'>'® We found a significant association between
smoking status and SES of men (P=0.014). Men with
lower SES were more likely to be active smokers than
those with medium or higher SES (Figure 3c). However,
this association was not found for women (Figure 3¢;
P=0.11). It is important to note that the distribution of
smoking status is uneven because the majority of female
donors are nonsmokers, whereas for men it is more
balanced. However, these results show that SES can be
associated with other environmental factors that also
affect immune variability, and these associations are often
sex specific.

Immune cell phenotypes and SES

To identify potential associations between immune cell
phenotypes and SES, we performed linear regression
models. In this analysis, among the 166 immune cell
phenotypes studied, only one phenotype appeared to be
significantly associated with SES, and in males only
(Figure 4a, b). Specifically, the Mean Fluorescence
Intensity (MFI) of CD38 in memory B cells in males was
associated with the Elo variable (fy, =0.12, P=0.003;
Figure 4b). However, no significant associations were
found for females for both counts and MFI. These results
are consistent with the differential sex effects of SES, but
overall, they suggest that the SES effects on immune cell
phenotypes in a healthy context are relatively limited.

Immune gene expression associated with SES

Given the lack of SES effects on baseline immune cell
phenotypes, we next assessed whether SES may impact
induced immune responses after standardized whole
blood microbial stimulation with transcriptomic data
generated using NanoString gene arrays.17 To test for
potential SES effects, individual gene expression data
were integrated into random forest models.'® The
random forest models integrate a set of variables as
described in the “Methods” section. These include cell

Socioeconomic status effect on immunity

subset counts, which are the variables that we previously
showed contribute the most to the variability of the gene
expression profiles.'”” Regardless of sex and the
stimulation, cell count data have the highest percentage
of increase in mean squared error (%IncMSE) compared
with the other variables integrated into the models
(Figure 5a, c, e). The only factor that showed a higher
importance for explaining gene expression than cell types
(CD8b*, B cells, monocytes and Effector Memory CD4%)
was age in females for the influenza A virus stimulation
condition (Figure 5e). After the major contribution of
cell types, we found that age, CMV serostatus and CRP
levels were associated with immune gene expression with
associations for both males and females. These
observations were consistent with previous observations
because age and CMV are known to be associated with
gene expression and cell composition.'>'”

Interestingly, SES as calculated by Elo is one of the
variables most associated with gene expression with
the same contribution as CRP levels or CMV serostatus in
women in the null unstimulated condition. After
Escherichia coli and influenza A virus stimulations, SES was
also associated with gene expression profiles, although to a
lesser extent. However, these associations were not
observed for males where SES had a negative overall %
IncMSE, indicating a lack of effect. These results suggested
a sex-specific impact on immune responses for SES. To
better understand this phenomenon, we also assessed the
%IncMSE values on a gene-specific level. In the null
unstimulated control condition, we found that 68 immune
genes had a %IncMSE for Elo greater than 5% for women,
whereas for men, we found only 16 immune genes
(Figure 5b). These differences in proportions were
significant through Pearson’s y° contingency table test
(X2 P = 7.2 x 107°). Similarly, after E. coli stimulation, we
found 46 immune genes for which the %IncMSE for Elo
was greater than 5% for women, and 17 immune genes for
men (Figure 5d). The associated y* contingency table test
showed statistically significant differences in these
proportions between men and women (P = 2.8 x 1074).
Besides, upon influenza A virus stimulation, we found 36
immune genes with a %IncMSE for Elo greater than 5%
for women and 20 immune genes for men (P =0.0041;
Figure 5f). These results suggest that specific immune genes
are associated with the SES of the donors in the cohort. In
addition, the difference in the proportion of genes with an
importance greater than 5% between men and women
suggests a sex specificity for SES effects on immunity.

DISCUSSION

In this study, we applied a systems immunology
approach to integrate data from a cohort of 1000 healthy
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Figure 5. Sex stimuli specificity in immune response genes according to the socioeconomic status. (a, d, e) Overall importance (mean of %

INcMSE over all the genes) of variables with a positive %IncMSE. (a) Null unstimulated, (c) Escherichia coli stimulation, (e) influenza A virus

stimulation. (b, d, f) Importance of Elo in explaining the distribution of gene expression levels. Here, the genes for which Elo presented a %
INcMSE > 5 for either men or women are shown. (b) Null unstimulated, (d) E. coli stimulation, (f) influenza A virus stimulation. Females are

represented in red and males in blue. N =376 females and 376 males. %IncMSE, percentage of increase in mean squared error. BMI, body mass

index; CMV, cytomegalovirus; CRP, C-reactive protein; SES, socioeconomic status.
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individuals to assess the potential impact of SES on
immune response variability. Using a new way to
compute SES in humans and integrating age, sex, CMV
seropositivity and CRP levels with transcriptomic data on
560 immune genes after microbial stimulation, we
identified a significant impact of SES on transcript levels
after specific immune stimulations. The associations
found between the genes and SES varied widely according
to the sex of the donors. These results support a sex
stimuli specificity in the associations between gene
expression and SES. Most of the SES-associated genes
identified in this study are not located on the sex
chromosome. Among the stimulations, only four X
chromosome genes were found to be associated with SES
for females (BCAP31, CD40LG, CXCR3 and G6PD). The
underlying processes explaining such differences may be
related to sex hormones. Indeed, it has been observed
that in men, a reduced immune response was partially
associated with a higher level of testosterone."
Altogether, complex potential interactions between
gender-associated social effects, sex hormones and
immunity should be considered in future studies.

In line with this point, our Elo ranking system allowed
us to identify significant associations between CMV
seropositivity and SES in women, and between smoking
status and SES in men. We found that active smokers of
the MI cohort were associated with lower SES, as
previously observed in other cohorts.””*" The observations
on CMYV prevalence associations with sex and SES are also
consistent with other studies identifying a higher rate of
CMV infection in women and people with lower SES.*
This may reflect increased interactions between women
and young children who are a likely source of
transmission, especially in lower SES categories.”> As we
did not observe the same gene expression differences in
men, this suggests that sex-differential SES effects could be
a result of either hormonal differences or other
unidentified gender social effects. Moreover, associations
between immune cell phenotypes and SES were only
found for a very specific phenotype (MFI of CD38 in
memory B cells) for males. Thus, this analysis revealed a
very limited effect of SES on immune cell phenotypes in
a healthy context, although the limited associations
observed were sex specific.

Random forest identified several genes that are
associated with SES in the Milieu Interieur cohort. In the
null condition in females, several genes involved in
the type I interferon antiviral immune response were
identified as being impacted by SES, including
SERPING]I, IFIHI, STATI, IFI35 and CXCLI11. These type
I interferon pathway associations were not seen in males.
There are well-documented sex differences in the type I
interferon antiviral system which may explain the
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disparity in SES-type I interferon associations between
the males and females.”>** In response to stimulation
with the influenza A virus, many natural killer cell-
related genes appear to be associated with SES in females,
including KIR3DL2 and IL-15. However, it should be
noted that these random forest models do not provide
any direction on the differences observed, thus limiting
the biological interpretation of these results.

SES in humans is a complex phenomenon with many
confounding variables, making it challenging to study.
For example, while occupation or income is highly
relevant to determining the current SES of an individual,
it can also depend on previous social positions. In the
same way, education and parents’ occupation are also
important SES features because of their strong impact on
the future SES of an individual. Moreover, an indicator
such as education will likely be stable after a certain age,
whereas employment, home ownership status or income
can vary throughout the life of an individual.>>*®
Therefore, there is a need to combine these indicators to
characterize SES at different stages of life. This variation
in SES raises questions about the potential plasticity and
reversibility of SES on the immune response. To answer
these questions, longitudinal studies that incorporate such
factors are required.

Our study contains certain limitations, for example,
the Milieu Intérieur cohort only consists of healthy
donors, which may potentially create biases in the study
of SES. For example, people with lower SES are more
prone to illness and infection, and therefore, the selection
of donors based on health status will reduce the range of
SES within the cohort. However, this approach removes
the potential confounding impact of illness, making it an
ideal setting to assess moderate SES effects on immunity
within a general population. This is supported by the
novel SES immune associations identified in this
study. Future studies will try to further uncover the
underlying mechanisms with the integration of unbiased
transcriptomic and epigenetic data sets. A deeper
understanding of how low SES negatively impacts
immunity could identify new approaches for improving
the public health of neglected and vulnerable populations.

METHODS

Human samples

Human samples are from the Milieu Intérieur cohort, which
was approved by the Comité de Protection des
Personnes-Ouest 6 on June 13, 2012, and by the French
Agence Nationale de Sécurité du Médicament (ANSM) on
June 22, 2012. The study is sponsored by Institut Pasteur
(Pasteur ID-RCB Number: 2012-A00238-35) and was
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conducted as a single-center interventional study without an
investigational product. The original protocol was registered
under ClinicalTrials.gov (study# NCT01699893). The samples
and data used in this study were formally established as the
Milieu Intérieur biocollection (NCT03905993), with approvals
by the Comité de Protection des Personnes — Sud
Méditerranée and  the  Commission  Nationale de
I'Informatique et des Libertés (CNIL) on April 11, 2018.
Donors gave written informed consent. The 1000 donors of
the Milieu Intérieur cohort were recruited by Biotrial (Rennes,
France) and were composed of “healthy” individuals of the
same genetic background (Western European) and to have 100
women and 100 men from each decade of life, between 20 and
69years of age. Donors were selected based on various
inclusion and exclusion criteria that were previously
described.’> Donors were required to have no history or
evidence of severe/chronic/recurrent pathological conditions,
neurological or psychiatric disorders, alcohol abuse, recent use
of drugs, recent vaccine administration and recent use of
immune-modulatory agents. To avoid the influence of
hormonal  fluctuations in  women, pregnant and
perimenopausal women were not included. The recruitment of
donors was restricted to individuals whose parents and
grandparents were born in Metropolitan France and who had
no family relationships which minimizes genetic stratification.

Measuring socioeconomic status with Elo ranking

Using income, educational attainment and home ownership
status information obtained from the electronic case report
form, the SES of MI donors was measured with an Elo
rating system.'>”” This choice was motivated by the ability of
such a process to combine several SES features to establish
an objective SES ranking within the cohort, instead of
integrating these variables separately in models or computing
an arbitrary SES score. To compute the Elo for each donor,
pairwise comparisons were performed based on their
educational attainment, income and home ownership status.
The algorithm was encoded as follows. First, Elo is initialized
at 1000 for each donor. Then, two individuals are randomly
drawn without replacement until there is no longer any
possibility of a match. Each pair of individuals undergoes
pairwise comparisons based on the previously selected SES
features. For each SES feature, the individual with the
highest level gets a point and if the compared individuals
have the same level, none of them get a point. After the
comparisons, the individual with the most points “wins”
the interaction, and therefore, gains Elo, whereas the other
loses Elo. In case both individuals of the pair have the same
number of points, no Elo is gained or lost. For example, in
Figure la, the pairwise comparison shows that donor 923 has
the same level of education but a higher level of income and
home ownership status. This individual has 2 points,
and therefore, wins the interactions and gains Elo. This
whole process is repeated 500 times (Figure la). The gain
and loss of Elo are weighted by the expected outcome of the
match. The win probability function is given as follows:

Socioeconomic status effect on immunity

1
P:teR»— €]0,1] (1)
1—10m*
where t is the Elo difference between the two contending
individuals (Figure 1b).
Let P be the win probability of Individual; over Individual,,
then their corresponding Elo ratings are updated as follows:

Elo; =Elo; + (1-P)k
Elo; = Eloj—(1-P)k
(2)
Flo; = Elo;—Pk
Elo; = Eloj + Pk
(3)

In these formulas, k is a constant adjusting the Elo winning
rate. Here, we fixed k=50 such that in the case of Elo
equality between individuals before the interaction, the
gain/loss of Elo will be £25. For example, if the interaction
between individual 923 and 57 occurs at the 100th duel, at
this step, SUBJ0923 has an Elo of 1209.4081 and SUBJ00057
has 760.1367. The difference of Elo between these two
individuals equals approximately 449 (Figure 1b). Such a
difference corresponds to a win probability of 0.93. Therefore,
after the interaction, and according to the formulas
[Equations 2 and 3], individual 923 would gain 46.5 of Elo
and individual 57 would lose the same amount. The use of
weighting in the calculation of the Elo allows an adaptive
evolution of the Elo and decreases the slope of the Elo
evolution over the course of the duels (Figure 1c). After each
individual undergoes 500 interactions, a stable ranking of the
Elo rating system is obtained: individuals from a higher SES
have a higher Elo and vice versa. This stable ranking allows
the cohort to be divided into three balanced SES categories
that will be used later for Pearson’s contingency x> test
(Figure 1d).

If Individual; won over Individualj{

If Individual; won over Individuali{

Pearson’s %> contingency table test

Pearson’s x> contingency table tests were performed on MI
donors to determine whether there was a dependence between
their CMV serostatus and SES. The contingency table
contained information about the number of CMV seropositive
individuals from low, mid and high SES and the number of
CMV seronegative individuals from low, mid and high SES.
The same approach was performed to test the dependence
between the MI donors’ smoking status (as self-reported by
the donors in the electronic case report form) and their SES.
Similarly, the contingency table included the number of
nonsmokers, ex-smokers and smokers for each of the SES
ranks. The Pearson’s ¥ contingency table test was also used to
assess the number of immune genes associated (5% increase in
the MSE threshold) or not with socioeconomic factors
depending on sex. The contingency tables report the
number of genes in each subcategory and Pearson’s
chi-squared tests report the significance of the difference
between the proportions.
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Logistic regression

In addition to Pearson’s y* contingency table tests, logistic
regression models were used to compare the CMV
seropositivity status and SES of the donors while correcting
for age [Equation 4]. This choice was motivated by the fact
that a variable such as seropositivity to a virus is age
dependent. The older a person is, the greater the risk of
exposure to a virus.

P(CMV_ |Elo and Age)
o
& 1—P(CMV, |Elo and Age)

= ﬁO + BEIOEIO + ﬁAgeAge
(4)

Linear models

Linear models were performed to assess the dependency
between CRP level and SES. The SES variables, as measured by
Elo, were used in the categorical forms (low, mid and high).
High SES was set as the reference for the model and was
compared with both mid and low SES. In the first model, age
and CMV serostatus are used as covariates alongside with the
SES rank. Age is used as a numeric variable and CMV
serostatus is a categorical variable, where CMV negative is
used as a reference [Equation 5]. Other models were
performed using, respectively, smoking status, body mass
index and alcohol consumption as covariates in addition to
the variables used in the first model. For smoking status,
nonsmoker is taken as a reference for the models, body mass
index is a numeric variable and for alcohol consumption
frequency, never is taken as a reference.

log (CRP) = B, + PageAge + Bemy,, CM Vios (5)
+ Bsgs,,, SEStow + Bsgs, ., SESmia

A similar type of model has been used to test eventual
associations between SES and immune cell phenotypes. A total
of 166 immune cell phenotypes were fitted with a linear
regression model to SES, adjusting for age and CMV
seropositivity [Equation 6].

log (Immune Cell Phenotype)

(6)
=Po + PageAge + Bemv,,, CMVpos + PrioElo

Random Forest models

Random forest models'® were used to select features and to
assess their importance regarding immune gene expression.
This can be measured using the %IncMSE for a given
feature.”® The higher the value, the more important the
feature is for explaining the distribution of the model’s target
variable. As applied here, we tested the importance of the SES
(as measured by Elo) of Milieu Intérieur donors to explain
immune gene expression levels. We used the random forest
approach in two steps. The first one determined which
immune cell types most influence the gene expression profiles.
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To test for sex stimuli-specific effects, each random forest
model was performed separately according to sex and for each
of the nine immune stimulations. For each sex-stimulation
pair, each immune gene transcript level was fitted on the
count values of 75 blood cell subsets, and the 10 cell types
with the highest mean of increased mean square error
(%IncMSE) over all the genes were kept for the second step.
In the second step, transcriptomic data were integrated with
socioeconomic features (Elo, job status, parental status,
marital status, place of residence and birth town), smoking
status, alcohol consumption, age and sex, and the models were
adjusted with biological variables (CMV serostatus, CRP level
and the most contributing cell types). Then, for each
sex-stimulation pair, the expression level of each gene was
fitted to the variables of interest highlighted in Figure 5. The
hyperparameters of the models were set according to the R
documentation for the number of variables randomly sampled
at each split (i.e. 25 for the first step and 7 for the second
step) using the mtry parameter” and the number of trees was
set at 1000 for both steps. Random forest models were chosen
to test and catch potential nonlinear relationships between
variables because it is known that upon some stimulations,
genes have a nonlinear association with other variables (e.g.
the effect of age on influenza A virus').

Code availability

All the scripts related to this study were written in R/4.2.1 and
Python/3.8 and have been deposited on GitLab: https://gitlab.
pasteur.fr/abertran/SESimmune.

Immunological data sets

Flow cytometry'® and NanoString (Nanostring, Seattle, WA,
USA) gene expression'” data sets have been previously
described. For whole blood immune stimulation data sets
(TruCulture, Rules Based Medicine, Austin, TX, USA), we
focused on the influenza virus (HIN1) as a model to study
viral immunity and E. coli to study bacterial immunity, in
addition to the Null unstimulated control condition.
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