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Introduction
In patients after an extensive surgery, in patients with

infections and in oncological patients requiring radio- or
chemotherapy, some hopes for improvement in their immu-
nity and treatment results are connected with parenteral or
enteral administration of immunologically-active substances.
Immunologically active components of nutritional formu-
lations used in the immunity-supporting nutritional treat-
ment (immunonutrition, immunomodulating nutrition) have
a significant role in control of functioning of cells partici-
pating in the innate and the adaptive immune response to
the surgical injury and infection. The general mechanism
of immunonutrition is based on modulating the immune
system functioning or the consequences of its activation
with specific nutrients (e.g. amino acids, fatty acids) admin-
istered in amounts above those normally encountered in the
diet [1, 2]. Immunomodulation with immunonutrition inter-
feres with mechanisms of the immunological response,
including injury, infection and malnutrition, through increas-
ing its activity – stimulation, or inhibiting it – suppression.
A current concept of the immunonutrition in severely ill

and surgical patients aims at achieving better treatment
results through improvement in functioning of the intes-
tinal barrier, as well as through decreasing immunosup-
pression, limiting an excessive inflammatory response (sys-
temic inflammatory response syndrome – SIRS) and
improving healing of the wound [3]. It is known that cor-
rect healing of a postoperative wound requires an increased
supply of nutrients, to maintain activity of the immune cells,
including neutrophils, macrophages and lymphocytes, and
to contain the infection [4]. A particularly important part
of the nutritional treatment in surgical patients is supply-
ing nutrients to cells of the gut associated lymphoid tissue
(GALT) to ensure their correct functioning [5-7]. The main
objective of the immunomodulating nutritional treatment
is to limit the local and systemic inflammatory response
(SIRS), following an extensive surgical treatment, injury
or severe infection. Mediators in that immune response are
cytokines, and in particular tumour necrosis factor (TNF)
and interleukin 1 (IL-1), chemokines, components of the
complementary system, eicosanoids, nitrogen oxide, free
radicals and adhesion molecules. Factors participating in it
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include components of the innate inflammatory response,
i.e. neutrophils, macrophages, Toll-like receptors (TLR) and
the nuclear factor κB (NF-κB) [3, 8-13].

In the surgical patients a significant role in regulation
of the local and systemic response to injury and infection
is played mainly by TLR receptors present on cells of intes-
tinal mucosa and cells participating in the innate immune
response to a massive infection. A prolonged and excessive
SIRS reaction leads to quick depletion of nutrients [14, 15].
It is accompanied by the compensatory anti-inflammatory
response (CARS) reaction which, similarly to SIRS, may
lead to the multiple organ failure (MOF). In that period of
the immune response (CARS), disturbances of the adaptive
immunity occur, in particular, disturbances in cooperation
of macrophages, dendritic cells and lymphocytes, as well
as disturbances in antigen presentation, apoptosis of lym-
phocytes, increased IL-4 and IL-10 production and
increased immunosuppression [3]. Main nutrients in the
immunonutrition are: arginine, glutamine, omega-3 fatty
acids, lipid emulsions, nucleotides and antioxidants 
(β-carotene, vitamins C and E, selenium, zinc, copper). The
immunologically active components of nutritional formu-
lations may increase activity of the immune system cells
(arginine, glutamine) and contain the inflammatory process
(fatty acids). The immunomodulating effect of unsaturated
fatty acids may results in a reduced activity of neutrophils,
monocytes and lymphocytes, and production of cytokines
[16-18]. The immunostimulating effect of amino acids
increases phagocytic activity of leukocytes, increases resist-
ance to infections and accelerates the wound healing process
[7, 19-23].

Clinical aspects of immunonutrition
In the randomised trials it was shown that immunonu-

trition improved a clinical course of an illness, reduced fre-
quency of severe infections, shortened patient’s stay at
a hospital, reduced of treatment costs and significantly re du -
ced the death rate in severely ill patients with MOF [24-31].
Those advantages were most convincing in the surgical
patients. In patients with severe injuries and infections
receiving immunonutrition, a significant reduction in dura-
tion of the SIRS and significant reduction in incidence of
MOF was observed. In clinical studies the immunomodu-
lating nutrition (containing arginine, nucleotides and n-3
fatty acids) reduced incidence of infectious complications
in severely ill patients with injuries and after oncological
surgeries. Results of a meta-analysis of randomised trials
showed that in a group of the most severely ill patients (with
SIRS/sepsis/ARDS), the immunomodulating treatment with
glutamine and fatty acids improved treatment results; which
was not confirmed for enteral administration of arginine
[32]. Another meta-analysis concerning results of periop-
erative application of immunonutrition in patients operat-
ed for neoplasms of the gastrointestinal tract, showed reduc-

tion in incidence of postoperative complications, shorter
stay in a hospital and improvement in selected immunity
parameters (increase in the total number of lymphocytes,
subpopulation of CD4 cells and IgG levels, and reduction
in IL-6 levels) [33]. Multicentre studies showed that use of
immunonutrition (glutamine with antioxidants) in severely
ill patients treated at intensive care units significantly
reduced morbidity and the death rate [34]. Within last 
10 years no harmful effect of glutamine (daily doses of 
10-30 g) was demonstrated even in critically ill patients. In
patients treated at an intensive care unit a risk of death was
significantly reduced after using parenteral nutrition con-
taining glutamine (at a dose of 0.2-0.57 g glutamine/kg
b.w./day) [7, 35]. The studies were conducted in various
populations of patients, in whom various nutrition regimes
were used, and this is a significant obstacle in comparing
the results. In most of those studies changes in the nutri-
tional status and immunity during immunomodulating nutri-
tion were not monitored simultaneously. Although the ben-
eficial effect of immunonutrition was found, in particular,
for a treatment of the surgical patients, yet the mechanism
of the nutrition influence on the immune system is still
unclear. Lack of that knowledge is one of the fundamental
reasons for clinical failure of an immunonutrition treatment
in various groups of patients, confirmed by results of the
recent studies.

In the recently published large meta-analysis (2730
patients) it was demonstrated that after extensive gastroen-
terological surgeries, perioperative enteral immunonutrition
reduced incidence of complications and duration of hospi-
talisation, but did not influence the death rate [36].
Immunonutrition applied regularly in the perioperative peri-
od was of no effect on improvement of treatment results in
patients after elective gastrointestinal surgery [37]. In pa -
tients with acute pancreatitis, enteral immunonutrition (with
glutamine, arginine and/or omega-3 acids) did not improve
treatment results; incidence of complications, duration of
hospitalisation and the death rate were assessed [38]. In
a group of 3013 patients treated with immunonutrition,
mainly at intensive care units, where a diet enriched in argi-
nine without glutamine and fish oil was used, no improve-
ment of treatment results was found versus standard nutri-
tion [39].

With the increasing number of meta-analyses covering
large groups of patients, it was demonstrated that immu -
nonutrition could have adverse effects. In patients with
severe infections treated with enteral nutrition containing
arginine the death rate was higher [40, 41]. In the latest stud-
ies the increased death rate was also recorded for patients
treated with fatty acids at intensive care units [42, 43]. 
In other studies, use of lipid emulsions in patients after sur-
gical treatment and in critically ill ones increased incidence
of complications [44]. No improvement after treatment with
lipid emulsions was also observed in large review studies.
Results of studies evaluating various immunological para -
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meters varied, and that additionally hampered determining
indications for use of lipid emulsions.

As results of many meta-analyses showed, immunonu-
trition should be applied with great caution and only in
selected groups of patients. High levels of immunological-
ly active nutrients may be harmful [45]. Use of glutamine
in patients for planned surgeries, with severe infections and
respiratory failure is not justified (guidelines of the Euro-
pean Society for Clinical Nutrition and Metabolism –
ESPEN). On the other hand, its enteral administration 
(20-30 g daily) improves treatment results in patients with
injuries and with burns. Arginine should not be used in
patients with severe infections (sepsis). Administration of
arginine (at a dose of 12 g/day) to patients for planned sur-
geries, with injuries and burns, is advantageous (guidelines
of the American Society for Parenteral and Enteral Nutri-
tion – ASPEN). Omega-3 fatty acids are recommended
mainly for patients with acute respiratory failure during
severe infection (e.g. enterally within 24-48 hours of admis-
sion, at a dose of 7-10 g EPA/DHA per day, ESPEN and
ASPEN guidelines).

The review of the latest clinical results indicates that
immunonutrition in a group of the most severely ill patients
should not be used without monitoring of selected immuno-
logical parameters. This requires appropriate laboratory
facilities available in specialist centres, allowing evaluation
of adverse changes in immunity during the nutritional treat-
ment (e.g. increase in SIRS or CARS response). It is known
that increasing malnutrition related to an underlying disease
(e.g. neoplasm), injury and infection significantly affects
immunity. The effect of malnutrition on the immune sys-
tem cells is related, amongst the others, to increased
immunosuppression (lack of energy substrates for cells,
reduction in number and activity of Th1 lymphocytes, dom-
inating activity of Th2 lymphocytes), disturbed regulation
of the inflammatory response (change in production of
cytokines, chemokines), increased cell apoptosis (apopto-
sis of lymphocytes and intestinal endothelial cells with
inflammatory lesions) and to disturbances in a signal trans-
mission to a cell (disturbances in tyrosine kinase phospho-
rylation and activation of transcription factors). The nutri-
ents should be selected depending on a treated group of
patients and a current immunity status. Administering nutri-
tion increasing the initial inflammatory response (e.g. argi-
nine or soya bean oil based lipid emulsions with high lev-
els of omega-6 fatty acids) during overwhelming SIRS
reaction will intensify SIRS and increase a risk of a severe
infection and MOF. Increase in immunosuppression during
intensive CARS reaction (e.g. by administering a lipid emul-
sion with increased content of omega-3 fatty acids) may
cause an irreversible immunological paralysis and MOF. It
is known that omega-3 fatty acids increase apoptosis of Th1
lymphocytes, reduce proliferation of lymphocytes and
monocytes, chemotaxis and adherence of leucocytes, and
have a strong anti-inflammatory and immunosuppressive

effect. The answer to the question, whether increased effec-
tiveness of immunonutrition should be connected to regu-
lation of mechanism of the inflammatory response to mas-
sive infection by supplying appropriate “fuel” to the immune
system cells, requires further studies. It is still unknown
whether for improvement in immunity it is sufficient to sup-
plement nutritional deficiencies (hoping for autoregulation
of immunity disorders), or, at this stage of studies, it is bet-
ter to limit nutritional intervention in poorly known
immunological mechanisms.

Immunomodulation with fatty acids
An interesting example for regulation with immuno -

modulating nutrition of immunological disorders accom-
panying malnutrition is advancement in a treatment of
severely ill patients with lipid emulsions. It is known they
have both pro- and anti-inflammatory effect. The clinical
tests show a significant improvement in treatment results
after modifications in composition of standard lipid emul-
sions by reducing content of linoleic acid (omega-6 fatty
acids) in favour of oleinic (omega-9 MUFA), linolenic, and
EPA and DHA (omega-3 acids) acids, being precursors of
series-3 prostaglandins and tromboxanes, series-5 leu-
cotrienes, resolvins and D1 protectins with anti-inflamma-
tory effect.

A limiting pro-inflammatory effect of soya bean oil
based lipid emulsions by decreasing synthesis of pro-inflam-
matory leucotriens and prostaglandins (reduction of SIRS)
was connected to a reduced incidence of complications in
a group of parenterally fed patients [46]. A concept of
replacing n-6 PUFA acids with medium-chain triglycerides
(MCT), not being precursors of pro-inflammatory
eicosanoids, was a next step in modification of the lipid
emulsion composition. It was demonstrated they were resist-
ant to peroxidation, reducing oxidative stress, as well as
being more “immuno-neutral” [47, 48]. It was found, 
however, they could increase lipid membrane liquidity in
granulocytes, decrease leukocytes migration, increase pro-
duction of pro-inflammatory mediators and cause cardio-
vascular disorders. In enteral feeding in patients with acute
respiratory failure (ARDS) treated at an intensive care unit,
pro-inflammatory γ-linolenic acid (18:3 n-6) was combined
with anti-inflammatory n-3 acids (EPA), with a significant
improvement in treatment results [49-51]. Administering
in parenteral feeding n-3 PUFAs to patients after extensive
surgical treatment (study covered 661 patients) shortened
stay at ICU and in a hospital [52, 53]. In the randomise stud-
ies it was demonstrated that a treatment with lipid emul-
sions containing MCT/LCT triglycerides, fish oil, olive oil,
did not have a significant effect on the death rate and inci-
dence of infections in patients treated at ICU [54, 55]. Use
of olive oil (n-9 MUFA) in parenteral nutrition, on the oth-
er hand, significantly shortened time of mechanical venti-
lation and duration of those patients’ stay at an intensive
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care unit, versus emulsions containing MCT/LCT. In the 
n-9 MUFA effect on the immune system, most often dom-
inated the inhibiting influence on release of chemokines and
adhesion molecules, low susceptibility to peroxidation and
limited influence on production of eicosanoids (they are
“immuno-neutral”), and significant reduction in the inflam-
matory response (reduction in TNF, IL-6, IL-8), versus
MCT/LCT emulsions.

It should be emphasised that while waiting for further
randomised clinical trials, parenteral nutritional treatment
with lipid emulsions demonstrating the highest immuno-
logical activity (with high content of omega-6 and omega-3
acids) should be used with great caution in severely ill
patients, particularly when changes in immunity are not
monitored. Treating that group of patients with PUFAs
(without immunological monitoring) may contribute to more
pronounced oxidative stress, intensified immunosuppres-
sion and deteriorated treatment results. To improve the treat-
ment results for patients in a severe condition, at this stage
of knowledge development immunonutrition should be
treated as auxiliary for the main therapy (supplementing
protein and energy deficiencies, as well as other nutrients,
with n-6 PUFA content limited in favour of n-9 MUFA and
MCT/LCT). Poorly known mechanisms regulating immu-
nity disorders in severely ill patients justify a treatment with
emulsions having a reduced influence on the immune sys-
tem (Fig. 1).

To improve treatment results in the group of severely
ill patients after extensive surgery more attention should be

paid to explaining molecular mechanisms regulating innate
antibacterial response. A prerequisite for advancement in
treatment of those patients is more detailed knowledge about
influence of the nutrition status and severe infections, and
of nutritional treatment on expression of genes of selected
proteins in the signal pathways of the innate antibacterial
response cells. It is known that immunonutrition with fatty
acids may have an selective inhibitory effect on a signal
cascade related to the innate antibacterial response (main-
ly leukocytes and macrophages), independently at each
stage of: a) interaction of endotoxin with the TLR-4 recep-
tor, b) activation of kinases phosphorylating the inhibitor
of transcription factor NF-κB (IκB) and c) translocation to
the nucleus and binding of NF-κB to an appropriate DNA
sequence (inhibition of transcription of genes mediating the
inflammatory reaction) [11, 44, 56-58]. That indicates the
crucial role of the TLR-4 receptor in regulation of response
to the increased fatty acids levels circulating in peripheral
blood in sepsis. Interaction of those fatty acids with the
TLR-4 receptor intensifies inflammatory reaction and
increases resistance to insulin and damage to tissues. That
can be prevented by using appropriate nutritional formula-
tions. Attempts at modulating the immune response to the
operative injury and infection with immunonutrition indi-
cate that in the future such treatment can be a valuable sup-
plement of the therapy using blocking of selected signal
pathways to reduce hazardous consequences of a massive
infection, including mainly the increased inflammatory
response.
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Fig. 1. The concept of lipids emulsion therapy in the context of exaggerated pro-inflammatory (SIRS) and anti-inflammatory
(CARS) response to injury and infection
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