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The role of genetics and antibodies in sepsis
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Abstract: During the course of sepsis when immunosuppression predominates, the concentrations of circulating
immunoglobulins (IGs) are decreased and this is associated with adverse outcomes. The production of IGs as
response to invasive bacterial pathogens takes place through a complex pathway starting from the recognition of the
antigen (Ag) by innate immune cells that process and present Ags to T cells. The orchestration of T-helper (Th)
lymphocyte responses directs specific B cells and ends with the production of IGs by plasma cells. All molecules
implicated in this process are encoded by genes bearing single nucleotide polymorphisms (SNPs). Meta-analysis of
case-control studies have shown that the carriage of minor frequency SNPs of CDI4, TLR2 and TNF is associated
with increased sepsis risk. The ambiguity of results of clinical trials studying the clinical efficacy of exogenous IG
administration in sepsis suggests that efficacy of treatment should be considered after adjustment for SNPs of all

implicated genes in the pathway of IG production.
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Introduction binding lectin pathway are the innate elements of the

o ) ) complement system, which are complemented by the
Sepsis is a heterogeneous, life threatening syndrome that . . , . . .

classical, antibody-dependent C’ system in dealing with
most infectious threats. It is postulated that during the

progression of sepsis the host is not able to produce an

can affect young and otherwise healthy people and elderly
with a variety of co-morbidities. The heterogeneous nature

of this disorder is better reflected by the difficulties in
framing a consistent definition. Current opinion suggests
that due to the existing heterogeneity sepsis definition
should reflect the complex pathophysiology of sepsis. As
such, sepsis is nowadays recognized as a life-threatening
organ dysfunction(s) that is caused by the dysregulated
response of the host to an infection (1).

The innate immune system is the first line of defense
against infections yet often collaborates with adaptive
immune responses to protect the host. For example, the
alternative complement (C’) pathway and the mannose-
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adequate amount of immunoglobulins (IGs). This generates
the hypothesis that exogenous replacement of IGs may be
a candidate therapy (2). However, the production of I1Gs
is governed by the coordination of T- and B-lymphocytes
whatever may differ according to the genetic make-up of
the host.

This current review highlights the evidence on how
the genetic diversity of the host may have an impact on
the production of IGs but also how this may affect the
response of the sepsis host to the exogenous administrations
of antibodies. Exogenously administered antibodies may
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largely be either Ig of classes G, M and A or recombinant
antibodies targeting specific structures of the host or the
pathogens.

IGs and sepsis pathogenesis

While the exact pathophysiology of sepsis remains largely
unknown, a variety of factors interfere to modulate the
response of the host to an infectious stimulus and this has
direct implications both on clinical severity and outcome.
Using a largely simplistic scheme, it is postulated that sepsis
starts after recognition of well-evolutionary conserved
microbial structures called pathogen-associated molecular
patterns (PAMPs) by pattern recognition receptors (PRRs)
of the innate immune system. The interaction between
PAMPs and PRRs leads to the production and subsequent
release of pro-inflammatory and anti-inflammatory
mediators that orchestrate the clinical state of the host.
Key effector cells in the PAMP-PRR interaction are Ag-
presenting cell that through the activation of major human
leukocyte antigen II (HLA) and co-stimulatory molecules
like CD86 activate naive T cells into T-helper (Th) cells
either with pro-inflammatory properties (Thl and Th17
cells) or into T cells with anti-inflammatory properties (Th2
and T regulatory cells) (3). These Th cells through the
production of cytokines, mainly tumor necrosis factor-alpha
(TNFa) and interleukin (IL)-6, stimulate the maturation,
clonal expansion and differentiation of B-lymphocytes
into plasma cells that release IGs (4). The most important
IGs are the subclasses of IgG that form dimers and IgM
that forms potent polyvalent pentamers with ten binding
sites. IgM antibodies are the first to be produced upon
recognition of an unknown Ag followed by IgG production
upon generation of immune memory.

It is currently conceived that patients with sepsis can
be grouped into four categories regarding the intensity
of the inflammatory phenomena they experience: those
with predominant pro-inflammatory responses usually
found when sepsis develops in a young otherwise healthy
individual; those with predominant anti-inflammatory
responses usually developing in immune suppressed
individuals; those with fluctuating pro- and anti-
inflammatory responses usually developing in healthy
individuals where the infection source is not adequately
controlled; and those starting with pro-inflammatory
responses followed by an anti-inflammatory course which is
the typical sequence of events in the majority of patients (5).
Anti-inflammation is characterized by failure of the immune
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system to respond adequately to a bacterial stimulus.
At that time course, lymphopenia predominates part of
which involves B-lymphocytes and subsequent the reduced
capacity for adequate production of IGs (6).

Several recent studies suggest that circulating IGs
are decreased when sepsis emerges. The first small
study enrolled 21 patients with septic shock; 16 had
hypoglobulinemia. These patients could be classified into
those with selectively low IgG, into those with selectively
low IgM and into those with combined low IgG and
IgM (7). In a study of 62 patients, 61% low IgG, 40% had
low IgM and 4% of patients had low IgA at the start of
septic shock (8).

"Two recent large studies coming from Spain analyzed
immunoglobulin levels in sepsis. The first study in
172 patients was a multicenter, prospective study from
nine hospitals. Concentrations of IgG, IgM and IgA were
measured on the first day of severe sepsis or septic shock.
Using cut-offs of 300 mg/dL for IgGl, 35 mg/dL for
IgM and 150 mg/dL for IgA, all patients were classified as
below or above this cut-off. Then using logistic regression
analysis, three immuno-scores were described to be
associated with unfavorable outcome: (I) all three IgG1,
IgM and IgA below the cutoffs with odds ratio 5.27 for
death; (II) both IgG1 and IgM below the cutoffs with odds
ratio 3.10 for death; and (III) both IgG1 and IgA below
the cutoffs with odds ratio 4.10 for death (9). A total of
171 patients with community-acquired pneumonia (CAP)
were enrolled in the second multicenter study. It was found
that low subclasses of IgG were mostly associated with
disease severity (10).

The largest study conducted so far involved the
measurements of IgM in 332 Greek patients by the Hellenic
Sepsis Study Group (www.sepsis.gr). A total of 41 patients
had systemic inflammatory response syndrome (SIRS)
due to acute pancreatitis, 100 uncomplicated sepsis, 113
severe sepsis and 78 patients had septic shock. Circulating
IgM measured within the first 24 hours was significantly
decreased in uncomplicated sepsis and septic shock but
not in severe sepsis in comparison with healthy controls.
Repeated measurements showed decrease of IgM the first
24 hours of transition from severe sepsis into septic shock.
For patients with septic shock, daily IgM measurements
were done, starting from the first 24 hours from
vasopressors for another 6 days. The body distribution of
IgM reflected by the area under curve of IgM over the entire
time of follow-up was significantly greater in survivors than
in non-survivors both when censoring was done on day 28
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Figure 1 Candidate genes affecting antibody responses in sepsis. The series of events from antigen presentation to antibody production is

shown. Implicated proteins are encoded by genes that bear SNPs that are candidate to modulate the production and function of IGs. IGs can

feed back via the Fc component of IgG to modulate the state of activation or inhibition of antigen (Ag) presenting cells by interactions with

Fc receptors. SNPs, single nucleotide polymorphisms; HLA, human leukocyte antigen II; IGs, immunoglobulins; Fc, crystallizable fragment

of immunoglobulin; IL, interleukin; PRR, pattern recognition receptors; Th, T-helper; TNFo, tumor necrosis factor-alpha; Fab, fragment

antibody binding; FcyR, Fc gamma receptor; TGFB, transforming growth factor beta.

or on the day of hospital discharge showing a great body
deficit of IgM linked with unfavorable outcome (11). This
deficit in the body distribution of IgM was also associated
with failure of ex vivo stimulation of circulating lymphocytes
by the universal lymphocyte agonist phytohemagglutin for
the production of IgM.

A recent study on the transcriptional activity of peripheral
blood leukocytes of patients with CAP hospitalized in an
ICU comprised a discovery cohort of 265 patients and a
validation cohort of 106 patients. Results showed down-
regulation of pathways associated with activation of both T-
and B-lymphocytes (12). These gene profiles are in keeping
with our above findings of anergy of lymphocytes of sepsis
patients for the production of IgM (11).

A genetic perception on pathogenesis

However, not all patients with sepsis develop a clinical
condition of the same severity. This is partly due to the fact
that the quantitative characteristics of the PAMPs and PRRs
interaction are not similar in all patients. However, it may
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even be the case that the qualitative characteristic of this
interaction is largely different between patients. PRRs and
mediators of inflammation are mostly protein molecules
encoded by genes. Gene nucleotide sequences may differ
within hosts and these single nucleotide polymorphisms
(SNPs) may theoretically elicit a different constellation of
host-microbe interaction and impact on clinical outcome
(Figure ). According to this hypothesis, SNPs residing on
each of the following structures may affect susceptibility to
sepsis or sepsis outcome:

(I) PRRs on Ag presenting cells: PRRs, namely Toll-like
receptors (T'LRs) and triggering receptor expressed
on myeloid cells (TREMs) are directly stimulated
by microbial PAMPs ending in the production of
cytokines. Some TLRs like TLR4 interact with
CD14 for the binding of lipopolysaccharides (LPS)
of Gram-negative bacteria. During the state of sepsis
immunosuppression, the expression of HLA and co-
stimulatory molecules like CD86 is decreased (13);

(II) Cytokines: cytokines like pro-inflammatory
molecules TNFa, IL-1 beta, IL-12, type 1 and
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Table 1 Most broadly described SNPs associated with susceptibility to sepsis in case-control studies and meta-analysis

Ref. SNP Affected molecule Nucleotide transition Function Effect
(16) rs4986790 Asp299GiIn
TLR4 A/G and C/T No effect on susceptibility for sepsis
rs4986791 Thr399lle
(10) rs2569190 CD14 (672) —159 promoter position 1 susceptibility to septic shock
(12) rs5743708 TLR2 AG Arg753GIn 1 susceptibility to sepsis
17) rs1800629 TNFa G/A —308 promoter region 1 susceptibility to septic shock; no
mortality effect
(18) rs1800795 IL-6 G/C —176 promoter region Questionable effect on sepsis risk

SNPs, single nucleotide polymorphisms; TNFa, tumor necrosis factor-alpha; IL, interleukin.

2 interferons, and predominately anti-inflammatory

cytokines like IL-4, IL-10, and transforming

growth factor beta (TGFp);
(III) IGs and their receptor binding sites found on the
crystallizable fragment of immunoglobulin (Fc) of
IG bind to receptors expressed on Ag presenting
cells, phagocytes and natural killer cells. Fc
gamma receptors (FcyRs) can mediate activation
signals via one of five activation receptors (FcyRI,
FcyRIla, FeyRIle, FeyRIIIa, and FeyRIIIb) or the
inhibitory Fc receptor FeyRIIb. The activating Fc
receptors possess an immunoreceptor tyrosine-
based activation motif (ITAM) in their intracellular
domain. The ITAM activates the SRC family
of kinases and spleen tyrosine kinase (14). In
contrast, the inhibitory FcyRIIb contains an
immunoreceptor tyrosine-based inhibitory motif
(ITIM) in its intracellular domain that features
an activation site for the SH2 domain-containing
inositol 5’ phosphatase 1 (SHIP-1) that down
regulates intracellular signaling cascades (14).

Commenting on available methodologies

Research on the importance of SNPs for susceptibility to a
disorder may follow three types of experimental approach:
(D) case-control studies; (II) genome-wide association studies
(GWAS); and (II) whole exome sequencing (WES) studies.
The exome is the entire array of coding sequences for
transcription and translation into protein products. Case-
control studies are based on the comparison of the frequency
of a candidate gene between patients having the disorder
under study and matched controls. Once statistical difference
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is disclosed, the finding should be validated by multivariate
logistic regression analysis taking into consideration disease
severity and patients’ co-morbidities. Two major limitations
of case-control studies in sepsis should be recognized: (I)
the source of controls being in some studies healthy people
and in other studies critically ill patients; and () the lack of
consideration that protein molecules are under a dynamic
interaction and their end result may be confounded by a SNP
of a protein participating in the same or parallel pathway as
the protein under study. To overcome this hurdle, GWAS
studies are running a broad constellation of SNPs on a
predefined SNP chip. The limitation of GWAS is that not
all SNPs can be included in a single chip. WES takes into
account the analysis of the nucleotide sequencing of the
entire host exome.

"The vast majority of studies in sepsis are case-association
studies of candidate SNPs. Only one GWAS has been
published so far on patients with CAP (15); no WES has

been published so far in sepsis patients.

Modulation of sepsis pathogenesis by the
genetic background

This manuscript refers to the available evidence of the
biological role of SNPs of (I) PRRs on Ag-presenting cells;
(I) cytokines and (III) IGs on susceptibility to sepsis and
sepsis outcome. The SNPs for which most of available
evidence is repetitive and robust are summarized in Tible 1.

PRRs

The most broadly studied SNPs are those of the TLR4 gene
encoding for TLR4 that is the receptor of LPS. The best
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described SNPs are rs4986790 that causes a substitution
of aspartic acid by glycine at amino acid position 299
(Asp299Gly) and rs4986791 that causes the substitution
of threonine by isoleucine at amino acid position 399
(Thr3991le). In the Caucasian populations these SNP
alleles exist as a haplotype on the same chromosome and
they do not affect cytokine production. However, African
populations bear haplotypes composed of the SNP allele at
position 299 and of the wild-type allele at position 399. This
haplotype is associated with high production of TNFo from
monocytes after LPS stimulation (19). This is considered
to be an evolutionary characteristic offering survival benefit
among African populations against malaria. A meta-
analysis of 17 case-association studies mostly conducted
in Caucasian populations has failed to show any impact of
TLR4 SNPs on susceptibility to sepsis (16). However, in
Chinese Han patients one TACCCG haplotype has been
described that is associated with 1.59 odds ratio for sepsis
acquisition (P=0.006). This haplotype consists of rs10759932
T/C, rs11536879 A/G, rs12377632 C/T, rs1927907 C/T,
rs11536889 G/C and rs7873784 G/C (20). The salient SNP
in this haplotype seems to be rs11536889 since presence of
only G alleles was found in Chinese patients to be associated
with greater sequential organ failures assessment (SOFA)
scores for renal, liver and coagulation function. However,
overall survival compared to patients bearing at least one C
allele remained unchanged (21).

As mentioned, prior to TLR4 binding LPS is attached
to CD14. The broadest studied SNP of CD14 is rs2569190
encoding for a C/T transition at the -159 position of the
gene promoter. A meta-analysis of 17 studies has shown
that carriers of C alleles are exposed to 1.72 odds ratio for
septic shock (P=0.03) but this association existed mainly for
Asian populations and not for European populations (22).
In a recent study of 417 adult patients of western European
descent, 30-day survival was 77% among patients with the
CT or TT genotype and 87% among patients with the TT
genotype (P=0.0261) (23).

Several studies are also published on the significance of
rs5743708 of TLR2 leading through one A/G transition to a
substitution of arginine by glutamate at position 753. TLR2
encodes for TLR2 that is the receptor for the cell wall
PAMPs of Gram-positive cocci. A meta-analysis of 12 studies
has shown that carriers of G alleles are at a greater risk for
sepsis acquisition. Despite the great heterogeneity of this
meta-analysis, this risk association was found using both the
allelic and the recessive analysis approach (24).

TLR1 participates also in monocyte activation by
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Gram-positive cocci. The SNP re5743661 encodes for a
nonsynonymous A/G transition at position -7202. Although
carriage does not increase susceptibility to sepsis among
multiple trauma patients, it is associated with 4.88 odds
ratio for mortality after 30-days from Gram-positive sepsis
(P=0.013) (25).

A small study in Chinese Han populations has shown
an impact of SNPs of TREM-1 for susceptibility to septic
shock. A total of 124 patients with septic shock and
152 controls were genotyped for rs2234246 leading to
one G/A transition at gene promoter. Carriage of the A
allele was associated with 3.10 odds ratio for septic shock
(P=0.020) and this was proved using both the recessive and
the codominant analysis models (26).

As already described, the patient with sepsis is gradually
progressing to a state of functional suppression of circulating
monocytes. At that state, down-regulated expression of
CD86 and HLA molecules on the surface of monocytes will
occur. Only two studies until now have attempted to analyze
the impact of SNPs of these molecules on the clinical course
of sepsis. The first study enrolled 192 patients with lung
infection and sepsis. Authors described a protective role from
carriage of rs17281995 C allele of CD&6 in patients compared
to healthy controls. This was associated with lower gene
expression and protein release of CD86 from monocytes (27).
A haplotype of HLA-G was also studied in a prospective
study of 638 patients admitted in an intensive care unit (ICU)
in Rio Grande do Sul in Brazil. The haplotype consisted
of an insertion at position +2960 (rs1704), of the G allele
at position +3142 (rs1063320) and an insertion at position
+3187 (rs9380142). Carriers of the haplotype had 1.62 odds
ratio for septic shock (P=0.031) (17).

Cytokines

Several case-control studies have been published on the
impact of candidate SNPs of genes encoding for cytokines
on sepsis susceptibility and sepsis outcome. Here, we
focus on only two genes, TNF and IL-6, encoding for
TNFa and IL-6 respectively, that are an expression of
Th1 and Th2 activation. The best studied SNP of TNF is
rs1800629 leading to one A/G transition at -308 position
of gene promoter. The significance of the carriage of
this SNP had been fully clarified in one meta-analysis
of 25 case-association studies (28). Results showed that
carriage of A alleles was associated with susceptibility to
sepsis but not with mortality. Recent publications not only
study the impact of the rs1800629 SNP but they analyze
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further the role of other SNPs of the gene promoter. In
particular, rs1800750 leading to one G/A transition at the
-376 position and rs361525 leading to one G/A transition
at the -238 position. Carriage of A alleles of these SNPs is
associated with increased susceptibility for severe sepsis but
does not predict increased lethality among Chinese Han
populations (29).

The susceptibility for sepsis acquisition was shown in a
prospective study of our group on 213 patients. These patients
were mechanically ventilated and all developed ventilator-
associated pneumonia (VAP). Carriers of A alleles for any of
three promoter SNPs progressed to VAP earlier than their
comparators carrying only the wild-type G alleles (30). The
carriage of the TNF SNPs is associated with modulation on
TNFo production by circulating monocytes. Both in our
study and in others (30,31) circulating leukocytes of patients
carrying these SNPs produced greater quantities of TNFa
after stimulation by bacterial LPS.

The broadest studied SNP of IL-6 is rs1800795 leading
to one G/C transition at the 174 promoter region. A meta-
analysis of 12 case-control studies failed to demonstrate a
real effect of carriage of minor frequency C alleles on sepsis
risk (18). However, considerable heterogeneity exists in
these studies as patients of European and African ancestry
were analyzed together and the control groups were also
very heterogeneous. Another study of 1,246 white Spanish
patients with CAP failed to show an effect on sepsis risk;
however, patients homozygous for the C minor frequency
allele were protected from progression into septic shock,
acute respiratory distress syndrome (ARDS), multiple organ
dysfunction syndrome (MODS) and death (32).

However, SNPs of this gene seem to be a good example
of the individualized impact of the genetic make-up of
the host in relation to his overall health state. It is broadly
known that SNPs of IL-6 are associated with the risk for
cardiovascular disorders and chronic kidney disease (CKD).
Since CRD is a predisposing condition for sepsis per se
it is difficult to discriminate an effect from IL-6 SNPs on
sepsis susceptibility versus the SNP impact from CKD. We
analyzed rs1800795 and a second SNP rs1800796 encoding
for one G/C transition at the =572 promoter region among
198 sepsis patients with CKD; 115 patients with CKD
without infection were used as controls. The presence of
minor frequency alleles of rs1800795 did not affect sepsis
risk. However, carriage of the GG genotype of rs1800796
was associated with 2.07 odds ratio for sepsis (P=0.005).
It was interesting to note that despite this difference in
susceptibility for sepsis, no overall effect on mortality was
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shown. Sub-analysis revealed that patients with the GG
genotype were at increased risk for death by cardiovascular
events whereas patients with the GC and CC genotype were
at increased risk for sepsis-related death (33).

1Gs

When focusing on the concentrations of circulating
antibodies in patients with sepsis, it becomes evident that
they follow linear distribution. Comparisons between
groups based upon disease are done with non-parametric
statistics (8-11). This means that there is an individuality
for IG production within each group. This generates the
notion that the genetic background of the host may play a
major role in the capacity for IG production irrespective of
sepsis severity.

Only three studies on SNPs of genes encoding for
antibody peptides are available. All three report on
rs1801274 of CD32 encoding for the activating receptor
of the FcyRIIa. The SNP leads to one G/A transition and
a substitution of arginine by histidine at position 131. It is
anticipated that this SNP decreases the binding affinity of
the FeyRIIa and decreases phagocytic activity of neutrophils
impairing antibody-dependent cellular phagocytosis
(ADCP). The first study enrolled 347 sepsis patients using
171 non-infected critically ill patients as comparators.
Carriage of SNP alleles was not associated with sepsis
risk (34). The second study enrolled 66 ICU-admitted
patients for multiple injuries; 36 developed sepsis and 30
were comparators. Presence of at least one A allele was
associated with increased likelihood for sepsis (hazard ratio
3.77) even after adjustment by the Injury Severity Index.
GA heterozygotes or AA homozygotes had a greater degree
of monocyte deactivation as expressed by the expression
of HLA-DR on circulating monocytes. The monocytes
of patients showed down-regulation for the production of
TNFa following ex vivo stimulation with bacterial LPS.
This phenomenon was more pronounced among carriers
of the wild-type GG genotype than among patients with
the GA or AA genotypes (35). The last study genotyped
117 patients with pneumococcal sepsis and failed to identify
some impact of SNP carriage on final outcome (36).

Treatment with antibodies and the genetic
make-up of the host

Antibodies used as adjunctive therapy of sepsis are divided
into two categories regarding their mode of action: (I)
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recombinant or chimeric molecules aiming to block specific
targets; and (II) intravenous preparations of IGs either
containing only IgG immunoglobulins (IVIG) or enriched
in IgM and IgA (IgGAM).

Several phase 3 randomized clinical trials have been
conducted in the past, mostly studying the efficacy of
antibodies targeting TNFa on sepsis outcome. Although
none of them proved clinical efficacy in reduction of
28-day mortality (37), none of these trials did genotyping
for SNPs of the TNF gene loci. The importance of
genotyping to unmask the real efficacy of this therapeutic
approach is recently revealed using as a prototype
hidradenitis suppurativa (HS) that is a chronic inflammatory
skin disorder. HS is characterized by heavy inflammation
of skin areas rich in apocrine glands. Contrary to other
chronic inflammatory conditions, the abundance of
TNFa in the affected lesions is accompanied by reciprocal
down-regulation of circulating monocytes for cytokine
production (38), providing similarities with sepsis
immunosuppression. Adalimumab, a fully human,
recombinant anti-TNF antibody, has recently proved
clinical efficacy in two randomized phase 3 clinical trials and
it is registered since 2015 for the management of HS (39).
When patients under treatment with agents blocking
TNFa were genotyped for the haplotypes of rs1800629,
rs1800750 and rs361525 of the promoter, it was shown that
the carriage of at least one minor frequency SNP allele in
any of the three positions was associated with 2.67 odds
ratio for reduced treatment efficacy (40). Since the carriage
of SNP haplotypes in the general population exceeds 20%,
it is evident that the lacking efficacy in sepsis trials may be
confounded by their presence.

The use of IVIG is not recommended in sepsis
patients according to the 2012 recommendations of the
Surviving Sepsis Campaign (41). However, in the same
recommendations it is suggested that the clinical utility
of IgGAM is still an open question and its benefit should
be validated in future clinical trials. A meta-analysis of
the efficacy of IG preparations in sepsis has evaluated
the efficacy of administration of IgGAM in a total of
528 adults enrolled in seven trials. The authors concluded
that treatment with IgGAM considerably decreased the risk
for death after 28 days in both adults and neonates with
severe sepsis and/or septic shock (odds ratio 0.66) (42).

In light of the ambiguities for the clinical efficacy of
IgGAM generated by the limited number of patients
enrolled in the conducted clinical trials, the Hellenic
Sepsis Study Group adopted a retrospective approach.
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One hundred patients with severe documented infections
by multidrug-resistant (MDR) Gram-negative bacteria
were treated with IgGAM within the first 24 hours from
the first organ failure. A total of 100 untreated historical
controls were selected from the available database. Control
patients were 1:1 matched for severity, MDR pathogens and
appropriateness of administered antimicrobials and matched
for the source of infection and Charlson’s comorbidity
index. Mortality after 28 days was 58% among the
comparators and 39% among patients treated with [lgGAM
(P=0.009). Treatment with IgGAM was associated with
significant delay for breakthrough bacteremia compared
to comparators (P<0.0001) (43). The aforementioned
analysis of genetic SNPs affecting the cascade ending to
IG production generates several questions as to whether
clinical efficacy from IgGAM treatment should be adjusted
by a genomic analysis encompassing all analyzed SNPs.

The use of monoclonal antibodies (mAbs) in the treatment
of bacterial sepsis

While pooled immunoglobulin preparations have been
studied for decades in sepsis, the use of mAbs targeting the
pathogen responsible for inducing sepsis has only recently
been investigated. When Kohler and Milstein first succeeded
in generating functional antibodies against specific antigenic
targets, they revolutionized the field of immunology and
paved the way for therapeutic mAbs for human disease (44).
These highly specific antibodies have been widely used in
neoplastic diseases, immune-mediated diseases and in organ
transplantation, but have received, for a variety of reasons,
very little attention for the management of infectious diseases.
This situation is rapidly changing as the era of progressive
emergence of antibiotic resistance is now upon us (45-47).
1Gs have much to be desired characteristics and have proved
to be remarkably flexible, stable and readily engineered
to alter and improve their activity (47). Figure 2 depicts
immunoglobulin G and its major structural and functional
components. Table 2 outlines the favorable characteristics
and potential limitations of mAbs as therapeutic agents to
treat infectious diseases (47-52). Additionally, the costs for
developing therapeutic mAbs have previously been thought
to be cost prohibitive for clinical use. Recent improvements
in rapid microbial diagnosis using molecular mechanisms and
reduced cost in manufacture of modern mAbs has made this
field of therapeutics a more realistic approach to managing
common infections.

MAbs can now be directed against bacterial infections
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Figure 2 The basic structure and functional components of human immunoglobulin G (IgG). The murine CDR site of a “humanized”
antibody is a recombinant product where the CDR site is engrafted to the remaining elements of a human IgG to limit cross species
immunogenicity associated with fully murine monoclonal antibodies or a chimeric hybrid antibody consisting of murine VL and
VH domains linked to the constant domains of a human antibody. Fab, fragment antibody binding; Fc, crystallizable fragment of
immunoglobulin; CDR, complementarity determining regions; Ag, antigen; VL, variable domain of the light chain; VH, variable domain
of the heavy chain; CL, constant domain of the light chain; CHI1-3, the first through third constant domains of the immunoglobulin heavy

chain; N-, asparagine-linked glycosylation site; C’, complement; FcyR, Fe gamma receptors.

Table 2 Advantages and limitations of mAbs to treat infectious diseases

Advantages Disadvantages
Highly specific activity against the precise causative pathogen Not useful for early empiric therapy before the pathogen is identified
Low risk of off-target effects and no effect on the microbiome Must know the precise targeted pathogen or its toxins

Rapid molecular techniques for pathogen identity now becoming Rapid techniques for pathogen identity can be expensive and not
available widely available

Efficacy not dependent on antibiotic susceptibility; useful for MDR  Immune escape mutants can occur; multiple mAbs to same pathogen
pathogens and can complement antibiotic therapy could help but will add additional costs

Long plasma half-life (10-21 days) allows a single dose treatment to Rare allergies, should they occur, could cause prolonged symptoms
save costs

Can be engineered with specific immune-modulatory properties Has to be delivered by parenteral route, no oral step down treatments
(sialylation of carbohydrate moieties on Fc region)

Costs of mAb production are coming down Still very expensive

Generally well tolerated with low incidence of side effects or drug Must consider the possibility of AME
interactions

AME refers to paradoxical reactions were low affinity antibodies block assess of other defense molecules such as complement
components to bind and neutralize the microbial target (47). This is a well described phenomenon with some viral and fungal infections
and could occur with other pathogens. MDR, multidrug-resistant; mAbs, monoclonal antibodies; Fc, crystallizable fragment of
immunoglobulin; AME, antibody-mediated enhancement.
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by at least three different strategies: (I) bacterial exotoxins
and other virulence factors such as biofilm synthesis; (II)
promote phagocytosis and bacteriolysis by either natural
killer cell mediated, antibody-dependent cellular cytotoxicity
(ADCC), neutrophil mediated, antibody-dependent cellular
phagocytosis (ADCP), or by facilitating C’ dependent
cytotoxicity (CDC); or (III) targeting excessive or deleterious
host inflammatory mediators, clearance of pathogen-derived
toxic bio lipids, or blockade of endogenous vasoactive
peptides such as adrenomedullin (48-51).

The specific bacterial pathogens that are currently being
targeted with mAbs are Staphylococcus aureus (S. aureus),
Staphylococcus epidermidis, and MDR strains of Pseudonionas
aeruginosa, Escherichia coli and Klebsiella pneumoniae. The
presence of hundreds of different serotypes of MDR Gram-
negative enteric pathogens does not seem to be an attractive
target for therapeutic mAbs. However, a relatively small
number of specific clones of MDR pathogens are circulating
at the present time such as E. co/i ST131 O25b:H4 (52), and
K. pneumoniae ST258 D-galactan III (53) are responsible
for significant proportion of human infections. Antibodies
are in development that could complement concurrent
antimicrobial therapy or provide some protection for even
pan-resistant genetic variants of these bacterial clones.

Pseudomonas aeruginosa has been a potential target for
mAb immunotherapy for decades. Two approaches are
currently underway with either serotype-specific, opsonic
antibody approaches; and a more complex bispecific mAb
construct simultaneously directed to a type 3 secretion
system for cytotoxin delivery and an enzyme essential for
exosaccharide-dependent biofilm formation (54,55).

There are many molecular targets amenable to
monoclonal antibody therapy for S. aureus and to a lesser
degree for S. epidermidis, where the primary issue with
coagulase staphylococci is biofilm formation on vascular
catheters and prosthetic devices (56). Prominent among
these targets against S. aureus is alpha toxin and a number
of other related two component leukotoxins (57-59). Other
targets are various adhesions and inhibition of biofilm
formation (60). Staphylococcal alpha toxin is an attractive
target as this is a potent cytotoxin that targets macrophages
and impairs phagocytosis. A monoclonal antibody to alpha
toxin has recently been shown to protect against mixed
infection murine lung models consisting of both S. aureus
and K. pneumoniae (61). Prevention of phagocytic damage
by alpha toxin repairs clearance of both S. zureus and other
respiratory co-pathogens such as Klebsiella spp. that might be
encountered in VAP.
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Another innovative potential approach to the use of mAbs
is the use of non- neutralizing mAbs that can affect the host
response by manipulation of the Fc:FcyR interactions (62).
FcyRIIb is an inhibitory Fc receptor with an intracellular
ITIM domain (14). Sialyation of the glycosylated regions
linked to the asparagine residue at position 297 of the Fc
component of IgG can promote FcyRIIb expression and
down regulate myeloid cells (63). This strategy could allow
fine tuning of the host immune system for certain infections
and inflammatory states.

Conclusions

This review makes it evident that there is lack of clear-
cut evidence whether the genetic background of the host
modulates endogenous IGs production or impacts on
response to exogenous antibody administration. Given the
proven down-regulation of B-lymphocyte responses in
sepsis, and with the recent understanding of the feedback
interactions between IGs and the innate immune effector
cells, a genomic approach should take into consideration
the SNPs of all molecules implicated in the pathway from
Ag presentation to immunoglobulin production.
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