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Abstract

Though we know much about development of obesity and its associated complications like type Il diabetes,
cardiovascular diseases, hypertension and cancer, our knowledge is very limited about the impact of this metabolic
syndrome on immune functions per se. Studies in obese humans and animal models have earlier shown, altered
lymphocyte numbers, and reduced lymphocyte responsiveness to mitogen stimulation, dysregulated cytokine
expression, decreased natural killer cells, macrophage and dendritic cell functions, leading to reduced resistance
to infections involving a number of organisms such as Mycobacterium tuberculosis, Coxsackie virus, Helicobacter
pyroli and influenza. Several obesity-associated hormonal changes such as leptin resistance, hyperinsulinemia, and
metabolic changes such as excessive inflammation and altered glucose, amino acid and fatty acid metabolism which
are required for the functionality of T cells could affect the immune response. This review tries to explore these
possibilities and project them as plausible mechanism(s), which could affect the response to infectious diseases and

vaccine in obese conditions.
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Introduction

The immune system has two interconnected arms, innate
immunity and acquired or adaptive immunity, both of which interact
with each other to generate protective immunity to the organism.
Such response, in essence requires, activation and propagation of
immune cells and synthesis of molecules requiring DNA replication,
RNA expression, and protein synthesis and secretion, all of which
consuming considerable anabolic energy. Studies in bumblebee show
that the energy cost of immunity impairs the fitness of an organism [1].
Thus, immune-competence is dependent on nutritional status and can
be easily dysregulated in states of imbalanced nutrition such as under
nutrition (malnutrition) or over nutrition (obesity). Though immune
suppression in undernourished state is well known [2], the role of
immune dysfunction happening in state of over nutrition (obesity) is
poorly understood.

Obesity is a major health problem since excessive body weight
constitutes a risk factor in a number of chronic diseases. The
prevalence of obesity is increasing worldwide and as per the latest
WHO estimates, approximately 500 million adults and nearly forty-
three million children under the age of 5 years appear to be obese ,
showing a BMI > 30 [3]. Obesity is defined as a state of excess adiposity
due to prolonged positive energy imbalance and is multifactorial in
origin. Several comorbidities exist for this metabolic syndrome such as
diabetes, hypertension and cardiovascular diseases and latest in the list
is immune dysfunction, which makes obese individuals vulnerable to
infectious diseases and even seems to affect their response to vaccines.
This review is an attempt to chronicle the vulnerability of obesity status
on exposure to infectious diseases, and its delayed or non response to
vaccine and the plausible mechanisms that might be involved in such
an altered immunity status.

Obesity and Immune Status

Human studies

Most studies conducted so far were focused primarily on ex vivo
cellular functions. Obese subjects showed either increased or decreased

total lymphocytes in peripheral blood populations [4-7] and had
decreased CD8* T cell population along with increased or decreased
CDA4'T cells [6,7]. Obese subjects also showed reduced lymphocyte
proliferative response to mitogen stimulation and dysregulated
cytokine expression [4,6-9]. In addition, both the NK cell number and
its cytotoxic activity were diminished in obese individuals [10].

Animal studies

Altered immunity under obese condition is well documented in
studies involving animal models. For example both, genetically leptin
deficient (Ob/ob mice) and leptin receptor deficient obese animals
(Db/db mice and fa/fa rats) demonstrate a global impairment in ex
vivo immune function. Obese animal’s show marked thymic atrophy,
lower splenic and circulating T cells, decrease in mitogen stimulated
lymphocyte proliferative capacity and cell mediated cytotoxicity [11-
20]. Obese animals exhibited impaired innate immunity in terms of
reduction in number and function of dendritic cells [21], displayed
diminished development, differentiation and cytotoxicity of NK cells
[22]. These genetically obese models provide insight into how excess
adiposity may directly or indirectly alter immune cell function and
host defense against infectious agents. However, these studies have
limitations with reference to human obesity, since gene mutations
in humans are rare. So, to mimic human condition, animals were
made obese by feeding either high fat and/or sucrose for a period
of time. Such DIO (diet induced obese) mice (induced by feeding
high fat/Sucrose diet) had significantly reduced thymocyte counts,
increased apoptosis of thymic T cell population and reduced splenic
T cell proliferation in response to mitogen [8,18,23]. Further, high- fat
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dietary intake decreased NK cell numbers and function, impaired DC
function and T cell responsiveness to antigen presentation [24-26].
DIO mice produced lower mitogen-induced interleukin (IL)-2 and
high interferon (IFN)-y and IL-4 cytokines [25]. DIO mice also had
increased CD11b macrophage/monocyte population, mRNA levels of
adipocyte derived monocyte chemo attractant protein-1 (MCP-1) and
MCP-1 protein levels in the plasma [27].

Obesity and Vulnerability to Infectious Diseases

Immune dysfunction leading to increased morbidity and mortality
from infectious diseases in obese human subjects and obese rodent
models are well documented as given below.

Human studies

Several reports evince obesity to be a risk factor for post operative
and surgical site [28], nosocomial [29], periodontitis [30] and
respiratory infections [31].

Obesity and clinical settings

Retrospective and prospective studies showed obesity to be
an independent risk factor for infection after trauma [32-34]. In a
prospective cohort study of critically ill trauma patients, obese patients
had more than two fold increased risk of acquiring a bloodstream,
urinary tract or respiratory infection [32]. In one prospective
observational study, obesity is shown to increase the risk of ICU acquired
catheter and blood stream infections due to the relative difficulty in
obtaining venous access [29]. In a large multicenter prospective study
conducted in 200 ICUs in 24 European countries wherein BMI was
measured at the time of admission, obese and morbidly obese patients
frequently developed ICU-acquired infections in comparison to
patients with lower BMI [35]. One risk-adjusted matched cohort study
showed an association of obesity with increased risk of ICU-associated
infections such as septic shock and ventilator-associated pneumonia.
However, obesity is not a risk factor for infection-related case fatality
[36]. One prospective multicenter matched epidemiologic study also
indicated lack of association between obesity and the risk of catheter-
related infection or ventilator-associated pneumonia. In this study,
comparison between morbidly obese and non obese is done, leaving
out the obese group [37]. The bias in this kind of studies is because of
vascular fluid volume depletion in the patients which yield erroneous
BMI at the time of admission.

Nosocomial and surgical infections

Cohort studies show an association between obesity and the
risk of nosocomial infections [38,39]. A recent retrospective case-
control study also showed obesity to be an independent predictor of
nosocomial bloodstream infection in older adults [39]. Prospective and
retrospective cohort studies suggest association between obesity and
risk of skin and soft-tissue infection after surgery [40-43].

Periodontitis

Obesity is an independent predictor of risk factor for periodontitis
[44]. Meta-analysis shows overweight and obesity to be associated with
the development of periodontal disease [45]. However, it is not clear
whether obesity is a risk factor for periodontal disease or periodontitis
leading to obesity [46].

Pancreatitis

One large epidemiological study indicates obesity to be a risk
factor for gallstones, gallbladder disease and pancreatitis [47]. Obesity

increases the risk of severe pancreatitis by inducing local complications
such as pancreatic pseudocysts, abscess and necrosis [48,49]. Visceral
adipose tissue plays a role in the pathophysiology of severe diseases
by secreting adipokines which help maintain systemic inflammation
[50,51]. A meta-analysis published in 2004 and 2006 showed obesity
to be associated with systemic and local complications in severe acute
pancreatitis [48,49].

Skin infections and cellulitis

Obesity affects skin barrier function, the lymph system, collagen
structure and function, wound healing, micro and macro circulation.
Obesity leads to a wide range of skin diseases [52]. Several case-
control studies indicated an association between obesity and the risk of
cellulitis, and limited data also supported association of obesity and the
outcome of skin infections [53,54].

Urinary tract infections

Several studies pertaining to the risk of Urinary Tract Infection
(UTT) were conducted in obese individuals. One large epidemiological
study conducted in 1980’s indicated decreased risk of UTI with obesity.
However, in this study, subjects with BMI > 24 were considered which
might explain the negative association [55]. Recent study showed an
association between obesity and risk of UTI [56] and females are at
high risk for pyelonephritis [56]. Obesity increases the risk of UTT in
diabetic males in a cohort study [57]. Obesity also increases the risk
of UTI during pregnancy and postpartum period [58,59]. Data on the
effect of obesity on the outcome of UTI is lacking.

Viral hepatitis

Cohort studies indicate that obesity increases risk of hepatic
steatosis and fibrosis in non-diabetic patients with chronic hepatitis C
infection [60,61]. Overweight diminished response to antiviral therapy
and affects the progression of chronic HCV (Hepatitis C virus) liver
disease [60,61].

Influenza

The sudden spurt in influenza HIN1 pandemic in 2009 raised
interest in the interaction between obesity and infection. Obesity
affects the progression of the disease and increases the mortality rate.
One prospective, observational and multicenter study conducted in
144 ICUs in Spain showed obesity to be associated with higher ICU
resource consumption and longer ICU length of stay in HINI influenza
[62,63]. Obesity is a risk factor for mortality in patients with HIN1
infection-related community-acquired bacterial pneumonia [64]. A
recent systematic review and meta-analysis indicated obesity to be
associated with higher risks of ICU admission or death in patients with
influenza A (HIN1) infection [65]. One recent global study conducted
by World Health Organization included 70,000 laboratory confirmed
cases with HIN1 from nearly 20 countries reports a clear association
between obesity and poor outcome of HIN1 [66].

Influenza enters the cell via endocytosis and subsequently replicates,
resulting in the generation of Pathogen-Associated Molecular Patterns
(PAMPs) that are detected by Pattern-Recognition Receptors (PRRs)
such as the Toll-Like Receptors (TLRs), retinoic acid-inducible gene
I receptors (RIG-I) and Melanoma Differentiation-associated protein
5 (MDAD5), resulting in type I and type III IFN induction. Released
IFN subsequently binds IFN receptors, resulting in Janus-activated
kinase-signal transducer and activator of transcription (JAK-STAT)
phosphorylation and complex formation with IFN regulatory factor
9 (IRF9). This complex translocates to the nucleus resulting in

Endocrinol Metab Synd
ISSN: 2161-1017 EMS, an open access journal

Volume 2 + Issue 2 + 1000113



Citation: Bandaru P, Rajkumar H, Nappanveettil G (2013) The Impact of Obesity on Immune Response to Infection and Vaccine: An Insight into
Plausible Mechanisms. Endocrinol Metab Synd 2: 113. doi:10.4172/2161-1017.1000113

Page 3 of 9

upregulation of antiviral IFN-stimulated genes (ISGs), such as MxA,
IFITM3, Oligoadenylate Synthetase (OAS) and viperin. Attenuated
IFN response might cause diminished response to influenza infection.
In agreement, DIO mice upon intranasal administration of mouse-
adapted influenza strain A/Puerto Rico/8/34 (A/PR/8/34) had
attenuated IFN response, reduced natural killer cell cytotoxicity and
diminished lung proinflammatory cytokine (IL-6, TNF-a, IL-1f3) and
chemokines (MCP-1 and RANTES) mRNA expression [67]. One
mechanism by which obesity may potentially attenuate the antiviral IFN
response is by leptin-induced upregulation of Suppressor of Cytokine
Signaling (SOCS), which inhibits JAK-STAT signal transduction. A
recent study in diet-induced obese mice infected with A (HIN1) pdm09
suggested preexisting high levels of circulating leptin to be involved in
mediating lung injury by producing excess proinflammatory cytokines
and chemokines [68]. In infected DIO mice, administration of anti-
leptin antibody led to decrease in proinflammatory cytokines and lung
pathology and improved the survival rate [68]. Further studies are
needed to elucidate the mechanisms behind diminished type I IFN and
proinflammatory response.

Data on the impact of obesity on the outcome of influenza virus
infections other than HIN1 virus are scanty. A recent cohort study
conducted over 12 influenza seasons indicated association of obesity,
morbid obesity and respiratory hospitalization [69].

Studies are rare on the affect of obesity on other respiratory tract
infections. However, a recent study did suggest the impact of obesity
on respiratory syncytial virus infection in children [70] and another
study from Poland even reported BMI to be related to susceptibility to
respiratory infections [32]. In clinically ill trauma patients also obesity
or morbid obesity showed association with respiratory infections
[30,33]. Conversely, few studies [71,72] also reported lack of association
of obesity with the risk of respiratory infections. It was pointed out that
obesity often complicates lung mechanics by restricting lung volume,
and this could be increasing the risk for pneumonia or other infections
in such cases.

In addition to the earlier mentioned infections, high BMI seemed to
increase susceptibility to staphylococcus aureus nasal carriage, gastric
infection by Helicobacter pylori [73,74]. A recent study also reported
obesity to be associated with herpes simplex virus 1 infection and risk
of clostridium difficile infection [75]. There are however no studies yet
on the affect of obesity on fungal, tropical and HIV infections.

Rodent models of obesity and infection

Increased risk to infection was observed in obese animals also. Thus,
leptin deficient Ob/Ob mice were sown to be susceptible to a number
of different bacterial infections such as Mycobacterium abscesses,
Klebsiella pneumonia, streptococcus pneumonia and Mycobacterium
tuberculosis [76-79] while Db/db mice to staphylococcus aureus and
H.pyroli [80,81]. Further, both ob/ob and db/db mice were shown
to have increased susceptibility to Listeria monocytogenes [82]. Fa/
fa Zucker rat was shown to have decreased ability to clear candida
albicans [83].

Viral infections

Ob/ob mice showed increased susceptibility to viral myocarditis
induced by coxsackie virus B4 and encephalomyocarditis virus [84,85].
Diet induced obese (DIO) mice were found to be susceptible to bacterial
infections such as porphyromonas gingivalis and staphylococcus
aureus-induced sepsis and viral infections such as influenza virus
[67,86,87].

Drug dosing in obesity

Data on antimicrobial dosing in obesity is scanty. There is a need
to determine dosage for maximum and effective therapy in obese
individuals.

Pharmacodynamics of drugs in obese is variable and depends on
multiple factors such as degree of obesity, organ function and drug
characteristics. Obesity affects volume of distribution (Vd) of drugs and
thusincreases the Vd oflipophilic drugs (for example, fluoroquinolones)
and decreases the Vd of hydrophilic drugs (for example, amikacin and
tobramycin). Several studies indicate underdosing of antimicrobials
in obese patients [88]. Earlier data showed impaired penetration of
antimicrobials in the interstitial space fluid of obese subjects [89]. Few
studies exist on the dosing of antimicrobials such as vancomycin and
aminoglycosides. Vancomycin concentration reduced to 30% of the
optimal therapeutic concentrations in obese patients [90]. However,
plasmadrugconcentration does notreflect the tissue drug concentration.
Further studies on other antimicrobials are needed. Morbid obesity
affects the blood and tissue levels of prophylactic antimicrobials [91]. A
recent study suggested the lack of dose adjustment in healthy, morbidly
obese subjects upon administration of single dose of oseltamivir
phosphate and its carboxylate metabolite [92]. However, there was no
problem with antiviral therapy in obese animals, which responded well
to the treatment [93]. Other studies suggested dosing of antimicrobials
with high minimal inhibitory concentration at frequent intervals in the
case of obese patients [94,95]. As these recommendations were based
on single patient cases, randomized large sale studies are suggested that
may yield data for appropriate drug dosage for obese individuals.

Obesity and Immune Response to Vaccination
Human studies

Weber et al. [96], conducted the first study to describe the
relationship between vaccine response and obesity. His group found
that, high BMI was associated with a failure to develop detectable
antibody response to Hepatitis B vaccine in health-care workers [96].
Further, Simo Minnana et al. reported lower antibody response in
adolescents with high BMI when administered a three-dose regimen
of recombinant hepatitis B vaccine [97]. A randomized controlled trial
compares triple-antigen vaccine vs standard single antigen vaccine
administered in three doses over six months resulted in 71% and 95%
protection rates in obese subjects when compared with lean subjects
(91% & 99% respectively) [98]. Eliakim et al. [99], reported lower
antibody response to tetanus immunization in overweight 13-year —
olds than their age-matched controls with lower BMIs [99]. Reduced
antibody response could be due to diminished B-cell numbers. Ob/
ob mice show 21% and 12% decrease in pre-B and immature B-cells
respectively and this was normalized upon leptin administration. This
suggests the role of leptin in B-cell generation [100]. Non-immune
factors such as the length of the needle also seemed affect the response
to vaccination, since increasing the length of the needle was shown to
enhance the immune response to vaccine [101].

Epidemiologic data identified obesity to be a risk factor for
severe morbidity and increased mortality from A (HIN1) pdmo09
virus influenza infection, suggesting the need for prophylaxis against
influenza. Few studies have been conducted on the efficacy of influenza
vaccine in humans. Obese individuals showed an initial increase in IgG
response to 2009-2010 inactivated Trivalent Influenza Vaccine (TIV).
However 12 months post vaccination titers were drastically reduced
suggesting defective cellular immunity. In agreement, obese individuals
showed decrease in expression and release of early activation marker
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CD69 and IFNy and granzyme B respectively by CD8+ T cells [102].
In contrast, to these findings Talbot et al., reported lack of association
between obesity and either seroprotection or seroconversion [103].
However unlike the earlier study, the authors did not measure 12
months post vaccination response.

Animal studies

Animal studies on the effect of obesity on immune response to
vaccine are rare. Studies from our lab showed reduced HBsAg specific
IgG response in WNIN/Ob and WNIN/GR-Ob obese rats upon
Hepatitis B vaccination. These obese rats showed impaired splenic
lymphocyte proliferative response to HBsAg which is essential for the
long term memory to the vaccine. In addition, WNIN/GR-Ob strain
of obese rats also showed altered peritoneal macrophage function
upon vaccination [104,105]. With the influenza pandemic, efficacy
of influenza vaccine was analyzed in a DIO mice model. DIO mice
vaccinated with commercial monovalent pHIN1 vaccine did not
survive beyond 12 days from pHINI1 infection. DIO mice had impaired
CD8 T cell function and high proinflammatory cytokine expression
leading to diminished vaccine efficacy [106]. More such studies are
warranted to decipher the effect of obesity on other common vaccines.

Table 1 depicts the studies conducted so far on the effect of obesity
on response to vaccination in humans:

Vaccine and Cellular Immune Response

Efficacious vaccination against viral antigen generates long-
lived, antigen-specific CD8* memory T-cells leading to long-term
immunity. Following infection, antigen-specific T-cells are activated
and expanded. This expansion results in a large population of
effector T-cells containing both Short-lived Effector Cells (SLEC)
and Memory Precursor Effector Cells (MPEC) to clear infection.
Following pathogen clearance, SLEC, composing 90-95% of the
effector population, go through activation-induced cell death during
the subsequent contraction phase of the response, leaving the smaller
MPEC subset to form a long-lived, antigen-specific memory cell
pool. These memory T-cells can then act to mount larger, faster and
stronger responses to subsequent encounters with the same pathogen.
Generation and function of CD8* memory T-cells requires a balancing
act between MPEC potential and terminal differentiation into SLEC.
Both inherent programming during initial contact with an antigen-
presenting cell and environmental factors such as inflammation
can affect the balance between effector and memory potential [107].
This balance can be considered using the ‘Goldilocks model’ of
generation [108]. Obesity may impair the inherent programming of
T-cells and or environmental factors. In diet-induced obese C57BL/6
mice, a secondary HIN1 influenza challenge following a primary
H3N2 infection led to a increase in mortality, lung pathology and

Author Year Vaccine No. of subjects
Weber et al. [96] 1985 Hepatitis B vaccine 194
Roome et al. [141] 1993 Hepatitis B vaccine 528
Wood et al. [142] 1993 Hepatitis B vaccine 595

Simo Minana et al. [97] 1996
Averhoff et al. [143] 1998
Young et al. [98] 2001

Hepatitis B vaccine 427
Hepatitis B vaccine (2,213
Hepatitis B vaccine 303

Elikiam et al. [99] 2006 Tetanus 30

Sheridan et al. [102] 2011 Influenza vaccine 499

Talbot et al. [103] 2012 Influenza vaccine 415

lung viral titer. Further, mRNA expression of IFN-gamma was >60%
less in lungs of obese mice. Obese mice had lower influenza-specific
CD8* T cells producing IFN-gamma postsecondary infection. Memory
CD8* T cells from obese mice had a >50% reduction in IFN-gamma
production when stimulated with influenza-pulsed dendritic cells
from lean mice suggesting inherent defect of CD8" T-cells [109].
High fat-fed obese mice showed aggravated inflammatory response
upon immunization with HIN1 virus. The basal messenger RNA
(mRNA) levels of 2 chemokines MCP-1 and RANTES were lower in
immunized obese mice than in immunized controls. However, the
mRNA levels of MCP-1 and RANTES were markedly increased at 3
and 8 days after viral challenge in immunized obese mice. Similarly
the proinflammatory cytokines (TNFa, IL-1B, and IL-6) were also
elevated upon immunization [106]. This high inflammatory response
may tip the balance towards SLEC and diminished MPEC. Detailed
mechanism leading to a decrease in cellular memory upon vaccination
needs to be elucidated.

Suggested Mechanisms for the Observed Altered
Immunity in Obesity

Studies have reported that White Adipose Tissue (WAT) is not only
a storage organ, but produces close to 100 cytokines. These secreted
adipokines are directly correlated to the increased adipose tissue mass
and play an intricate role in various aspects of the innate and adaptive
immune response and participate in a wide variety of physiological or
physiopathological processes including food intake, insulin sensitivity
and inflammation. In the obese status, secretion of these adipokines
such as leptin and the proinflammatory cytokines like TNFa, IL-6 and
IL-1P are bound to increase. When such proinflammatory cytokines
are secreted into blood, they are likely to produce disastrous condition
for the host. This proinflammatory excess energy milieu could have a
definite impact on immune cell function under obesity. Such heightened
pro-inflammatory cytokine expression, associated with increased tissue
inflammation leading to increased mortality upon infection was seen in
DIO animals. Further, enhanced proinflammatory cytokine expression
was also associated with lower memory response in DIO animals.
However, more studies are needed to delineate the mechanism by
which this excess inflammatory response desensitizes the immune cells
during an antigenic exposure.

Another adipokine which has gained much attention is leptin.
Leptin has pleiotropic effects on immune cell activity as evidenced from
the presence of leptin receptors on all immune cells of both the arms
of innate and adaptive immunity [110]. Leptin promotes macrophage
phagocytosis by activating phospholipase. Leptin increases secretion
of proinflammatory cytokines such as TNF-a (early), IL-6 (late) and
IL-1 by macrophages. Leptin stimulates monocyte proliferation and
upregulates the expression of activation markers including CD38,

Study outcome

Redced HBsAg specific IgG response

Reduced anti HBs with extreme obesity

Lack of anti HBs associated with obesity

Post vaccination anti HBs were low

Decreased immunogenicity was associated with obesity
Reduced response to HBV

Anti-tetanus 1gG antibodies were low; IL-6 was significantly higher and no change in TNF-a,
IL-1b and IL-1ra cytokine levels.

Decreased 12 months post vaccination IgG production;
Reduced CD69, IFNg and granzyme B in CD8+ T cells.

No consistent relationship between antibody response and obesity

Table 1: Studies of immune response to vaccine in humans.
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CD69, CD25 (IL-2 receptor a-chain) and CD71 (transferrin receptor)
[111]. Leptin increases the expression of already highly expressed
surface markers of activation on resting monocytes, such as HLA-
DR, CD1lb and CDllc [112]. leptin stimulates chemotaxis of
polymorphonuclear cells by producing ROS [113]. Leptin is involved
in the NK cell development, differentiation, proliferation, activation
and cytotoxicity by activating STAT3 and increasing the expression of
perforin and IL2 [114].

Leptin modulates adaptive immunity. Leptin activates lymphocytes
when co-administered with non specific immunostimulants such
as PHA (phytohemagglutinin) or ConA (concanavalin A). leptin
induces early- (CD69) and late-activation markers (CD25, CD71) in
both CD4* and CD8* lymphocytes [115]. Leptin differentially affects
the naive and memory T-cells. Leptin induces the proliferation of
na1've CD4*CD45RA* T cells but inhibits the proliferation of memory
CD4*CD45RO* T cells [19,116]. At the functional level, leptin polarizes
T helper (ThO) cytokine production towards a proinflammatory (Thl,
IFN-y, TNF-a). Leptin increases T lymphocyte survival by increasing
the expression of antiapoptotic proteins such as Bcl-2 and T-bet [117].
Leptin suppresses the generation and proliferative capacity of Treg
cells and increases susceptibility to autoimmunity [118,119].

Leptin mediates its action through JAK/STAT signaling pathway,
resulting in the subsequent transcription of leptin induced genes
including SOCS3 which acts as a negative feedback for leptin signaling
[110]. Obesity is associated with high serum leptin levels [120]. DIO
mice infected with influenza virus exhibits unchanged serum leptin
levels, decreased OBR expression and increased expression of leptin
signaling inhibitor such as SOCS 1 and 3 [109]. Further, increased
mRNA expression of SOCS1 leads to leptin resistance which results
in decreased effector memory T cells. These leptin resistant memory
T cells are vulnerable to inflammation-induced apoptosis [109]. A
recent study demonstrated high circulating leptin levels to increase
lung proinflammatory cytokines and chemokines leading to severe
lung pathology and mortality in influenza infected DIO mice [68].
Neutralization with anti-leptin antibodies improved the survival rate
of these mice [68]. In addition, leptin resistance leads to increased T
regulatory numbers (Treg) which suppresses immune response [121].
Despite, the presence of high percentage of Treg in the spleen of DIO,
the extent to which this Treg cells affects the outcome of infection and
vaccination remains unknown.

Obesity is also associated with hyperinsulinemia and insulin
resisitance. Insulin receptors are present on monocytes and activated
T lymphocytes and insulin signaling modulates T cell activation and
function by inducing glucose uptake, amino acid transport and lipid
metabolism [122-125]. Further, as insulin has been shown to promote
anti-inflammatory T helper type 2 cell phenotype insulin resistance
enhances T helper type 1 cell development [124,126]. However, the
effects of excess insulin on immunity remain relatively unexplored.

Role of Nutrients

Apart from altered hormonal profile, obesity harbors altered
metabolic environment and immune cells require nutrients such
as glucose, amino acids and fatty acids to meet their energy needs
[127]. Glucose is required for T cell proliferation and survival. Upon
stimulation, GLUT 1 and GLUT3 levels were increased on T cell and
monocytes respectively [126,128,129]. Exposure to high concentrations
of glucose results in Reactive Oxygen Species (ROS) generation and
lipid peroxidation [130]. Further, Jacobs et al. demonstrated that
overexpression of GLUT1 in mouse T cells resulted in altered T cell
metabolism and cytokine production [131]. Studies from our lab in

WNIN/GR-Ob showed impaired glucose tolerance as an additional
risk factor in obese in impairing immunity [105]. However, little is
known of the in vivo effects of hyperglycemia on immune cell function.

Similar to glucose, fatty acids are also important in fueling an
immune response, as they are readily available source of abundant
energy. However, the impact of excess circulating Non-Esterified
Fatty Acids (NEFA), a hallmark of obesity, on immune cells has not
been well studied. Interestingly, Saturated Fatty Acids (SFA), such
as palmitate, shares structural similarities in chemical structure to
Lipopolysaccharide (LPS) and thus induces an inflammatory response
by initiating Toll like Receptor (TLR) signaling pathways [132].
However, much less is known on the effect of NEFA on the TLR
signaling in T cells, though there are studies on the effect of NEFA on
macrophages and on insulin resistance and type II diabetes.

Recent studies have found that the metabolic state is extremely
important for the functionality of immune cells, especially T cells.
Non-proliferating quiescent T cells (naive and memory T cells) use
catabolic metabolism to fuel ATP generation [133]. Stimulation and
co-stimulation results in a metabolic switch to glycolysis and anabolic
metabolism, which supports proliferation and effector functions [134].
This switch is achieved by the activation of Akt, which then promotes
the mTOR pathway and increased utilization of glucose and amino
acids [135,136]. Though, the exact mechanism is not clear, reduced
mTOR activity has been associated with increased generation of
memory CD8* T cells [137]. Thus, it would be interesting to pursue
how obesity can alter T cell metabolism and subsequent T cell fate as
over-nutrition directly inhibits insulin signaling in muscle at the level
of IRS1 through the hyperactivation of the mTOR pathway [138].
Additionally, leptin signaling also appears to alter AMPK/mTOR
activation [139,140]. If at all, obesity hyper activates mTOR, memory
T cell generation may be at a significant disadvantage. Future studies
are needed to focus on the activation of metabolism in T cells from the
obese and its effects on memory T cell generation as well as other cells
of the immune response.

Implications

As stated in the introduction, the numbers of adults and children
who are obese and overweight have reached epidemic proportions
in many countries. Population based strategies to improve social
and physical environmental contexts of healthy eating and physical
activity are thus essential for the prevention of obesity, overweight and
its related health risks. Further, life style changes that lead to weight
reduction have been demonstrated to reduce the incidence of diabetes
and hypertension, and WHO has come up with formulated national
policies to meet such exigencies.

It may appear that increased susceptibility and the exact defect
in immunity were documented only for a small number of infections
under obese status. However, a significant number of other studies
pertaining to other infections and the exact systemic impact of obesity
to susceptibility for such infections seemed poorly understood. So,
further studies are warranted in this area to focus on the impact of
increased weight or obesity on susceptibility to diseases. Another, yet
key consideration is how best to prevent and manage infections in
such high-risk population. As body size characteristics of patients are
essential for the optimization of drug therapy, there is need for newer
anti-microbial dosing for obese individuals. Moreover, the impairment
of immune dysfunction, which is more pronounced in obese status,
upon vaccine challenge calls for a new approach in vaccine management
in obese children, as they are totally incapacitated minimally at the basal
level and the present vaccine inoculation strategies seem to worsen
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the situation. A new health policy of augmenting the effectiveness of
vaccine especially in obese children by adding novel adjuvants should
be attempted, before the situation goes out of control.

References

1.

20.

2

=

22

2

w

Moret Y, Schmid-Hempel P (2000) Survival for immunity: the price of immune
system activation for bumblebee workers. Science 290: 1166-1168.

Cyril OE (2006) Complex interactions between malnutrition, infection and
immunity: relevance to HIV/AIDS infection. Nigerian Journal of Clinical &
Biomedical Research 1: 6-14.

WHO (2011) Obesity and overweight fact sheet.

Nieman DC, Henson DA, Nehlsen-Cannarella SL, Ekkens M, Utter AC, et al.
(1999) Influence of obesity on immune function. J Am Diet Assoc 99: 294-299.

Nieman DC, Nehlsen-Cannarella SI, Henson DA, Butterworth DE, Fagoaga
OR, et al. (1996) Immune response to obesity and moderate weight loss. Int J
Obes Relat Metab Disord 20: 353-360.

O'Rourke RW, Kay T, Scholz MH, Diggs B, Jobe BA, et al. (2005) Alterations
in T-cell subset frequency in peripheral blood in obesity. Obes Surg 15: 1463-
1468.

Tanaka S, Isoda F, Ishihara Y, Kimura M, Yamakawa T (2001) T lymphopaenia
in relation to body mass index and TNF-alpha in human obesity: adequate
weight reduction can be corrective. Clin Endocrinol (Oxf) 54: 347-354.

Lamas O, Marti A, Martinez JA (2002) Obesity and immunocompetence. Eur J
Clin Nutr 56: S42-45.

Tanaka S, Inoue S, Isoda F, Waseda M, Ishihara M, et al. (1993) Impaired
immunity in obesity: suppressed but reversible lymphocyte responsiveness. Int
J Obes Relat Metab Disord 17: 631-636.

.O’Shea D, Cawood TJ, O’Farrelly C, Lynch L (2010) Natural killer cells in

obesity: impaired function and increased susceptibility to the effects of cigarette
smoke. PLoS One 5: e8660.

. Kimura M, Tanaka S, Isoda F, Sekigawa K, Yamakawa T, et al. (1998) T

lymphopenia in obese diabetic (db/db) mice is non-selective and thymus
independent. Life Sci 62: 1243-1250.

. Bennett BD, Solar GP, Yuan JQ, Mathias J, Thomas GR, et al. (1996) A role

for leptin and its cognate receptor in hematopoiesis. Curr Biol 6: 1170-1180.

. Tanaka Si, Isoda F, Yamakawa T, Ishihara M, Sekihara H (1998) T lymphopenia

in genetically obese rats. Clin Immunol Immunopathol 86: 219-225.

. Chandra RK (1980) Cell-mediated immunity in genetically obese C57BL/6J ob/

ob) mice. Am J Clin Nutr 33: 13-16.

. Howard JK, Lord GM, Matarese G, Vendetti S, Ghatei MA, et al. (1999) Leptin

protects mice from starvation-induced lymphoid atrophy and increases thymic
cellularity in ob/ob mice. J Clin Invest 104: 1051-1059.

. Tanaka S, Isoda F, Kiuchi Y, Ikeda H, Mobbs CV, et al. (2000) T lymphopenia

in genetically obese-diabetic Wistar fatty rats: effects of body weight reduction
on T cells. Metabolism 49: 1261-1266.

. Fernandes G, Handwerger BS, Yunis EJ, Brown DM (1978) Immune response

in the mutant diabetic C57BL/Ks-dt+ mouse. Discrepancies between in vitro
and in vivo immunological assays. J Clin Invest 61: 243-250.

.Lamas O, Martinez JA, Marti A (2004) Energy restriction restores the impaired

immune response in overweight (cafeteria) rats. J Nutr Biochem 15: 418-425.

. Lord GM, Matarese G, Howard JK, Baker RJ, Bloom SR, et al. (1998) Leptin

modulates the T-cell immune response and reverses starvation-induced
immunosuppression. Nature 394: 897-901.

Meade CJ, Sheena J, Mertin J (1978) Immunological changes associated with
the obob (obese) genotype. Proc Nutr Soc 37: 38A.

.Macia L, Delacre M, Abboud G, Ouk TS, Delanoye A, et al. (2006) Impairment

of dendritic cell functionality and steady-state number in obese mice. J Immunol
177: 5997-6006.

. Mori A, Sakurai H, Choo MK, Obi R, Koizumi K, et al. (2006) Severe pulmonary

metastasis in obese and diabetic mice. Int J Cancer 119: 2760-2767.

. Sato Mito N, Suzui M, Yoshino H, Kaburagi T, Sato K (2009) Long term effects

of high fat and sucrose diets on obesity and lymphocyte proliferation in mice. J
Nutr Health Aging 13: 602-606.

24,

25.

26.

2

BN

2

oo

2

[{e]

3

o

3

=

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

a

42.

43.

44,

45.

46.

4

Ay

Li Z, Soloski MJ, Diehl AM (2005) Dietary factors alter hepatic innate immune
system in mice with nonalcoholic fatty liver disease. Hepatology 42: 880-885.

Mito N, Hosoda T, Kato C, Sato K (2000) Change of cytokine balance in diet-
induced obese mice. Metabolism 49: 1295-1300.

Verwaerde C, Delanoye A, Macia L, Tailleux A, Wolowczuk | (2006) Influence
of high-fat feeding on both naive and antigen-experienced T-cell immune
response in DO10.11 mice. Scand J Immunol 64: 457-466.

. Takahashi K, Mizuarai S, Araki H, Mashiko S, Ishihara A, et al. (2003) Adiposity

elevates plasma MCP-1 levels leading to the increased CD11b-positive
monocytes in mice. J Biol Chem 278: 46654-46660.

. Vilar-Compte D, Mohar A, Sandoval S, de la Rosa M, Gordillo P, et al. (2000)

Surgical site infections at the National Cancer Institute in Mexico: a case-
control study. Am J Infect Control 28: 14-20.

. Dossett LA, Dageforde LA, Swenson BR, Metzger R, Bonatti H, et al. (2009)

Obesity and site-specific nosocomial infection risk in the intensive care unit.
Surg Infect (Larchmt) 10: 137-142.

. Ylostalo P, Suominen-Taipale L, Reunanen A, Knuuttila M (2008) Association

between body weight and periodontal infection. J Clin Periodontol 35: 297-304.

. Jedrychowski W, Maugeri U, Flak E, Mroz E, Bianchi | (1998) Predisposition

to acute respiratory infections among overweight preadolescent children: an
epidemiologic study in Poland. Public Health 112: 189-195.

Bochicchio GV, Joshi M, Bochicchio K, Nehman S, Tracy JK, et al. (2006)
Impact of obesity in the critically ill trauma patient: a prospective study. J Am
Coll Surg 203: 533-538.

Edmonds RD, Cuschieri J, Minei JP, Rosengart MR, Maier RV, et al. (2011)
Body adipose content is independently associated with a higher risk of organ
failure and nosocomial infection in the nonobese patient postinjury. J Trauma
70: 292-298.

Serrano PE, Khuder SA, Fath JJ (2010) Obesity as a risk factor for nosocomial
infections in trauma patients. J Am Coll Surg 211: 61-67.

Sakr Y, Madl C, Filipescu D, Moreno R, Groeneveld J, et al. (2008) Obesity
is associated with increased morbidity but not mortality in critically ill patients.
Intensive Care Med 34: 1999-2009.

Bercault N, Boulain T, Kuteifan K, Wolf M, Runge |, et al. (2004) Obesity-related
excess mortality rate in an adult intensive care unit: A risk-adjusted matched
cohort study. Crit Care Med 32: 998-1003.

Frat JP, Gissot V, Ragot S, Desachy A, Runge |, et al. (2008) Impact of obesity
in mechanically ventilated patients: a prospective study. Intensive Care Med
34:1991-1998.

Choban PS, Heckler R, Burge JC, Flancbaum L (1995) Increased incidence
of nosocomial infections in obese surgical patients. Am Surg 61: 1001-1005.

Kaye KS, Marchaim D, Chen TY, Chopra T, Anderson DJ, et al. (2011)
Predictors of nosocomial bloodstream infections in older adults. J Am Geriatr
Soc 59: 622-627.

Olsen MA, Higham-Kessler J, Yokoe DS, Butler AM, Vostok J, et al. (2009)
Developing a risk stratification model for surgical site infection after abdominal
hysterectomy. Infect Control Hosp Epidemiol 30: 1077-1083.

. Waisbren E, Rosen H, Bader AM, Lipsitz SR, Rogers SO Jr, et al. (2010)

Percent body fat and prediction of surgical site infection. J Am Coll Surg 210:
381-389.

DiLeo A, Piffer S, Ricci F, Manzi A, Poggi E, et al. (2009) Surgical site infections
in an ltalian surgical ward: a prospective study. Surg Infect (Larchmt) 10: 533-
538.

Beldi G, Bisch-Knaden S, Banz V, Mihlemann K, Candinas D (2009) Impact
of intraoperative behavior on surgical site infections. Am J Surg 198: 157-162.

Saito T, Shimazaki Y, Sakamoto M (1998) Obesity and periodontitis. N Engl J
Med 339: 482-483.

Suvan J, D’Aiuto F, Moles DR, Petrie A, Donos N (2011) Association between
overweight/obesity and periodontitis in adults. A systematic review. Obes Rev
12: €381-404.

Chaffee BW, Weston SJ (2010) Association between chronic periodontal
disease and obesity: a systematic review and meta-analysis. J Periodontol 81:
1708-1724.

. Torgerson JS, Lindroos AK, Naslund |, Peltonen M (2003) Gallstones,

Endocrinol Metab Synd
ISSN: 2161-1017 EMS, an open access journal

Volume 2 + Issue 2 + 1000113


http://www.ncbi.nlm.nih.gov/pubmed/11073456
http://www.ncbi.nlm.nih.gov/pubmed/11073456
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDAQFjAA&url=http%3A%2F%2Findexmedicus.afro.who.int%2Fiah%2Ffulltext%2FHIV-AIDS-Malnutrition.pdf&ei=7GofUvXiAY2nrAfcmYGIBg&usg=AFQjCNHlFU5ULJnsMQfgrD7Bdn4inBrW8Q&bvm=bv.51495398,d.bmk&ca
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDAQFjAA&url=http%3A%2F%2Findexmedicus.afro.who.int%2Fiah%2Ffulltext%2FHIV-AIDS-Malnutrition.pdf&ei=7GofUvXiAY2nrAfcmYGIBg&usg=AFQjCNHlFU5ULJnsMQfgrD7Bdn4inBrW8Q&bvm=bv.51495398,d.bmk&ca
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDAQFjAA&url=http%3A%2F%2Findexmedicus.afro.who.int%2Fiah%2Ffulltext%2FHIV-AIDS-Malnutrition.pdf&ei=7GofUvXiAY2nrAfcmYGIBg&usg=AFQjCNHlFU5ULJnsMQfgrD7Bdn4inBrW8Q&bvm=bv.51495398,d.bmk&ca
http://www.ncbi.nlm.nih.gov/pubmed/10076580
http://www.ncbi.nlm.nih.gov/pubmed/10076580
http://www.ncbi.nlm.nih.gov/pubmed/8680463
http://www.ncbi.nlm.nih.gov/pubmed/8680463
http://www.ncbi.nlm.nih.gov/pubmed/8680463
http://www.ncbi.nlm.nih.gov/pubmed/16354528
http://www.ncbi.nlm.nih.gov/pubmed/16354528
http://www.ncbi.nlm.nih.gov/pubmed/16354528
http://www.ncbi.nlm.nih.gov/pubmed/11298087
http://www.ncbi.nlm.nih.gov/pubmed/11298087
http://www.ncbi.nlm.nih.gov/pubmed/11298087
http://www.ncbi.nlm.nih.gov/pubmed/12142961
http://www.ncbi.nlm.nih.gov/pubmed/12142961
http://www.ncbi.nlm.nih.gov/pubmed/8281221
http://www.ncbi.nlm.nih.gov/pubmed/8281221
http://www.ncbi.nlm.nih.gov/pubmed/8281221
http://www.ncbi.nlm.nih.gov/pubmed/20107494
http://www.ncbi.nlm.nih.gov/pubmed/20107494
http://www.ncbi.nlm.nih.gov/pubmed/20107494
http://www.ncbi.nlm.nih.gov/pubmed/9570339
http://www.ncbi.nlm.nih.gov/pubmed/9570339
http://www.ncbi.nlm.nih.gov/pubmed/9570339
http://www.ncbi.nlm.nih.gov/pubmed/8805376
http://www.ncbi.nlm.nih.gov/pubmed/8805376
http://www.ncbi.nlm.nih.gov/pubmed/9473385
http://www.ncbi.nlm.nih.gov/pubmed/9473385
http://www.ncbi.nlm.nih.gov/pubmed/6965559
http://www.ncbi.nlm.nih.gov/pubmed/6965559
http://www.ncbi.nlm.nih.gov/pubmed/10525043
http://www.ncbi.nlm.nih.gov/pubmed/10525043
http://www.ncbi.nlm.nih.gov/pubmed/10525043
http://www.ncbi.nlm.nih.gov/pubmed/11079813
http://www.ncbi.nlm.nih.gov/pubmed/11079813
http://www.ncbi.nlm.nih.gov/pubmed/11079813
http://www.ncbi.nlm.nih.gov/pubmed/340468
http://www.ncbi.nlm.nih.gov/pubmed/340468
http://www.ncbi.nlm.nih.gov/pubmed/340468
http://www.ncbi.nlm.nih.gov/pubmed/15219927
http://www.ncbi.nlm.nih.gov/pubmed/15219927
http://www.ncbi.nlm.nih.gov/pubmed/9732873
http://www.ncbi.nlm.nih.gov/pubmed/9732873
http://www.ncbi.nlm.nih.gov/pubmed/9732873
http://www.ncbi.nlm.nih.gov/pubmed/704624
http://www.ncbi.nlm.nih.gov/pubmed/704624
http://www.ncbi.nlm.nih.gov/pubmed/17056524
http://www.ncbi.nlm.nih.gov/pubmed/17056524
http://www.ncbi.nlm.nih.gov/pubmed/17056524
http://www.ncbi.nlm.nih.gov/pubmed/16998795
http://www.ncbi.nlm.nih.gov/pubmed/16998795
http://www.ncbi.nlm.nih.gov/pubmed/19621195
http://www.ncbi.nlm.nih.gov/pubmed/19621195
http://www.ncbi.nlm.nih.gov/pubmed/19621195
http://www.ncbi.nlm.nih.gov/pubmed/16175608
http://www.ncbi.nlm.nih.gov/pubmed/16175608
http://www.ncbi.nlm.nih.gov/pubmed/11079819
http://www.ncbi.nlm.nih.gov/pubmed/11079819
http://www.ncbi.nlm.nih.gov/pubmed/17032237
http://www.ncbi.nlm.nih.gov/pubmed/17032237
http://www.ncbi.nlm.nih.gov/pubmed/17032237
http://www.ncbi.nlm.nih.gov/pubmed/13129912
http://www.ncbi.nlm.nih.gov/pubmed/13129912
http://www.ncbi.nlm.nih.gov/pubmed/13129912
http://www.ncbi.nlm.nih.gov/pubmed/10679132
http://www.ncbi.nlm.nih.gov/pubmed/10679132
http://www.ncbi.nlm.nih.gov/pubmed/10679132
http://www.ncbi.nlm.nih.gov/pubmed/19388836
http://www.ncbi.nlm.nih.gov/pubmed/19388836
http://www.ncbi.nlm.nih.gov/pubmed/19388836
http://www.ncbi.nlm.nih.gov/pubmed/18294226
http://www.ncbi.nlm.nih.gov/pubmed/18294226
http://www.ncbi.nlm.nih.gov/pubmed/9629027
http://www.ncbi.nlm.nih.gov/pubmed/9629027
http://www.ncbi.nlm.nih.gov/pubmed/9629027
http://www.ncbi.nlm.nih.gov/pubmed/17000398
http://www.ncbi.nlm.nih.gov/pubmed/17000398
http://www.ncbi.nlm.nih.gov/pubmed/17000398
http://www.ncbi.nlm.nih.gov/pubmed/21307724
http://www.ncbi.nlm.nih.gov/pubmed/21307724
http://www.ncbi.nlm.nih.gov/pubmed/21307724
http://www.ncbi.nlm.nih.gov/pubmed/21307724
http://www.ncbi.nlm.nih.gov/pubmed/20610250
http://www.ncbi.nlm.nih.gov/pubmed/20610250
http://www.ncbi.nlm.nih.gov/pubmed/18670756
http://www.ncbi.nlm.nih.gov/pubmed/18670756
http://www.ncbi.nlm.nih.gov/pubmed/18670756
http://www.ncbi.nlm.nih.gov/pubmed/15071392
http://www.ncbi.nlm.nih.gov/pubmed/15071392
http://www.ncbi.nlm.nih.gov/pubmed/15071392
http://www.ncbi.nlm.nih.gov/pubmed/18670754
http://www.ncbi.nlm.nih.gov/pubmed/18670754
http://www.ncbi.nlm.nih.gov/pubmed/18670754
http://www.ncbi.nlm.nih.gov/pubmed/7486411
http://www.ncbi.nlm.nih.gov/pubmed/7486411
http://www.ncbi.nlm.nih.gov/pubmed/21366545
http://www.ncbi.nlm.nih.gov/pubmed/21366545
http://www.ncbi.nlm.nih.gov/pubmed/21366545
http://www.ncbi.nlm.nih.gov/pubmed/19803722
http://www.ncbi.nlm.nih.gov/pubmed/19803722
http://www.ncbi.nlm.nih.gov/pubmed/19803722
http://www.ncbi.nlm.nih.gov/pubmed/20347729
http://www.ncbi.nlm.nih.gov/pubmed/20347729
http://www.ncbi.nlm.nih.gov/pubmed/20347729
http://www.ncbi.nlm.nih.gov/pubmed/19689197
http://www.ncbi.nlm.nih.gov/pubmed/19689197
http://www.ncbi.nlm.nih.gov/pubmed/19689197
http://www.ncbi.nlm.nih.gov/pubmed/19285307
http://www.ncbi.nlm.nih.gov/pubmed/19285307
http://www.ncbi.nlm.nih.gov/pubmed/9705695
http://www.ncbi.nlm.nih.gov/pubmed/9705695
http://www.ncbi.nlm.nih.gov/pubmed/21348914
http://www.ncbi.nlm.nih.gov/pubmed/21348914
http://www.ncbi.nlm.nih.gov/pubmed/21348914
http://www.ncbi.nlm.nih.gov/pubmed/20722533
http://www.ncbi.nlm.nih.gov/pubmed/20722533
http://www.ncbi.nlm.nih.gov/pubmed/20722533
http://www.ncbi.nlm.nih.gov/pubmed/12809825

Citation: Bandaru P, Rajkumar H, Nappanveettil G (2013) The Impact of Obesity on Immune Response to Infection and Vaccine: An Insight into
Plausible Mechanisms. Endocrinol Metab Synd 2: 113. doi:10.4172/2161-1017.1000113

Page 7 of 9

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

gallbladder disease, and pancreatitis: cross-sectional and 2-year data from
the Swedish Obese Subjects (SOS) and SOS reference studies. Am J
Gastroenterol 98: 1032-1041.

Martinez J, Sanchez-Paya J, Palazén JM, Suazo-Barahona J, Robles-Diaz G,
et al. (2004) Is obesity a risk factor in acute pancreatitis? A meta-analysis.
Pancreatology 4: 42-48.

Martinez J, Johnson CD, Sanchez-Paya J, de Madaria E, Robles-Diaz G, et
al. (2006) Obesity is a definitive risk factor of severity and mortality in acute
pancreatitis: an updated meta-analysis. Pancreatology 6: 206-209.

Sempere L, Martinez J, de Madaria E, Lozano B, Sanchez-Paya J, et al. (2008)
Obesity and fat distribution imply a greater systemic inflammatory response
and a worse prognosis in acute pancreatitis. Pancreatology 8: 257-264.

Evans AC, Papachristou Gl, Whitcomb DC (2010) Obesity and the risk of
severe acute pancreatitis. Minerva Gastroenterol Dietol 56: 169-179.

Yosipovitch G, DeVore A, Dawn A (2007) Obesity and the skin: skin physiology
and skin manifestations of obesity. J Am Acad Dermatol 56: 901-916.

Karppelin M, Siljander T, Vuopio-Varkila J, Kere J, Huhtala H, et al. (2010)
Factors predisposing to acute and recurrent bacterial non-necrotizing cellulitis
in hospitalized patients: a prospective case-control study. Clin Microbiol Infect
16: 729-734.

Bartholomeeusen S, Vandenbroucke J, Truyers C, Buntinx F (2007)
Epidemiology and comorbidity of erysipelas in primary care. Dermatology 215:
118-122.

Vessey MP, Metcalfe MA, McPherson K, Yeates D (1987) Urinary tract infection
in relation to diaphragm use and obesity. Int J Epidemiol 16: 441-444.

Semins MJ, Shore AD, Makary MA, Weiner J, Matlaga BR (2012) The impact
of obesity on urinary tract infection risk. Urology 79: 266-269.

Ribera MC, Pascual R, Orozco D, Pérez Barba C, Pedrera V, et al. (2006)
Incidence and risk factors associated with urinary tract infection in diabetic
patients with and without asymptomatic bacteriuria. Eur J Clin Microbiol Infect
Dis 25: 389-393.

Basu JK, Jeketera CM, Basu D (2010) Obesity and its outcomes among
pregnant South African women. Int J Gynaecol Obstet 110: 101-104.

Usha Kiran TS, Hemmadi S, Bethel J, Evans J (2005) Outcome of pregnancy in
a woman with an increased body mass index. BJOG 112: 768-772.

Lo lacono O, Venezia G, Petta S, Mineo C, De Lisi S, et al. (2007) The impact
of insulin resistance, serum adipocytokines and visceral obesity on steatosis
and fibrosis in patients with chronic hepatitis C. Aliment Pharmacol Ther 25:
1181-1191.

Delgado-Borrego A, Healey D, Negre B, Christofi M, Sabharwal S, et al. (2010)
Influence of body mass index on outcome of pediatric chronic hepatitis C virus
infection. J Pediatr Gastroenterol Nutr 51: 191-197.

Louie JK, Acosta M, Samuel MC, Schechter R, Vugia DJ, et al. (2011) A novel
risk factor for a novel virus: obesity and 2009 pandemic influenza A (H1N1).
Clin Infect Dis 52: 301-312.

Diaz E, Rodriguez A, Martin-Loeches |, Lorente L, del Mar Martin M, et al.
(2011) Impact of obesity in patients infected with 2009 influenza A(H1N1).
Chest 139: 382-386.

Riquelme R, Jiménez P, Videla AJ, Lopez H, Chalmers J, et al. (2011) Predicting
mortality in hospitalized patients with 2009 H1N1 influenza pneumonia. Int J
Tuberc Lung Dis 15: 542-546.

Fezeu L, Julia C, Henegar A, Bitu J, Hu FB, et al. (2011) Obesity is associated
with higher risk of intensive care unit admission and death in influenza A (H1N1)
patients: a systematic review and meta-analysis. Obes Rev 12: 653-659.

Van Kerkhove MD, Vandemaele KA, Shinde V, Jaramillo-Gutierrez G,
Koukounari A, et al. (2011) Risk factors for severe outcomes following 2009
influenza A (H1N1) infection: a global pooled analysis. PLoS Med 8: e1001053.

Smith AG, Sheridan PA, Harp JB, Beck MA (2007) Diet-induced obese mice
have increased mortality and altered immune responses when infected with
influenza virus. J Nutr 137: 1236-1243.

Zhang AJ, To KK, Li C, Lau CC, Poon VK, et al. (2013) Leptin mediates the
pathogenesis of severe 2009 pandemic influenza A(H1N1) infection associated
with cytokine dysregulation in mice with diet-induced obesity. J Infect Dis 207:
1270-1280.

69.

70.

7

N

72.

7

w

74.

7

o

76.

77.

78.

7

©

80.

8

=

82.

8

w

84.

85.

86.

8

hyg

88.

8

[{e}

90.

Kwong JC, Campitelli MA, Rosella LC (2011) Obesity and respiratory
hospitalizations during influenza seasons in Ontario, Canada: a cohort study.
Clin Infect Dis 53: 413-421.

Akiyama N, Segawa T, Ida H, Mezawa H, Noya M, et al. (2011) Bimodal effects
of obesity ratio on disease duration of respiratory syncytial virus infection in
children. Allergol Int 60: 305-308.

. Dossett LA, Heffernan D, Lightfoot M, Collier B, Diaz JJ, et al. (2008) Obesity

and pulmonary complications in critically injured adults. Chest 134: 974-980.

Brandt M, Harder K, Walluscheck KP, Schéttler J, Rahimi A, et al. (2001)
Severe obesity does not adversely affect perioperative mortality and morbidity
in coronary artery bypass surgery. Eur J Cardiothorac Surg 19: 662-666.

. Herwaldt LA, Cullen JJ, French P, Hu J, Pfaller MA, et al. (2004) Preoperative

risk factors for nasal carriage of Staphylococcus aureus. Infect Control Hosp
Epidemiol 25: 481-484.

Perdichizzi G, Bottari M, Pallio S, Fera MT, Carbone M, et al. (1996) Gastric
infection by Helicobacter pylori and antral gastritis in hyperglycemic obese and
in diabetic subjects. New Microbiol 19: 149-154.

. Bishara J, Farah R, Mograbi J, Khalaila W, Abu-Elheja O, et al. (2013) Obesity

as a Risk Factor for Clostridium difficile Infection. Clin Infect Dis 57: 489-493.

Ordway D, Henao-Tamayo M, Smith E, Shanley C, Harton M, et al. (2008)
Animal model of Mycobacterium abscessus lung infection. J Leukoc Biol 83:
1502-1511.

Mancuso P, Gottschalk A, Phare SM, Peters-Golden M, Lukacs NW, et al.
(2002) Leptin-deficient mice exhibit impaired host defense in Gram-negative
pneumonia. J Immunol 168: 4018-4024.

Hsu A, Aronoff DM, Phipps J, Goel D, Mancuso P (2007) Leptin improves
pulmonary bacterial clearance and survival in ob/ob mice during pneumococcal
pneumonia. Clin Exp Immunol 150: 332-339.

.Wieland CW, Florquin S, Chan ED, Leemans JC, Weijer S, et al. (2005)

Pulmonary Mycobacterium tuberculosis infection in leptin-deficient ob/ob mice.
Int Immunol 17: 1399-1408.

Park S, Rich J, Hanses F, Lee JC (2009) Defects in innate immunity predispose
C57BL/6J-Leprdb/Leprdb mice to infection by Staphylococcus aureus. Infect
Immun 77: 1008-1014.

.Wehrens A, Aebischer T, Meyer TF, Walduck AK (2008) Leptin receptor

signaling is required for vaccine-induced protection against Helicobacter pylori.
Helicobacter 13: 94-102.

Ikejima S, Sasaki S, Sashinami H, Mori F, Ogawa Y, et al. (2005) Impairment
of host resistance to Listeria monocytogenes infection in liver of db/db and ob/
ob mice. Diabetes 54: 182-189.

. Plotkin BJ, Paulson D, Chelich A, Jurak D, Cole J, et al. (1996) Immune

responsiveness in a rat model for type Il diabetes (Zucker rat, fa/fa):
susceptibility to Candida albicans infection and leucocyte function. J Med
Microbiol 44: 277-283.

Webb SR, Loria RM, Madge GE, Kibrick S (1976) Susceptibility of mice to
group B coxsackie virus is influenced by the diabetic gene. J Exp Med 143:
1239-1248.

Kanda T, Takahashi T, Kudo S, Takeda T, Tsugawa H, et al. (2004) Leptin
deficiency enhances myocardial necrosis and lethality in a murine model of
viral myocarditis. Life Sci 75: 1435-1447.

Amar S, Zhou Q, Shaik-Dasthagirisaheb Y, Leeman S (2007) Diet-induced
obesity in mice causes changes in immune responses and bone loss manifested
by bacterial challenge. Proc Natl Acad Sci U S A 104: 20466-20471.

. Strandberg L, Verdrengh M, Enge M, Andersson N, Amu S, et al. (2009) Mice

chronically fed high-fat diet have increased mortality and disturbed immune
response in sepsis. PLoS One 4: e7605.

Jain R, Chung SM, Jain L, Khurana M, Lau SW, et al. (2011) Implications of
obesity for drug therapy: limitations and challenges. Clin Pharmacol Ther 90:
77-89.

. Hollenstein UM, Brunner M, Schmid R, Miller M (2001) Soft tissue

concentrations of ciprofloxacin in obese and lean subjects following weight-
adjusted dosing. Int J Obes Relat Metab Disord 25: 354-358.

Hall RG 2nd, Payne KD, Bain AM, Rahman AP, Nguyen ST, et al. (2008)
Multicenter evaluation of vancomycin dosing: emphasis on obesity. Am J Med
121: 515-518.

Endocrinol Metab Synd
ISSN: 2161-1017 EMS, an open access journal

Volume 2 + Issue 2 + 1000113


http://www.ncbi.nlm.nih.gov/pubmed/12809825
http://www.ncbi.nlm.nih.gov/pubmed/12809825
http://www.ncbi.nlm.nih.gov/pubmed/12809825
http://www.ncbi.nlm.nih.gov/pubmed/14988657
http://www.ncbi.nlm.nih.gov/pubmed/14988657
http://www.ncbi.nlm.nih.gov/pubmed/14988657
http://www.ncbi.nlm.nih.gov/pubmed/16549939
http://www.ncbi.nlm.nih.gov/pubmed/16549939
http://www.ncbi.nlm.nih.gov/pubmed/16549939
http://www.ncbi.nlm.nih.gov/pubmed/18497538
http://www.ncbi.nlm.nih.gov/pubmed/18497538
http://www.ncbi.nlm.nih.gov/pubmed/18497538
http://www.ncbi.nlm.nih.gov/pubmed/20485254
http://www.ncbi.nlm.nih.gov/pubmed/20485254
http://www.ncbi.nlm.nih.gov/pubmed/17504714
http://www.ncbi.nlm.nih.gov/pubmed/17504714
http://www.ncbi.nlm.nih.gov/pubmed/19694769
http://www.ncbi.nlm.nih.gov/pubmed/19694769
http://www.ncbi.nlm.nih.gov/pubmed/19694769
http://www.ncbi.nlm.nih.gov/pubmed/19694769
http://www.ncbi.nlm.nih.gov/pubmed/17684373
http://www.ncbi.nlm.nih.gov/pubmed/17684373
http://www.ncbi.nlm.nih.gov/pubmed/17684373
http://www.ncbi.nlm.nih.gov/pubmed/3667045
http://www.ncbi.nlm.nih.gov/pubmed/3667045
http://www.ncbi.nlm.nih.gov/pubmed/22130358
http://www.ncbi.nlm.nih.gov/pubmed/22130358
http://www.ncbi.nlm.nih.gov/pubmed/16767487
http://www.ncbi.nlm.nih.gov/pubmed/16767487
http://www.ncbi.nlm.nih.gov/pubmed/16767487
http://www.ncbi.nlm.nih.gov/pubmed/16767487
http://www.ncbi.nlm.nih.gov/pubmed/20417513
http://www.ncbi.nlm.nih.gov/pubmed/20417513
http://www.ncbi.nlm.nih.gov/pubmed/15924535
http://www.ncbi.nlm.nih.gov/pubmed/15924535
http://www.ncbi.nlm.nih.gov/pubmed/17451564
http://www.ncbi.nlm.nih.gov/pubmed/17451564
http://www.ncbi.nlm.nih.gov/pubmed/17451564
http://www.ncbi.nlm.nih.gov/pubmed/17451564
http://www.ncbi.nlm.nih.gov/pubmed/20531022
http://www.ncbi.nlm.nih.gov/pubmed/20531022
http://www.ncbi.nlm.nih.gov/pubmed/20531022
http://www.ncbi.nlm.nih.gov/pubmed/21208911
http://www.ncbi.nlm.nih.gov/pubmed/21208911
http://www.ncbi.nlm.nih.gov/pubmed/21208911
http://www.ncbi.nlm.nih.gov/pubmed/20688928
http://www.ncbi.nlm.nih.gov/pubmed/20688928
http://www.ncbi.nlm.nih.gov/pubmed/20688928
http://www.ncbi.nlm.nih.gov/pubmed/21396216
http://www.ncbi.nlm.nih.gov/pubmed/21396216
http://www.ncbi.nlm.nih.gov/pubmed/21396216
http://www.ncbi.nlm.nih.gov/pubmed/21457180
http://www.ncbi.nlm.nih.gov/pubmed/21457180
http://www.ncbi.nlm.nih.gov/pubmed/21457180
http://www.ncbi.nlm.nih.gov/pubmed/21750667
http://www.ncbi.nlm.nih.gov/pubmed/21750667
http://www.ncbi.nlm.nih.gov/pubmed/21750667
http://www.ncbi.nlm.nih.gov/pubmed/17449587
http://www.ncbi.nlm.nih.gov/pubmed/17449587
http://www.ncbi.nlm.nih.gov/pubmed/17449587
http://www.ncbi.nlm.nih.gov/pubmed/23325916
http://www.ncbi.nlm.nih.gov/pubmed/23325916
http://www.ncbi.nlm.nih.gov/pubmed/23325916
http://www.ncbi.nlm.nih.gov/pubmed/23325916
http://www.ncbi.nlm.nih.gov/pubmed/21844024
http://www.ncbi.nlm.nih.gov/pubmed/21844024
http://www.ncbi.nlm.nih.gov/pubmed/21844024
http://www.ncbi.nlm.nih.gov/pubmed/21430434
http://www.ncbi.nlm.nih.gov/pubmed/21430434
http://www.ncbi.nlm.nih.gov/pubmed/21430434
http://www.ncbi.nlm.nih.gov/pubmed/18719063
http://www.ncbi.nlm.nih.gov/pubmed/18719063
http://www.ncbi.nlm.nih.gov/pubmed/11343949
http://www.ncbi.nlm.nih.gov/pubmed/11343949
http://www.ncbi.nlm.nih.gov/pubmed/11343949
http://www.ncbi.nlm.nih.gov/pubmed/15242196
http://www.ncbi.nlm.nih.gov/pubmed/15242196
http://www.ncbi.nlm.nih.gov/pubmed/15242196
http://www.ncbi.nlm.nih.gov/pubmed/8722311
http://www.ncbi.nlm.nih.gov/pubmed/8722311
http://www.ncbi.nlm.nih.gov/pubmed/8722311
http://www.ncbi.nlm.nih.gov/pubmed/23645850
http://www.ncbi.nlm.nih.gov/pubmed/23645850
http://www.ncbi.nlm.nih.gov/pubmed/18310351
http://www.ncbi.nlm.nih.gov/pubmed/18310351
http://www.ncbi.nlm.nih.gov/pubmed/18310351
http://www.ncbi.nlm.nih.gov/pubmed/11937559
http://www.ncbi.nlm.nih.gov/pubmed/11937559
http://www.ncbi.nlm.nih.gov/pubmed/11937559
http://www.ncbi.nlm.nih.gov/pubmed/17822444
http://www.ncbi.nlm.nih.gov/pubmed/17822444
http://www.ncbi.nlm.nih.gov/pubmed/17822444
http://www.ncbi.nlm.nih.gov/pubmed/16141243
http://www.ncbi.nlm.nih.gov/pubmed/16141243
http://www.ncbi.nlm.nih.gov/pubmed/16141243
http://www.ncbi.nlm.nih.gov/pubmed/19103772
http://www.ncbi.nlm.nih.gov/pubmed/19103772
http://www.ncbi.nlm.nih.gov/pubmed/19103772
http://www.ncbi.nlm.nih.gov/pubmed/18321299
http://www.ncbi.nlm.nih.gov/pubmed/18321299
http://www.ncbi.nlm.nih.gov/pubmed/18321299
http://www.ncbi.nlm.nih.gov/pubmed/15616027
http://www.ncbi.nlm.nih.gov/pubmed/15616027
http://www.ncbi.nlm.nih.gov/pubmed/15616027
http://www.ncbi.nlm.nih.gov/pubmed/8606356
http://www.ncbi.nlm.nih.gov/pubmed/8606356
http://www.ncbi.nlm.nih.gov/pubmed/8606356
http://www.ncbi.nlm.nih.gov/pubmed/8606356
http://www.ncbi.nlm.nih.gov/pubmed/772154
http://www.ncbi.nlm.nih.gov/pubmed/772154
http://www.ncbi.nlm.nih.gov/pubmed/772154
http://www.ncbi.nlm.nih.gov/pubmed/15240179
http://www.ncbi.nlm.nih.gov/pubmed/15240179
http://www.ncbi.nlm.nih.gov/pubmed/15240179
http://www.ncbi.nlm.nih.gov/pubmed/18077329
http://www.ncbi.nlm.nih.gov/pubmed/18077329
http://www.ncbi.nlm.nih.gov/pubmed/18077329
http://www.ncbi.nlm.nih.gov/pubmed/19865485
http://www.ncbi.nlm.nih.gov/pubmed/19865485
http://www.ncbi.nlm.nih.gov/pubmed/19865485
http://www.ncbi.nlm.nih.gov/pubmed/21633345
http://www.ncbi.nlm.nih.gov/pubmed/21633345
http://www.ncbi.nlm.nih.gov/pubmed/21633345
http://www.ncbi.nlm.nih.gov/pubmed/11319632
http://www.ncbi.nlm.nih.gov/pubmed/11319632
http://www.ncbi.nlm.nih.gov/pubmed/11319632
http://www.ncbi.nlm.nih.gov/pubmed/18501233
http://www.ncbi.nlm.nih.gov/pubmed/18501233
http://www.ncbi.nlm.nih.gov/pubmed/18501233

Citation: Bandaru P, Rajkumar H, Nappanveettil G (2013) The Impact of Obesity on Immune Response to Infection and Vaccine: An Insight into
Plausible Mechanisms. Endocrinol Metab Synd 2: 113. doi:10.4172/2161-1017.1000113

Page 8 of 9

91. Forse RA, Karam B, MacLean LD, Christou NV (1989) Antibiotic prophylaxis for
surgery in morbidly obese patients. Surgery 106: 750-756.

92. Thorne-Humphrey LM, Goralski KB, Slayter KL, Hatchette TF, Johnston BL,
et al. (2011) Oseltamivir pharmacokinetics in morbid obesity (OPTIMO ftrial). J
Antimicrob Chemother 66: 2083-2091.

93. O’Brien KB, Vogel P, Duan S, Govorkova EA, Webby RJ, et al. (2012) Impaired
wound healing predisposes obese mice to severe influenza virus infection. J
Infect Dis 205: 252-261.

94. Falagas ME, Karageorgopoulos DE (2010) Adjustment of dosing of antimicrobial
agents for bodyweight in adults. Lancet 375: 248-251.

95. Newman D, Scheetz MH, Adeyemi OA, Montevecchi M, Nicolau DP, et al.
(2007) Serum piperacillin/tazobactam pharmacokinetics in a morbidly obese
individual. Ann Pharmacother 41: 1734-1739.

96. Weber DJ, Rutala WA, Samsa GP, Santimaw JE, Lemon SM (1985) Obesity
as a predictor of poor antibody response to hepatitis B plasma vaccine. JAMA
254: 3187-3189.

97. Sim6 Mifiana J, Gaztambide Ganuza M, Fernandez Millan P, Pefia Fernandez
M (1996) Hepatitis B vaccine immunoresponsiveness in adolescents: a
revaccination proposal after primary vaccination. Vaccine 14: 103-106.

98. Young MD, Gooch WM 3rd, Zuckerman AJ, Du W, Dickson B, et al. (2001)
Comparison of a triple antigen and a single antigen recombinant vaccine for
adult hepatitis B vaccination. J Med Virol 64: 290-298.

99. Eliakim A, Schwindt C, Zaldivar F, Casali P, Cooper DM (2006) Reduced
tetanus antibody titers in overweight children. Autoimmunity 39: 137-141.

100.Claycombe K, King LE, Fraker PJ (2008) A role for leptin in sustaining
lymphopoiesis and myelopoiesis. Proc Natl Acad Sci U S A 105: 2017-2021.

101.Middleman AB, Anding R, Tung C (2010) Effect of needle length when
immunizing obese adolescents with hepatitis B vaccine. Pediatrics 125: e508-
512.

102.Sheridan PA, Paich HA, Handy J, Karlsson EA, Hudgens MG, et al. (2012)
Obesity is associated with impaired immune response to influenza vaccination
in humans. Int J Obes (Lond) 36: 1072-1077.

103.Talbot HK, Coleman LA, Crimin K, Zhu Y, Rock MT, et al. (2012) Association
between obesity and vulnerability and serologic response to influenza
vaccination in older adults. Vaccine 30: 3937-3943.

104.Bandaru P, Rajkumar H, Nappanveettil G (2011) Altered or impaired immune
response upon vaccination in WNIN/Ob rats. Vaccine 29: 3038-42.

105.Bandaru P, Rajkumar H, Nappanveettil G (2011) Altered or Impaired Immune
Response to Hepatitis B Vaccine in WNIN/GR-Ob Rat —An Obese Rat Model
with Impaired Glucose Tolerance. ISRN Endocrinol 2011: 980105.

106.Kim YH, Kim JK, Kim DJ, Nam JH, Shim SM, et al. (2012) Diet-induced obesity
dramatically reduces the efficacy of a 2009 pandemic H1N1 vaccine in a
mouse model. J Infect Dis 205: 244-251.

107.Jameson SC, Masopust D (2009) Diversity in T cell memory: an embarrassment
of riches. Immunity 31: 859-871.

108.Pearce EL, Shen H (2006) Making sense of inflammation, epigenetics, and
memory CD8+ T-cell differentiation in the context of infection. Immunol Rev
211: 197-202.

109.Karlsson EA, Sheridan PA, Beck MA (2010) Diet-induced obesity impairs the T
cell memory response to influenza virus infection. J Immunol 184: 3127-3133.

110. Procaccini C, Jirillo E, Matarese G (2012) Leptin as an immunomodulator. Mol
Aspects Med 33: 35-45.

111. Sanchez-Margalet V, Martin-Romero C, Santos-Alvarez J, Goberna R, Najib
S, et al. (2003) Role of leptin as an immunomodulator of blood mononuclear
cells: mechanisms of action. Clin Exp Immunol 133: 11-19.

112.Sanchez-Pozo C, Rodriguez-Bafio J, Dominguez-Castellano A, Muniain
MA, Goberna R, et al. (2003) Leptin stimulates the oxidative burst in control
monocytes but attenuates the oxidative burst in monocytes from HIV-infected
patients. Clin Exp Immunol 134: 464-469.

113. Caldefie-Chezet F, Poulin A, Tridon A, Sion B, Vasson MP (2001) Leptin:
a potential regulator of polymorphonuclear neutrophil bactericidal action? J
Leukoc Biol 69: 414-418.

114.Zhao Y, Sun R, You L, Gao C, Tian Z (2003) Expression of leptin receptors
and response to leptin stimulation of human natural killer cell lines. Biochem
Biophys Res Commun 300: 247-252.

115. Martin-Romero C, Santos-Alvarez J, Goberna R, Sanchez-Margalet V (2000)
Human leptin enhances activation and proliferation of human circulating T
lymphocytes. Cell Immunol 199: 15-24.

116. Lord GM, Matarese G, Howard JK, Bloom SR, Lechler Rl (2002) Leptin inhibits
the anti-CD3-driven proliferation of peripheral blood T cells but enhances the
production of proinflammatory cytokines. J Leukoc Biol 72: 330-338.

117.Fujita Y, Murakami M, Ogawa Y, Masuzaki H, Tanaka M, et al. (2002) Leptin
inhibits stress-induced apoptosis of T lymphocytes. Clin Exp Immunol 128:
21-26.

118.De Rosa V, Procaccini C, Cali G, Pirozzi G, Fontana S, et al. (2007) A key role
of leptin in the control of regulatory T cell proliferation. Immunity 26: 241-255.

119. Matarese G, Di Giacomo A, Sanna V, Lord GM, Howard JK, et al. (2001)
Requirement for leptin in the induction and progression of autoimmune
encephalomyelitis. J Immunol 166: 5909-5916.

120.Martin SS, Qasim A, Reilly MP (2008) Leptin resistance: a possible interface
of inflammation and metabolism in obesity-related cardiovascular disease. J
Am Coll Cardiol 52: 1201-1210.

121.Miyara M, Sakaguchi S (2007) Natural regulatory T cells: mechanisms of
suppression. Trends Mol Med 13: 108-116.

122.Trischitta V, Brunetti A, Chiavetta A, Benzi L, Papa V, et al. (1989) Defects in
insulin-receptor internalization and processing in monocytes of obese subjects
and obese NIDDM patients. Diabetes 38: 1579-1584.

123.Stentz FB, Kitabchi AE (2003) Activated T lymphocytes in Type 2 diabetes:
implications from in vitro studies. Curr Drug Targets 4: 493-503.

124.Viardot A, Grey ST, Mackay F, Chisholm D (2007) Potential antiinflammatory
role of insulin via the preferential polarization of effector T cells toward a T
helper 2 phenotype. Endocrinology 148: 346-353.

125.Helderman JH (1981) Role of insulin in the intermediary metabolism of the
activated thymic-derived lymphocyte. J Clin Invest 67: 1636-1642.

126.Maciver NJ, Jacobs SR, Wieman HL, Wofford JA, Coloff JL, et al. (2008)
Glucose metabolism in lymphocytes is a regulated process with significant
effects on immune cell function and survival. J Leukoc Biol 84: 949-957.

127.Wolowczuk |, Verwaerde C, Viltart O, Delanoye A, Delacre M, et al. (2008)
Feeding our immune system: impact on metabolism. Clin Dev Immunol 2008:
639803.

128.Frauwirth KA, Thompson CB (2004) Regulation of T lymphocyte metabolism.
J Immunol 172: 4661-4665.

129.Fu Y, Maianu L, Melbert BR, Garvey WT (2004) Facilitative glucose transporter
gene expression in human lymphocytes, monocytes, and macrophages: a
role for GLUT isoforms 1, 3, and 5 in the immune response and foam cell
formation. Blood Cells Mol Dis 32: 182-190.

130.Stentz FB, Kitabchi AE (2005) Hyperglycemia-induced activation of human
T-lymphocytes with de novo emergence of insulin receptors and generation
of reactive oxygen species. Biochem Biophys Res Commun 335: 491-495.

131.Jacobs SR, Herman CE, Maciver NJ, Wofford JA, Wieman HL, et al. (2008)
Glucose uptake is limiting in T cell activation and requires CD28-mediated Akt-
dependent and independent pathways. J Immunol 180: 4476-4486.

132.Weatherill AR, Lee JY, Zhao L, Lemay DG, Youn HS, et al. (2005) Saturated
and polyunsaturated fatty acids reciprocally modulate dendritic cell functions
mediated through TLR4. J Immunol 174: 5390-5397.

133.Fox CJ, Hammerman PS, Thompson CB (2005) Fuel feeds function: energy
metabolism and the T-cell response. Nat Rev Immunol 5: 844-852.

134.Frauwirth KA, Riley JL, Harris MH, Parry RV, Rathmell JC, et al. (2002) The
CD28 signaling pathway regulates glucose metabolism. Immunity 16: 769-
777.

135.Edinger AL, Thompson CB (2002) Akt maintains cell size and survival by
increasing mTOR-dependent nutrient uptake. Mol Biol Cell 13: 2276-2288.

136.Jones RG, Thompson CB (2007) Revving the engine: signal transduction fuels
T cell activation. Immunity 27: 173-178.

137.Araki K, Turner AP, Shaffer VO, Gangappa S, Keller SA, et al. (2009) mTOR
regulates memory CD8 T-cell differentiation. Nature 460: 108-112.

138.Tremblay F, Marette A (2001) Amino acid and insulin signaling via the mTOR/
p70 S6 kinase pathway. A negative feedback mechanism leading to insulin
resistance in skeletal muscle cells. J Biol Chem 276: 38052-38060.

Endocrinol Metab Synd
ISSN: 2161-1017 EMS, an open access journal

Volume 2 + Issue 2 + 1000113


http://www.ncbi.nlm.nih.gov/pubmed/2799651
http://www.ncbi.nlm.nih.gov/pubmed/2799651
http://www.ncbi.nlm.nih.gov/pubmed/21700623
http://www.ncbi.nlm.nih.gov/pubmed/21700623
http://www.ncbi.nlm.nih.gov/pubmed/21700623
http://www.ncbi.nlm.nih.gov/pubmed/22147799
http://www.ncbi.nlm.nih.gov/pubmed/22147799
http://www.ncbi.nlm.nih.gov/pubmed/22147799
http://www.ncbi.nlm.nih.gov/pubmed/19875163
http://www.ncbi.nlm.nih.gov/pubmed/19875163
http://www.ncbi.nlm.nih.gov/pubmed/17726066
http://www.ncbi.nlm.nih.gov/pubmed/17726066
http://www.ncbi.nlm.nih.gov/pubmed/17726066
http://www.ncbi.nlm.nih.gov/pubmed/2933532
http://www.ncbi.nlm.nih.gov/pubmed/2933532
http://www.ncbi.nlm.nih.gov/pubmed/2933532
http://www.ncbi.nlm.nih.gov/pubmed/8852404
http://www.ncbi.nlm.nih.gov/pubmed/8852404
http://www.ncbi.nlm.nih.gov/pubmed/8852404
http://www.ncbi.nlm.nih.gov/pubmed/11424117
http://www.ncbi.nlm.nih.gov/pubmed/11424117
http://www.ncbi.nlm.nih.gov/pubmed/11424117
http://www.ncbi.nlm.nih.gov/pubmed/16698670
http://www.ncbi.nlm.nih.gov/pubmed/16698670
http://www.ncbi.nlm.nih.gov/pubmed/18250302
http://www.ncbi.nlm.nih.gov/pubmed/18250302
http://www.ncbi.nlm.nih.gov/pubmed/20142295
http://www.ncbi.nlm.nih.gov/pubmed/20142295
http://www.ncbi.nlm.nih.gov/pubmed/20142295
http://www.ncbi.nlm.nih.gov/pubmed/22024641
http://www.ncbi.nlm.nih.gov/pubmed/22024641
http://www.ncbi.nlm.nih.gov/pubmed/22024641
http://www.ncbi.nlm.nih.gov/pubmed/22484350
http://www.ncbi.nlm.nih.gov/pubmed/22484350
http://www.ncbi.nlm.nih.gov/pubmed/22484350
http://www.ncbi.nlm.nih.gov/pubmed/21320543
http://www.ncbi.nlm.nih.gov/pubmed/21320543
http://www.ncbi.nlm.nih.gov/pubmed/22147801
http://www.ncbi.nlm.nih.gov/pubmed/22147801
http://www.ncbi.nlm.nih.gov/pubmed/22147801
http://www.ncbi.nlm.nih.gov/pubmed/20064446
http://www.ncbi.nlm.nih.gov/pubmed/20064446
http://www.ncbi.nlm.nih.gov/pubmed/16824128
http://www.ncbi.nlm.nih.gov/pubmed/16824128
http://www.ncbi.nlm.nih.gov/pubmed/16824128
http://www.ncbi.nlm.nih.gov/pubmed/20173021
http://www.ncbi.nlm.nih.gov/pubmed/20173021
http://www.ncbi.nlm.nih.gov/pubmed/22040697
http://www.ncbi.nlm.nih.gov/pubmed/22040697
http://www.ncbi.nlm.nih.gov/pubmed/12823272
http://www.ncbi.nlm.nih.gov/pubmed/12823272
http://www.ncbi.nlm.nih.gov/pubmed/12823272
http://www.ncbi.nlm.nih.gov/pubmed/14632752
http://www.ncbi.nlm.nih.gov/pubmed/14632752
http://www.ncbi.nlm.nih.gov/pubmed/14632752
http://www.ncbi.nlm.nih.gov/pubmed/14632752
http://www.ncbi.nlm.nih.gov/pubmed/11261788
http://www.ncbi.nlm.nih.gov/pubmed/11261788
http://www.ncbi.nlm.nih.gov/pubmed/11261788
http://www.ncbi.nlm.nih.gov/pubmed/12504075
http://www.ncbi.nlm.nih.gov/pubmed/12504075
http://www.ncbi.nlm.nih.gov/pubmed/12504075
http://www.ncbi.nlm.nih.gov/pubmed/10675271
http://www.ncbi.nlm.nih.gov/pubmed/10675271
http://www.ncbi.nlm.nih.gov/pubmed/10675271
http://www.ncbi.nlm.nih.gov/pubmed/12149424
http://www.ncbi.nlm.nih.gov/pubmed/12149424
http://www.ncbi.nlm.nih.gov/pubmed/12149424
http://www.ncbi.nlm.nih.gov/pubmed/11982586
http://www.ncbi.nlm.nih.gov/pubmed/11982586
http://www.ncbi.nlm.nih.gov/pubmed/11982586
http://www.ncbi.nlm.nih.gov/pubmed/17307705
http://www.ncbi.nlm.nih.gov/pubmed/17307705
http://www.ncbi.nlm.nih.gov/pubmed/11342605
http://www.ncbi.nlm.nih.gov/pubmed/11342605
http://www.ncbi.nlm.nih.gov/pubmed/11342605
http://www.ncbi.nlm.nih.gov/pubmed/18926322
http://www.ncbi.nlm.nih.gov/pubmed/18926322
http://www.ncbi.nlm.nih.gov/pubmed/18926322
http://www.ncbi.nlm.nih.gov/pubmed/17257897
http://www.ncbi.nlm.nih.gov/pubmed/17257897
http://www.ncbi.nlm.nih.gov/pubmed/2684714
http://www.ncbi.nlm.nih.gov/pubmed/2684714
http://www.ncbi.nlm.nih.gov/pubmed/2684714
http://www.ncbi.nlm.nih.gov/pubmed/12866664
http://www.ncbi.nlm.nih.gov/pubmed/12866664
http://www.ncbi.nlm.nih.gov/pubmed/17008395
http://www.ncbi.nlm.nih.gov/pubmed/17008395
http://www.ncbi.nlm.nih.gov/pubmed/17008395
http://www.ncbi.nlm.nih.gov/pubmed/6787080
http://www.ncbi.nlm.nih.gov/pubmed/6787080
http://www.ncbi.nlm.nih.gov/pubmed/18577716
http://www.ncbi.nlm.nih.gov/pubmed/18577716
http://www.ncbi.nlm.nih.gov/pubmed/18577716
http://www.ncbi.nlm.nih.gov/pubmed/18350123
http://www.ncbi.nlm.nih.gov/pubmed/18350123
http://www.ncbi.nlm.nih.gov/pubmed/18350123
http://www.ncbi.nlm.nih.gov/pubmed/15067038
http://www.ncbi.nlm.nih.gov/pubmed/15067038
http://www.ncbi.nlm.nih.gov/pubmed/14757434
http://www.ncbi.nlm.nih.gov/pubmed/14757434
http://www.ncbi.nlm.nih.gov/pubmed/14757434
http://www.ncbi.nlm.nih.gov/pubmed/14757434
http://www.ncbi.nlm.nih.gov/pubmed/16084832
http://www.ncbi.nlm.nih.gov/pubmed/16084832
http://www.ncbi.nlm.nih.gov/pubmed/16084832
http://www.ncbi.nlm.nih.gov/pubmed/18354169
http://www.ncbi.nlm.nih.gov/pubmed/18354169
http://www.ncbi.nlm.nih.gov/pubmed/18354169
http://www.ncbi.nlm.nih.gov/pubmed/15843537
http://www.ncbi.nlm.nih.gov/pubmed/15843537
http://www.ncbi.nlm.nih.gov/pubmed/15843537
http://www.ncbi.nlm.nih.gov/pubmed/16239903
http://www.ncbi.nlm.nih.gov/pubmed/16239903
http://www.ncbi.nlm.nih.gov/pubmed/12121659
http://www.ncbi.nlm.nih.gov/pubmed/12121659
http://www.ncbi.nlm.nih.gov/pubmed/12121659
http://www.ncbi.nlm.nih.gov/pubmed/12134068
http://www.ncbi.nlm.nih.gov/pubmed/12134068
http://www.ncbi.nlm.nih.gov/pubmed/17723208
http://www.ncbi.nlm.nih.gov/pubmed/17723208
http://www.ncbi.nlm.nih.gov/pubmed/19543266
http://www.ncbi.nlm.nih.gov/pubmed/19543266
http://www.ncbi.nlm.nih.gov/pubmed/11498541
http://www.ncbi.nlm.nih.gov/pubmed/11498541
http://www.ncbi.nlm.nih.gov/pubmed/11498541

Citation: Bandaru P, Rajkumar H, Nappanveettil G (2013) The Impact of Obesity on Immune Response to Infection and Vaccine: An Insight into
Plausible Mechanisms. Endocrinol Metab Synd 2: 113. doi:10.4172/2161-1017.1000113

Page 9 of 9

139.Morris DL, Rui L (2009) Recent advances in understanding leptin signaling
and leptin resistance. Am J Physiol Endocrinol Metab 297: E1247-1259.

140.Sudarsanam S, Johnson DE (2010) Functional consequences of mTOR
inhibition. Curr Opin Drug Discov Devel 13: 31-40.

141.Roome AJ, Walsh SJ, Cartter ML, Hadler JL (1993) Hepatitis B vaccine
responsiveness in Connecticut public safety personnel. JAMA 270:2931-
2934.

142.Wood RC, MacDonald KL, White KE, Hedberg CW, Hanson M, Osterholm
MT (1993). Risk factors for lack of detectable antibody following hepatitis B
vaccination of Minnesota health care workers. JAMA 270:2935-2939.

143.Averhoff F, Mahoney F, Coleman P, Schatz G, Hurwitz E, Margolis H
(1998). Immunogenicity of Hepatitis B vaccines: implications for persons at
occupational risk of Hepatitis B virus infection. Am J Prev Med 15:1-8

Endocrinol Metab Synd
ISSN: 2161-1017 EMS, an open access journal

Volume 2 + Issue 2 + 1000113


http://www.ncbi.nlm.nih.gov/pubmed/19724019
http://www.ncbi.nlm.nih.gov/pubmed/19724019
http://www.ncbi.nlm.nih.gov/pubmed/20047144
http://www.ncbi.nlm.nih.gov/pubmed/20047144

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Obesity and Immune Status 
	Human studies 
	Animal studies 

	Obesity and Vulnerability to Infectious Diseases 
	Human studies 
	Obesity and clinical settings 
	Nosocomial and surgical infections 
	Periodontitis 
	Pancreatitis
	Skin infections and cellulitis 
	Urinary tract infections 
	Viral hepatitis 
	Influenza
	Rodent models of obesity and infection 
	Viral infections  
	Drug dosing in obesity 

	Obesity and Immune Response to Vaccination 
	Human studies 
	Animal studies  

	Vaccine and Cellular Immune Response 
	Suggested Mechanisms for the Observed Altered Immunity in Obesity 
	Role of Nutrients  
	Implications 
	Table 1
	References

