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Infection is a major cause of morbidity and mortality 
in intensive care unit (ICU) patients. The combination 
of illness and iatrogenic factors renders them more 
susceptible to severe infections. In addition to 
problems of contamination due to traumatically or 
iatrogenically compromised barriers, certain ICU pa- 
tients have acquired immunologic deficiencies. Host 
defence mechanisms are known to be compromised 
after thermal injury, surgical procedures, trauma, as 
well as in patients with diabetes mellitus, alcoholism, 
cirrhosis, and negative nitrogen balance [1, 3 - 5, 7, 8, 
10-13]. Furthermore, a whole series of procedures, 
which are routinely performed in the management of 
ICU patients, compromise host defence mechanisms 
either locally as in the case of patients with prosthetic 
devices [15], or systemically with cytostatic, immuno- 
suppressive or antimicrobial agents [6]. 

In this paper we review three major systems of 
host defence, namely humoral immunity, polymor- 
phonuclear leukocyte (PMN) defence, and cell-medi- 
ated immunity [9]. Furthermore we focus on the 
adverse effect of trauma, certain systemic diseases 
and therapeutic measures on host defence. 

Normal host defence mechanisms 

Humoral immunity 

Certain proteins play an important role in host 
defence. These proteins which provide humoral im- 
munity are important in the defence against pyogenic 
microorganisms. Humoral immunity is maintained by 
non-specific factors such as complement, fibronectin, 
and by specific antibodies [9]. 

Complement. Complement is a system of about 20 
proteins which constitute 5 - 10% of plasma protein. 
Complement activation leads to proteolytic fragments 

involved in opsonization, chemotaxis, anaphylaxis, 
leucoaggregation and microbial lysis. The main com- 
plement component is C3 which is activated by the 
non-specific alternative or the classical pathway in co- 
operation with specific immunoglobulins. The alter- 
native pathway is important in the non-immune host, 
as it is activated directly by bacterial cell wall con- 
stituents in the absence of specific immunoglobulins. 
In contrast, the classical complement pathway is 
usually activated by antigen-antibody complexes. 

Fibronectin. A further non-specific factor with anti- 
bacterial properties is fibronectin, a glycoprotein, 
which stimulates the clearance of particles by the reti- 
culoendothelial system. Its role in phagocytosis by cir- 
culating cells is less clear, as it promotes adherence of 
S. aureus to human PMN, but does not promote in- 
gestion. 

Immunoglobulins. Immunoglobulins are proteins 
which bind specifically to antigens and are therefore 
called antibodies [9]. The different classes of anti- 
bodies, namely IgG, IgM, IgA, IgD and IgE have dif- 
ferent physico-chemical properties and functions. The 
primary immune response is induced when a non-im- 
mune host is challenged by an antigen. B-cell differ- 
entiation and proliferation of antibody-synthesizing 
plasma and memory cells are the initial events. Specif- 
ic IgM appears first in the bloodstream followed by 
IgG. The most important properties of IgG and IgM 
are the ability to activate complement, bind specifical- 
ly to microorganisms, and bind to the specific sur- 
face receptors of phagocytes. Through this process 
(opsonization) they promote phagocytosis. Other 
functions of immunoglobulins are cell lysis, agglu- 
tination of microorganisms and toxin neutralization. 
Neutralization of bacterial exo- and endotoxins may 
be an important defence mechanism in gram-negative 
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septicemia. IgA, also called secretory immunoglobu- 
lins, are involved in the local defence by inhibiting 
microbial adherence to mucosal surfaces. IgD and 
IgE play a minor role in antimicrobial host defence. 

Phagocytes 

The term phagocyte is used for monocytes, macro- 
phages, eosinophils and PMN. PMN are the most im- 
portant phagocytic cells against acute bacterial infec- 
tions [9]. They are produced in the bone marrow and 
enter the bloodstream after maturation, where they 
circulate only for several hours. Upon a signal from 
infected or traumatized tissue, PMN adhere to the 
capillary endothelial wall and subsequently migrate 
toward the stimulus. This event is called chemotaxis. 
Phagocytosis starts with recognition of foreign parti- 
cles facilitated by their opsonization. Opsonins form 
a bridge between PMN and the microorganism 
through a process called adherence which induces in- 
gestion. As ingestion proceeds, specific and primary 
granules begin to fuse with the developing phago- 
some. Enzymes of both types of granules act as oxy- 
gen-independent microbicidal mechanisms. Further- 
more phagocytic membrane perturbation and inges- 
tion initiate the respiratory burst during which bac- 
tericidal oxygen metabolites, such as superoxide, 
hydrogen peroxide and hydroxyl radicals are formed. 

Each of these partial functions of PMN may be 
compromised by diseases or drugs (see below). 

Cell-mediated immunity (T-cells) 

Cell-mediated immunity is provided by thymus-de- 
rived T-lymphocytes, which are classified in two sub- 
sets: (a) helper or inducer cells, and (b) suppressor, 
killer or cytolytic cells [9]. Delayed type hypersensitiv- 
ity is the traditional form of a cell-mediated response 
and is best exemplified by the tuberculin test. 
Whereas the integrity of humoral immunity is im- 
portant against pyogenic microorganisms, cell-medi- 
ated immunity wards off so called intracellular micro- 
organisms, i.e. viruses, salmonella, mycobacteria, 
listeria etc. Anergy to delayed hypersensitivity skin 
test is usually caused by imbalance of helper and sup- 
pressor cells. Impaired T-cell function compromises 
host defence not only against intracellular, but 
probably also against pyogenic microorganisms, 
because T-helper cells induce B-cell proliferation and 
differentiation into antibody-synthesizing plasma 
cells [9]. 

Inf luence of  underlying disease and iatrogenic proce-  
dures on host  defence  mechan i sms  in I C U  patients 

Knowledge about abnormalities in host defence may 
be important for decisions relating to antibiotic treat- 

ment. Defects in each of the three groups of defence 
mechanisms increase the risk for infection with specif- 
ic groups of microorganisms. Patients with defects of 
humoral immunity tend to acquire infections with 
highly encapsulated bacteria such as pneumococci, 
Hemophilus influenzae and staphylococci. PMN 
disorders increase the risk especially of infections with 
staphylococci, aerobic gram-negative bacilli and fungi 
such as candida and aspergillus. Patients with cell- 
mediated immune disorders are prone to infections 
with so-called intracellular bacteria (mycobacteria, 
nocardia, listeria, legionella), protoza (pneumocystis 
carinii, toxoplasmosis), herpes viruses and fungi [9]. 
Various diseases and iatrogenic procedures are known 
to influence host defence. Thermal injury as a well 
studied paradigm will be presented in more detail. 

Thermal injury 

Major burns have a high mortality not only in the 
early but also in the later period. The destruction of 
the natural barrier allows the loss of serum and cellu- 
lar components and is a portal of entry for microor- 
ganisms. Data regarding alteration in immunoglobu- 
lin concentration following burn injury are contro- 
versial [5]. The careful study by Alexander et al. 
shows a posttraumatic decrease of serum IgG, C3 and 
other proteins involved in the complement cascade 
[1]. The functional significance of the decreased 
humoral factors is not clear. Indeed it correlates with 
a decreased opsonic index, but correlation with sub- 
sequent bacteremia is only weak [1]. 

Abnormal chemotaxis is a consistent finding after 
thermal injury. Davis et al. recently offered a con- 
vincing explanation for the chemotactic defect [3]. 
They showed a selective secretion of specific granules 
of PMN in burned patients. Vigorous degranulation 
- known to inhibit chemotactic responsiveness of 
PMN - may therefore be the mechanism leading to 
defective chemotaxis [3]. 

Suppression of cell-mediated immunity is another 
defect in burned patients [1, 5, 8]. Early reports in- 
dicate an increased survival of xenografts due to cu- 
taneous anergy [5]. In later studies the determination 
of delayed hypersensitivity was further tested by in 
vitro blast transformation of peripheral lymphocytes. 
The responsiveness to physiological stimuli such as 
streptokinase, purified protein derivative of mycobac- 
teria and mumps antigen decreases in non-surviving 
and is stable or increases in surviving burned patients. 
This immunosuppression is not only mediated by 
non-specific suppressor T-cells, but also by immuno- 
suppressive substances in the serum, which usually 
appear within 24 h and may persist for weeks [8]. 
Ninnemann et al. suggest that immunosuppression 
may be mediated by endotoxin and prostaglandin E 
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[8]. Munster proposed that the suppressor system is 
activated after any type of severe injury releasing cell- 
wall and intracellular components into the circulation 
and tissue [7]. This suppression may be essential for 
the organism in order to prevent autoimmune damage 
of healthy tissue [7]. The bad prognosis of patients 
with impaired cellular immunity may therefore simply 
refect severity of trauma and burn. 

Blunt trauma and surgical procedures 

Patients who survive severe trauma often develop life 
threatening infections during their hospitalization in 
the ICU. Most of these infections may be patho- 
genetically explained by compromised barriers. The 
skin, which is one of the most important barriers, 
mechanically inhibiting invasion of microorganisms, 
may be destroyed by trauma, surgery or catheters. 
Other barriers are bypassed by tracheal tube and 
urinary catheter. The susceptibility to infection could 
also be due to defective immune function. A decrease 
in humoral factors has repeatedly been reported in 
critically ill patients after trauma and surgery [5, 11, 
12]. The decrease of immunoglobulins, complement 
factors, fibronectin, prealbumin and antithrombin re- 
flectes negative nitrogen balance, capillary leak syn- 
drome, or - especially for complement and coagula- 
tion factors - intravascular consumption. The signif- 
icance of depletion of humoral factors is difficult to 
evaluate since they depend on the integrity of phago- 
cytic cells. The fact that marked depletion of fibro- 
nectin is a strong prognostic factor in relation to sub- 
sequent sepsis may indicate a causal connection [11]. 
However, the same prognostic value is true for anti- 
thrombin III which is not involved in antimicrobial 
defence but is a sensitive marker of intravascular 
coagulation [11]. 

The effect of blunt trauma and surgery on PMN 
function is controversial, probably due to methodo- 
logical reasons. Van Dijk et al. [121 found no influ- 
ence of major surgery on phagocytic capacity, chemi- 
luminescence and chemotaxis; in contrast, Christou et 
al. [2] reported an extremely rapid and impressive 
decrease in PMN chemotaxis and an inverse increase 
in adherence. The decrease of ehemotaxis seems to be 
due to a circulating blood facror. Cell-mediated im- 
munity is probably the best studied defence mecha- 
nism in ICU patients. Most authors describe a corre- 
lation between cutaneous anergy, low lymphocyte 
blast transformation in response to natural antigens 
and high incidence of septic complications [2, 5, 12], 
The significance of this anergy is not clear. Infections 
due to microorganism normally associated with com- 
promised cell-mediated immunity are not usually the 
main problem in ICU patients. 
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Diabetes mellitus 

Diabetes mellitus modifies several host defence mech- 
anisms [10]. In the absence of malnutrition, humoral 
immunity (immunoglobulins, complement) is intact. 
Patients with poorly controlled diabetes were shown 
to have complex PMN defects, such as impaired 
adherence, chemotaxis, ingestion and bactericidal 
activity. Some authors also report a defect in cell- 
mediated immunity [10]. 

Alcoholism, cirrhosis 

Alcoholism is a common problem in ICU patients. 
Immunoglobulin levels are normal or increased in pa- 
tients with cirrhosis. Complement levels may be de- 
creased, but only in alcoholics with malnutrition. 
PMN production is impaired in alcoholics by the 
direct myelosuppressive effect of ethanol. Chemo- 
taxis which is defective only in alcoholics with cir- 
rhosis was shown to be serum mediated and not on a 
cellular level [13]. Van Epps et al. detected a chemo- 
taxis inhibitor which is IgA associated [13]. Other 
PMN functions such as ingestion and bactericidal 
activity are normal. Cell-mediated immunity is also 
impaired in alcoholic patients. Cutaneous anergy, 
decreased number of T-lymphocytes and impaired 
lymphocyte transformation are described. The last 
mentioned defect may be of clinical importance, since 
alcoholic patients are especially prone to tuberculosis 
and legionella, infections which are controlled by cell- 
mediated immunity. 

Malnutrition 

The relation of diet and host resistance is well recog- 
nized on the basis of clinical observations and epide- 
miologic data. Extrapolation of such general observa- 
tions to the ICU is inappropriate because most studies 
were done in children with Kwashiorkor a situation 
very different from that of the short malnutrition 
period of ICU patients. The reports about effects of 
posttraumatic nutritional status on immunocompe- 
tence are controversial, probably due to the fact that 
this factor can not be studied in an independent 
fashion. Christou et al. [2] reported impaired chemo- 
taxis and cutaneous anergy independent of nutritional 
status but dependent on the stage of trauma. In con- 
trast, Dionigi et al. [4] showed in a dog model with 
subacute malnutrition a decrease in IgG, IgM and C3 
serum levels and an impaired chemotactic index. 
These factors could be corrected during subsequent 
total parenteral nutrition [4]. 
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Implanted prosthetic devices 

Implanted foreign bodies are highly susceptible to 
pyogenic infections. We recently showed evidence for 
a local PMN defect [15]. PMN which accumulate in 
the vicinity of subcutaneously implanted Teflon 
devices have a complex defect with poor bactericidal 
activity, low superoxide generation, partial degranu- 
lation and decreased ability to further degranulate 
[15]. 

Drugs 

Several types of drugs influence host defence mecha- 
nisms [6]. Different antibiotics have adverse effects 
on different types of immune response, namely anti- 
body production (chloramphenicol and other protein 
synthesis inhibitors), PMN function (aminoglyco- 
sides, tetracyclines, amphotericin B etc.), and cell- 
mediated immunity (rifampin, amphotericin B, cotri- 
moxazole, tetracyclines etc.). The clinical significance 
of antibiotic interference with immune defence is not 
established yet. The consequences of the treatment 
with immunosuppressive drugs (steroids, azathioprin, 
cyclosporin) are more clear. Depression of cellular im- 
munity prolongs survival of xenografts, but increases 
simultaneously the susceptibility to intracellular 
microorganisms. Antineoplastic drugs acting on 
nucleotide synthesis lead to a dose related decrease of 
PMN, which results in an increased susceptibility to 
pyogenic infections. Steroids influence host defence 
at several levels. In addition to the well known sup- 
pression of cell-mediated immunity, they act on 
adherence, phagocytic and bactericidal function of 
PMN [6]. Data are somewhat conflicting probably 
due to the different types of steroids and test systems 
applied. 

The choice of drugs in sedation of ICU patients 
may be critical. Whereas etomidate increases mortali- 
ty by suppression of adrenocortical function, mor- 
phine acts directly on host defence mechanisms reduc- 
ing the activity of the reticuloendothelial system, and 
compromising ingestion, killing and superoxide pro- 
duction in PMN and macrophages. 

Should host defence mechanisms be tested in ICU 
patients? 

The question whether immunological tests should be 
done in ICU patients depends on the aim of such 
studies. As already mentioned knowledge about a 
particular defect should allow us to predict certain 
types of infections, enabling more rapid and adequate 
treatment [9]. This prediction, however, can not be 
made in ICU patients. The interpretation of skin tests 

- a popular measure of cell-mediated immunity - is 
difficult. First, cutaneous reactivity is dependent on 
factors which are not directly related to cell-mediated 
immunity such as ehemotaxis of macrophages and in- 
flammatory response; second, repetitive testing may 
result in increased reactions which cannot be inter- 
preted as improved cell-mediated immunity. 

Impaired chemotaxis [3], decreasing lymphocyte 
responsiveness, and cutaneous anergy [2] are highly 
predictive of sepsis and death in patients with thermal 
injury and trauma. There is evidence that these im- 
paired host defence mechanisms are not the cause of 
the high death rate but rather a reflection of the 
severity of the underlying disease. This statement is 
supported by the results of Davis et al. which show an 
excellent inverse correlation between percent body 
burn and PMN chemotaxis [3]. Since the compro- 
mised barrier in itself increases the susceptibility to 
septic events, the significance of cutaneous anergy or 
impaired chemotaxis is difficult to evaluate in clinical 
studies. 

For the time being the evaluation of immunologi- 
cal parameters of ICU patients is mostly of scientific 
interest, because their prognostic value can also been 
assessed by clinical means. 

Immunotherapy 

Mortality due to septic complications is still high, 
despite treatment with potent antibiotics and optimal 
supportive care. Since ICU patients have several 
defects in host defence, immunotherapy could be of 
advantage. Substitution of opsonic factors (com- 
plement, fibronectin, antibody) is already being done 
by the transfusion of fresh blood, plasma or immuno- 
globulins although the efficacy of such a treatment is 
not yet established. Passive immunization with 
hyperimmune serum or immunoglobulin against 
lipopolysaccharides of gram-negative bacteria (so 
called J5 serum/immunoglobulin) is promising but 
still experimental [14]. The rationale of such an im- 
munization is the prevention of detrimental effects 
of endotoxin (see below). Transfusion of PMN is 
laborious and has a proved efficacy only in granulo- 
cytopenic patients with septicemia. Immunostimula- 
tion with levamisole, an agent which restores skin 
sensitivities and enhances in vitro chemotaxis, showed 
contradictory results depending the type of patients it 
was tested on. Stimulation of cell-mediated immunity 
may even be dangerous, anergy being a protective 
posttraumatie mechanism which prevents autoim- 
mune damage of healthy tissue [7]. Reversion or 
prevention of endotoxin-induced uncontrolled activa- 
tion of complement and coagulation pathway has 
been tried with steroids without convincing effect. 
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Conclusion 

ICU patients have defects in various host defence 
mechanisms. The significance of these defects re- 
mains unclear, as conflicting results are reported in 
the literature. The good correlation between impaired 
cellular-immunity or chemotaxis and septic complica- 
tions is not necessarily a causal one, but rather an epi- 
phenomenon. Determination of host defence mechan- 
isms in ICU patients is therefore mainly of scientific 
value, since patients' management is rarely influenced 
by the result of such tests. With new and more effi- 
cient therapeutic techniques, such as substitution of 
decreased host defence factors of immune stimula- 
tion, assessment of host defence mechanisms may 
gain increased clinical relevance. 
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