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I Introduction 

Despite the use of Centers for Disease Control and Prevention (CDC) recommended 
practices to minimize infection risk, nosocomial sepsis and multiple organ failure 
(MOF) remain a leading cause of morbidity and mortality in critically ill patients. It 
is well documented that the use of immunosuppressant therapies dramatically 
increases this risk in patients with cancer, transplantation, and immunologic dis­
ease. Although immune monitoring has yet to be universally embraced, withdrawal 
of immunosuppressant therapies and use of immune restoration therapies is the 
standard of care when these patients develop sepsis. Critical illness stress can also 
induce a level of immunosuppression which is as life-threatening as is seen in the 
purposefully immunosuppressed patient. This chapter reviews the role of critical ill­
ness stress-induced immunosuppression in the development of nosocomial sepsis 
and MOF, and outlines clinical strategies which can be employed to maintain and 
restore immune function, and reduce morbidity and mortality in critically ill 
patients. 

I The Healthy Immune System: How We Recognize and Kill Invasive 
Microbial Pathogens 

The immune system has soluble and cellular components. If one takes soluble serum 
or plasma and exposes it to microbes there will be a certain amount of microbial 
killing, also known as serumcidal activity. This is orchestrated by endogenous anti­
microbial polypeptides, including defensins, lactoferrin, and bactericidal permeabil­
ity increasing factor (BPI). The complement system is also a major contributor to 
serumcidal activiy. In the first 12 hours of infection, circulating mannose binding 
lectin (MBL) binds to the mannose residues on the microbial surface and activates 
complement killing. After 12 hours, circulating antibodies and C-reactive protein 
(CRP) orchestrate a second wave of complement-mediated microbicidal activity. 

The cellular component of the immune response also has two waves which are 
coordinated (Figs. 1 and 2). The first phase is called the innate immune system, 
which is predominant for 24 to 72 hours. Similar to the MBL pathway, these cells 
recognize microbial pathogens by a pattern of glycoproteins on their cell surface, 
which are not seen in human or eukaryote cells. These cells include polymorphonu­
clear leukocytes (PMN), monocyte/macrophages, and macrophage/dendritic cells, 
all of which engulf and directly kill microbes through the production of oxygen rad­
icals and tumor necrosis factor (TNF) (only macrophage/dendritic cells produce 
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Fig. 1. The normal host immune response. IL: interleukin; IFN: interferon; TNF: tumor necrosis factor; NK: 
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TNF). Once the bacteria are killed, the adherent PMN undergoes deactivation and 
apoptosis (programmed cell death) in response to macrophage/dendritic cell gener­
ated TNF. However, the macrophage/dendritic cell task is only beginning. These cells 
then process the antigenic peptides of the killed microbe and present them on the 
human leukocyte antigen (HLA)-DR antigen on their cell surfaces. Circulating 
T-lymphocytes now recognize this presented antigen and initiate the adaptive 
immune response approximately 24 to 72 hours after initial invasion. According to 
the cytokine miheu at the point of recognition, the adaptive immune response can 
go in one of two directions: the so called Thl response or the Th2 response with the 
most effective host immune response being one that is well balanced between the 
two. 

The Thl response is more likely in the presence of interferon (IFN)-^ and inter­
leukin (IL)-2. During this process, the adaptive immune response is dedicated to 
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more efficient killing. In the presence of viral infection, CDS cytotoxic T cells and 
natural killer cells are recruited and activated to cell-mediated killing. In the pres­
ence of bacterial infection, macrophages call in more PMN leukocytes through 
secretion of IL-8, and also continue to efficiently kill with greater generation of TNF-
a and nitric oxide (NO)/oxygen radicals. In the presence of fungal infection, cyto­
toxic T cells, natural killer cells, PMNs, and macrophages are all called upon for 
their fungicidal mission. 

The Th2 response is more likely in the presence of IL-4, IL-6, and IL-10 and rep­
resents the predominant host response to parasitic infection. During this process, 
the Thl response is dampened and B lymphocytes are produced from plasma cells. 
When Thl and Th2 are balanced, these B cells participate in antibody production, 
which both enhances antibody-dependent, complement-mediated killing, and opso­
nizes encapsulated bacteria so they can be more efficiently phagocytosed by the 
reticuloendothelial system (macrophage/dendritic cells) in the spleen. However, 
when the Th2 response is predominant, antibodies are made but are ineffective 
because dendritic cells and macrophages cannot kill and process even antibody-
coated organisms. A balanced Thl-Th2 response is the hallmark of effective and 
healthy immune function. 

I How Can the Clinician Manipulate Immunosuppressant Therapies so 
they do not Prevent the Immune System from Recognizing and 
Killing Invasive Microbes and Cause Death from Sepsis? 

A number of immunosuppressant agents are commonly used with the purpose to 
kill or inactivate immune cells (Fig. 3). These include, among others, dexamethasone 
and other steroids, chemotherapy agents, irradiation, monoclonal and polyclonal 
antibodies, calcineurin inhibitors, and nucleoside analogs. Dexamethasone is among 
the most potent of all immunosuppressants. It is popular because it induces apopto-
sis (programmed cell death) in lymphocytes and malignant cells, rapidly reducing 
tumor size. It is also used widely for its profound anti-inflammatory and anti-TNF 
effects in the short term treatment of croup. However, although short term use is 
therapeutic, long term use promotes pseudomonas sepsis. Indeed, the experimental 
model of fatal pseudomonas pneumonia requires long term treatment with dexa­
methasone followed by pseudomonas inoculation [1]. Other steroids, including 
prednisone, methylprednisone, and hydrocortisone, do not share this degree of 
immunosuppressive effect [2, 3]. Chemotherapy is generally directed to killing of 
rapidly dividing cells, and since immune cells are rapidly dividing, they are inadver­
tently killed. Chemotherapy for leukemias directly targets killing of either lympho­
cytes for lymphocytic leukemia, or PMN cells for acute myelogenous leukemia. 
These agents induce life-threatening neutropenia. Irradiation is commonly used to 
kill tumors and is also the mainstay for ablation of recipient bone marrow prior to 
bone marrow transplantation. Irradiation induces lymphocyte apoptosis. When resi­
dent macrophages/dendritic cells ingest these apoptotic lymphocytes they are deac­
tivated and no longer able to recognize, phagocytose, or kill microbial invaders [4]. 
They are also unable to present antigenic peptides on HLA-DR molecules resulting 
in incapacitation of both the innate and adaptive immune systems. Monoclonal anti­
bodies to lymphocytes are commonly used in solid organ transplant patients. T-cell 
antibodies, such as OK T3 or ATGAM, result in T cell lysis and depletion. However, 
unlike radiation or dexamethasone which cause death by apotosis, the mode of 
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Table 1. Rational immune phenotype-directed therapeutic strategies In patients with critical illness stress-
induced immunosuppression 
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death caused by these lytic therapies includes complement mediated necrosis. When 
macrophages/dendritic cells ingest these necrotic lymphocytes they remain active. 
Although the adaptive immune system is impaired, the innate immune system 
remains intact. B-cell antibodies are used to kill B-cell tumors caused by post-trans­
plant lymphoproliferative disease or lymphoma. Anti-nucleoside analogs, by substi­
tuting for functional nucleoside building blocks, prevent DNA synthesis and lym­
phocyte proliferation in cancer and solid organ transplantation. The calcineurin 
inhibitors are mainstay immunosupressants in solid organ and bone marrov^ trans­
plant patients. These agents mediate their effects by inducing a predominant Th2 
state which inadvertently prevents Thl-mediated microbial phagocytosis, killing, 
processing, and presentation to the adaptive immune system. 
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Immune phenotyping, although incompletely applied, has identified threshold val­
ues below which these immunosuppressants lead to life-threatening immunosup-
pression-induced nosocomial infection and sepsis (Table 1). An absolute neutrophil 
count less than 500 cells/mm^ is associated with the development of sepsis. An abso­
lute lymphocyte count < 1,000 cells/mm^ for more than three days is associated with 
a five-fold increased adjusted odds ratio for developing nosocomial sepsis [5]. If pre­
sent more than seven days, there is a six-fold increased adjusted odds ratio for 
development of MOF and death. Immunoglobulin G levels < 500 mg/dl are also asso­
ciated with secondary infection and sepsis. Prolonged monocyte deactivation for 
more than five days, also known as immunoparalysis, is associated with a six-fold 
increased adjusted odds ratio for nosocomial sepsis, MOF, and death [6]. The 
threshold for monocyte deactivation is defined by several functional tests including 
an HLA-DR expression <30% of normal, or < 8,000-12,000 molecules per mono­
cyte cell, or a whole blood TNF-a response of <200 pg/ml to lipopolysaccharide 
(LPS) stimulation. Specific therapeutic strategies utilized to prevent and treat noso­
comial sepsis in special immunosuppressed patient populations are directed to res­
toration of immune function above these critical thresholds (Figs 4 and 5). 

The most common critical threshold crossed in cancer patients is severe neutro­
penia. The American College of Oncology recommends the prophylactic use of 
growth factors including granulocyte colony-stimulating factor (G-CSF) or granulo­
cyte/macrophage colony-stimulating factor (GM-CSF) to prevent neutropenia in 
patients who have previously had a 40 % incidence of neutropenic fever after chemo­
therapy [7]. They also consider the use of G-CSF or GM-CSF reasonable therapy in 
patients with neutropenic sepsis. White blood cell transfusions are reserved for 
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patients with sepsis who are unresponsive to growth factors. Other standard care in 
patients with neutropenic fever/sepsis includes withdrawal of chemotherapy and 
empiric antibitotic treatment for neutropenic fever. Antifungals are added if fever 
persists for five days. Cancer patients treated with prolonged courses of dexametha-
sone have a very high incidence of sepsis and sepsis-related death. Transition to a 
steroid regimen which uses prednisone, methylprednisone, or hydrocortisone 
completely reduces this risk likely by preventing lymphocyte apoptosis-related 
monocyte deactivation and immune paralysis. Bone marrow transplant patients suf­
fer from pancytopenia. Because prolonged lymphopenia is the rule, anti-viral, anti­
protozoal, and anti-fungal prophylaxis is administered daily. For patients with hypo­
gammaglobulinemia, intravenous immunoglobulin (IVIG) is also administered on a 
tri-weekly basis. Bone marrow transplant patients with acute respiratory distress 
syndrome (ARDS) have a complete absence of Thl activity in their lungs at autopsy 
[8], This state of immune paralysis leads to an inability to kill viral, bacterial, and 
fungal pathogens. Immune function can be restored in part in these patients by 
stopping dexamethasone (switching to another steroid for graft versus host disease 
[GVHD] prophylaxis) and by titrating calcineurin inhibitor therapy such that mono­
cyte function is above the critical threshold. 

The field of solid organ transplantation has drastically changed its immunosup­
pressant regimens since its earliest days. Initially plagued by rejection when steroids 
and azathioprine were the therapy of choice, the field was boosted by the arrival of 
calcineurin inhibitors. Grafts no longer suffered acute rejection with implementation 
of steroid/calcineurin regimens, but patients commonly died from nosocomial sep­
sis and MOR Volk and colleagues demonstrated that withholding steroids and calci­
neurin inhibitors from solid organ transplant patients with HLA-DR expression 
<30% and sepsis resulted in near 100% survival without organ rejection, compared 
to 20% survival if immunosuppression was not withheld [9]. There are now over 300 
publications on immunosuppression withdrawal from patients with solid organ 
transplantation as a strategy to induce immune tolerance. A popular regimen of 
immunosuppression today uses lytic therapies, such as OK T3 or ATGAM, which 
deplete lymphocytes through necrosis, not apoptosis, sparing steroid use and main­
taining monocyte function above the critical threshold of immune paralysis. 

Immunosuppressive/anti-proliferative regimens are also used in patients to 
shrink hemangiomas. Dexamethasone should not be used long term because of the 
risk of fatal pseudomonas infection. IFNa has been reported to be effective in this 
disease. Lymphomas caused by Epstein-Barr virus-mediated transformation with or 
without transplantation are treated with B cell monoclonal antibodies; however, 
IVIG must be administered for ensuant hypogammaglobuHnemia. 

The need for hypogammaglobulinemia treatment is also present in patients 
with systemic lupus erythematosis treated with B-cell lytic therapies. Macrophage 
activation syndrome in patients with rheumatologic disease is treated with apo-
ptotic agents, such as dexamethasone, as well as with calcineurin inhibitors. The 
same principles as above should be applied to these patients. Dexamethasone 
should be reserved for short term use only and calcineurin inhibitors should be 
titrated to maintain monocyte/macrophage function above its critical functional 
threshold. 
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I Critical Illness Stress-induced Immunosuppression 

Critical illness stress can induce prolonged lymphopenia and monocyte deactivation 
even when purposeful use of immunosuppressant therapies is absent. When stress 
induced immunosuppression is too great for too long the patient develops nosoco­
mial sepsis, MOF, and death. The remainder of this chapter discusses clinical strate­
gies which can be used to prevent and reverse critical illness stress-induced immu­
nosuppression (Fig. 6). 

A healthy patient subjected to surgical stress during a dental procedure or 
uncomplicated surgery will mount a hypothalamic/pituitary gland-mediated stress 
response with increased corticotropin releasing hormone/adrenocorticotropic hor­
mone (CRH/ACTH) secretion and then adrenal gland Cortisol production. This is 
matched by the increased production of the counter-regulatory hormone, prolactin, 
from the pituitary gland. The CRH/ACTH and Cortisol hormones maintain cardio­
vascular homeostasis and dampen inflammation. However, if left unopposed, ACTH/ 
CRH/cortisol also induce apoptosis of lymphocytes. Prolactin, through stimulation 
of Bcl2, inhibits this lymphocyte apoptotic effect of ACTH and Cortisol. Nutrition is 
also important. Zinc, selenium, and glutamine are all necessary for control of lym­
phocyte apoptosis. 

Critically ill neonates, children, and adults who die from nosocomial sepsis and 
MOF do so with prolonged lymphopenia (absolute lymphocyte count < 1,000 > 7 
days) and lymphoid organ depletion. At autopsy these patients have apoptosis-medi-
ated depletion of B-cells from lymph nodes and spleen, T cells from thymus, and 
dendritic cells from spleen [5]. Clinical factors associated with lymphoid depletion 
in these patients include use of synthetic steroids such as dexamethasone; zinc, glu­
tamine, and/or selenium deficiency; and hypoprolactinemia. Zinc, glutamine, and 
selenium deficiency commonly occur in critical illness because these nutrients are 
consumed at higher rates during stress and commonly under dosed during paren­
teral and enteral nutritional support. Hypoprolactinemia can occur as part of the 
pituitary dysfunction syndrome of critical illness but can also be induced iatrogeni-
cally. Dopamine infusion stimulates the DA2 receptor, which prevents prolactin 
secretion by the pituitary gland, and cyclosporine A is a prolactin receptor antago­
nist. Hotchkiss and Nicholson have shown that caspase inhibitors prevent lympho­
penia, reduce bacterial counts, and improve survival in the cecal Ugation and punc­
ture (CLP) model of experimental sepsis [10]. Chaudry and colleagues expanded 
upon this observation showing that treatment with prolactin or metoclopramide (a 
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DA2 antagonist which increases prolactin levels) reverses hemorrhagic shock 
induced lymphocyte apoptosis and susceptibility to CLP sepsis-induced mortality 
[11]. Clinical therapies which can be used to reverse or prevent lymphopenia and 
lymphoid depletion in critically ill humans include provision of adequate zinc, gluta-
mine, and selenium; withdrawal of dexamethasone, dopamine, and cyclosporine A; 
and use of DA2 antagonists, such as metoclopramide or haloperidol. In this regard, 
several trials have shown reductions in nosocomial infection in critically ill patients 
with the addition of zinc, glutamine, or selenium supplements. Norepinephrine has 
been shown to improve outcomes compared to dopamine [12], and a before and 
after study showed reduced nosocomial sepsis mortality when dexamethasone was 
substituted by prednisone or methylprednisone [2]. A single center study demon­
strated an associated reduction in mortality in critically ill mechanically ventilated 
patients treated with haloperidol [13]. Two randomized controlled trials are under­
way: a single center study of haloperidol in mechanically ventilated adult patients, 
and a multiple center study of zinc [14], glutamine, selenium [15], and metoclopra­
mide in critically ill pediatric patients. 

Critical illness-induced lymphocyte apoptosis does not only result in lymphoid 
depletion, it also causes monocyte deactivation and immune paralysis. When mac­
rophages are fed lymphocytes killed by irradiation (apoptotic lymphocytes) in vitro 
they become deactivated and have a diminished capacity to produce a TNF-a 
response to LPS. When macrophages are fed lymphocytes killed by freeze thaw 
(necrotic lymphocytes) they become activated and are able to produce TNF-a in 
response to LPS. Hotchkiss and colleagues have shown that adoptive transfer of 
apoptotic (irradiated) splenocytes sensitizes rats to CLP sepsis-induced mortality, 
while adoptive transfer of necrotic (freeze thaw) splenocytes protects rats to CLP 
sepsis induced mortality [16]. The effect is mediated through an IFNy-Thl mecha­
nism. IFNy is decreased in apoptotic splenocytes and increased in necrotic spleno-
cyte-treated subjects, and treatment with IFNy inhibition ablates the protective 
effect. 

Prolonged monocyte deactivation and immune paralysis induced by lymphocyte 
apoptosis can also contribute to the development of ARDS. Although TNF-a does 
not induce apoptosis in circulating or non-adherent PMN leukocytes, it is needed 
for apoptosis of adherent PMN leukocytes [17]. When monocyte deactivation results 
after phagocytosis of apoptotic lymphocytes, its production of TNF-a is dramati­
cally reduced. When the Thl mediated TNF-a response is absent, adherent PMN 
leukocytes will not apoptose. The hallmark of ARDS is lack of apoptosis of adherent 
lung PMN leukocytes. To test this possibility, Presneill and colleagues randomized 
patients with ARDS to GM-CSF therapy. GM-CSF effectively increases the TNF-a 
Thl response in deactivated macrophages in the absence of apoptotic lymphocytes, 
dexamethasone, and calcineurin inhibitors. In this study, no information was given 
on the presence or absence of these factors. Nevertheless, GM-CSF reduced lung 
PMN cells, supporting a role for TNF-a in facilitating adherent PMN leukocytes dur­
ing ARDS [18]. 

Mechanical stress caused by volutrauma from overzealous mechanical ventilation 
also leads to a predominant Th2 state with prolonged monocyte deactivation, 
immunoparalysis, and continued ARDS. Healthy children subjected to large tidal 
volumes of 12 ml/kg during elective surgery have been documented to have 
increased circulating levels of IL-6 and IL-10 with reduced monocyte production of 
TNF-a. Healthy children subjected to physiologic tidal volumes of 6-8 ml/kg have 
no increase in IL-6 or IL-10 levels and maintain normal monocyte TNF-a produc-
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tion [19]. Adults with ARDS receiving larger tidal volumes show similar relation­
ships with increased systemic IL-6 and IL-10, reduced monocyte TNF-a production, 
and immune paralysis [20]. In this regard, mechanical ventilation with effective tidal 
volumes of 6-8 ml/kg reduces mortality from ARDS [21]. 

Endotoxemia and sepsis also lead to prolonged monocyte deactivation and 
immunoparalysis in critically ill patients. Experimental animals and humans sub­
jected to endotoxin or sepsis challenge, develop a reduced or down regulated mono­
cyte/macrophage derived TNF-a response to LPS. The mechanism of this 'endotoxin 
tolerance' appears to be driven in part by an IL-lO/IL-6 - Th2 milieu which subse­
quently inhibits the Thl response. This state of *endotoxin tolerance', initially 
thought to be protective, is now known to harmfully increase susceptibility to sep­
sis-induced death. Experiments show that Thl dominant mice are more resistant to 
sepsis than Th2 dominant mice [22]. Treatment with flt-3 ligand, the dendritic cell 
growth factor, reverses endotoxin tolerance, restores the TNF-a response to LPS, 
and reduces susceptibility to sepsis mortality [23]; so too does treatment with GM-
CSF and IFNy [24, 25]. 

The term 'endotoxin tolerance' is not used in humans. Instead patients with sep­
sis or endotoxemia who develop a TNF-a response to LPS of < 200 pg/ml and/or 
decreased monocyte HLA-DR expression <30% or 8,000-12,000 molecules per cell 
are said to have monocyte deactivation and immunoparalysis. General surgery 
patients with immunoparalysis have an 80 % mortality with sepsis, compared to only 
12% mortality in those who have monocyte function above this threshold [9]. In 
vitro studies show that two drugs, GM-CSF and IFNy, can reverse endotoxin- or sep­
sis-induced monocyte deactivation in humans [24], One case series has demon­
strated reversal of immunoparalysis with IFN therapy [26]; however, IFN therapy 
has greater toxicity than GM-CSF therapy. A randomized controlled trial using a three 
day course of low-dose GM-CSF demonstrated improved monocyte HLA-DR expres­
sion with improved cure rates and resolution of sepsis [27]. Studies designed to evalu­
ate the effectiveness of GM-CSF in patients with sepsis, ARDS, or MOF can provide 
confusing results if not done with immune phenotyping as well as proper source con­
trol. GM-CSF is not effective in reversing immune paralysis if monocytes/macro­
phages continue to phagocytose apoptotic lymphocytes, or to be immunosuppressed 
by exogenous immunosuppressant therapy. Hence immunosuppressants, dexametha-
sone, and dopamine should all be withheld during GM-CSF therapy. GM-CSF will also 
not be helpful in a patient with sepsis who does not have immune paralysis but 
instead suffers from failure to remove the nidus of infection due to lack of appropriate 
antibiotic therapy or surgical drainage. For example, in the activated protein C trial 
there was no benefit observed in surgical sepsis; however, the mortality rates in those 
with proper nidus removal and source control was 1% compared to 92% without 
proper source control [28], Patients can have monocyte function above critical thresh­
old levels and still die due to lack of removal of the source of sepsis. 

Trauma patients also develop stress induced immunosuppression. Lymphopenia 
is a marker of severity of illness and mortality in trauma and should be addressed 
with nutritional attention to zinc, selenium, and glutamine status as well as avoid­
ance of dopamine. In patients with severe head injury, the use of pentobarbital, 
hypothermia, and hypertonic saline all reduce PMN leukocyte function. These ther­
apies should be limited, particularly in patients who develop nosocomial sepsis. Sur­
gical intervention for refractory intracranial hypertension can be preferred to this 
immunosuppressive regimen in selected patients. Prolonged narcotic use can also 
decrease PMN leukocyte function and induce monocyte deactivation [29]. Use of 
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low dose naloxone can be effective in reducing opioid tolerance and potentially 
reduces these immunosuppressant effects. Hyperglycemia can also impair innate 
and adaptive immune function. A randomized controlled trial showed that when 
daily glucose requirements were met (DIO infusion at maintenance fluid dosage) and 
hyperglycemia was controlled with insulin, surgical patients experienced less noso­
comial sepsis, MOF, and mortality [30]. 

I Conclusion 

Despite implementation of CDC recommendations for prevention of infection, noso­
comial sepsis and MOF remain the most common acquired causes of death and 
morbidity in critically ill patients. The role of immune dysfunction in this process is 
evidenced by an increased risk of nosocomial sepsis in patients hospitalized with 
immune deficiency and/or receiving immunosuppressant therapies [31]. Four iatro­
genic immune deficiency thresholds appear important in predicting and reversing 
risk of nosocomial sepsis: 1) neutropenia, defined as an absolute neutrophil count 
< 500 cells/mm^; 2) monocyte deactivation or immune paralysis defined by mono­
cyte HLA DR expression <30% or < 8000-12000 molecules per cell or whole blood 
TNF-a response to LPS of < 200 pg/ml; 3) lymphopenia, defined as an absolute lym­
phocyte count < 1,000 cells/mm^; and 4) hypogammaglobulinemia, defined as an 
IgG level <500 mg/dl. Therapeutic strategies in these populations include: a) 
empiric and prophylactic use of antibiotics, anti-virals, anti-protozoals, and anti­
fungals; b) withdrawal of immunosuppressant therapy; c) administration of G-CSF, 
GM-CSF, and IVIG; and d) use of lympholytic rather than lymphocyte apoptotic 
agents to induce immune tolerance. 

Critical illness stress-induced immunosuppression similarly causes patients to 
reach critical threshold levels of lymphopenia, monocyte deactivation, and immune 
paralysis and to develop nosocomial sepsis and MOF. Lymphocyte apoptosis and 
lymphoid depletion occur when the CRH/ACTH/cortisol axis induces programmed 
cell death in the presence of zinc, selenium, and glut amine deficiency, and/or hypo-
prolactinemia caused by pituitary dysfunction or dopamine infusion. Immunopara-
lysis can be caused by macrophage ingestion of apoptotic lymphocytes, or by 
mechanical ventilation-related volutrauma or endotoxin/sepsis induced Th2-medi­
ated inhibition of macrophage TNF-a production. Surgical and traumatic stress sim­
ilarly induce lymphopenia and Th2 mediated immunoparalysis. Randomized con­
trolled trials, and before and after studies suggest that nosocomial sepsis can be 
reduced and survival outcome improved with zinc, selenium, and glutamine supple­
mentation, dexamethasone and dopamine withdrawal, limitation of mechanical ven­
tilator delivered tidal volumes to 6-8 m/kg, effective source control with appropri­
ate antibiotics and nidus removal, and appropriate glucose delivery with insulin 
therapy directed to glycemic control. Once these tasks have been accomplished, GM-
CSF can permit further restoration of the Thl response, reversing residual immune 
paralysis, and preventing/resolving nosocomial sepsis. 
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