Are There Useful New Markers of Sepsis?
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Severe infections and sepsis are common causes of morbidity and mortality in
intensive care units. Clinical and laboratory signs of systemic inflammation
such as changes in body temperature, leukocytosis, and tachycardia are fre-
quently used for the diagnosis of infection or sepsis [1]. However, these signs
and symptoms are neither specific nor sensitive for infection or sepsis. Various
other and non-microbial infection related aetiologies of systemic inflammation
may induce these symptoms. For example, patients suffering from pancreatitis,
major trauma or burns present with a similar inflammatory response even in the
absence of infectious complications. On the other hand, bacteriological evidence
of infection, though definitive and specific, may not develop concurrently with
clinical signs of sepsis.

Early diagnosis of sepsis with better markers would allow early treatment,
imperative in reducing mortality and morbidity. Markers may be helpful in con-
ducting trials with immunomodulatory therapeutics. Markers of sepsis capable
of predicting the immune status of the septic patient may help target the popula-
tion most likely to benefit from such therapeutics. An ideal method or marker of
infection should be cheap, easy to measure, be highly specific and sensitive, al-
lowing early diagnosis of sepsis, and should correlate with the severity of infec-
tion and help gauge the efficacy of therapeutic measures. Although numerous
parameters and methods have been proposed, none fulfils all the requirements.

A common feature of the presently used parameters is that they are related to
the systemic inflammatory response secondary to infection. Humoral and cellu-
lar elements of the immune response are activated during the immune response
and induce numerous mediators and inflammatory-related molecules e.g. cy-
tokines, chemokines, acute phase proteins and various other metabolites. Some
of these parameters are increased to a various degree in patients with sepsis and
infection as compared to patients without systemic inflammation or infection.
Recent studies intend to evaluate to what degree these parameters reflect the ac-
tivation of the systemic inflammatory response in patients with or without mi-
crobial infection. Among other parameters, C-reactive protein (CRP), inter-
leukin 6 (IL-6) and procalcitonin were focused on for their possible clinical use
for the diagnosis of sepsis, severe sepsis and septic shock.
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Procalcitonin

Procalcitonin is the 13-kDa propeptide of calcitonin which is normally produced
in the C-cells of the thyroid glands. In healthy individuals, procalcitonin levels
are very low (< 0.1 ng/ml). In patients with sepsis, however, procalcitonin levels
increase dramatically, sometimes to more than several hundred ng/ml [3, 8]. The
site of procalcitonin production during sepsis and its biological function is un-
known. In a recent experimental study, inhibiting procalcitonin action during
sepsis improved survival whereas treating animals with procalcitonin decreased
survival [27]. The basic biology of procalcitonin during sepsis deserves further
investigation.

A number of studies support procalcitonin as a marker of severe infections
and of sepsis. Patients with procalcitonin levels below or equal to 0.5 ng/ml are
unlikely to have severe sepsis or septic shock. Increases in procalcitonin levels
may indicate the presence of infection; however, the cutoff point may differ de-
pending on the setting. In the intensive care setting, only levels above 1.5 ng/dl
may identify sepsis [10]. A localized focus of bacterial infection, failing to in-
duce systemic inflammation, does not usually induce increased procalcitonin
concentrations.

Procalcitonin levels reflect the severity of the inflammatory/infectious re-
sponse. Infections accompanied by severe systemic reactions and signs of organ
dysfunction or poor peripheral perfusion more profoundly increase procalci-
tonin levels than infections with only moderate systemic response. Therefore,
therapies effective in controlling sepsis and reducing severity of disease may
lead to reductions in procalcitonin levels [17]. In pediatric patients, procalci-
tonin levels fell after successful antibiotic treatment [3].

Procalcitonin values are of prognostic significance in patients with bacterial
sepsis [29]. In critically ill patients, outcome was best predicted with procalci-
tonin as compared with TNF-a, IL-6, and C-reactive protein [23, 29]. Impor-
tantly, commonly used signs of infection such as body temperature and leuko-
cyte count were poor predictors of outcome. Procalcitonin may also be helpful
in the differentiation between bacterial and viral infections. In neonates and
children, those with bacterial meningitis had significantly higher levels of pro-
calcitonin than those with viral meningitis [7]. Preliminary results suggest that
procalcitonin may help differentiate an infectious from a non-infectious cause of
the acute respiratory distress syndrome (ARDS) in adults [5], and systemic fun-
gal or bacterial infections from episodes of graft rejection [12, 19, 20]. Procalci-
tonin can also be induced in immunocompromized patients [2, 19, 20]. Also, in
patients with necrotizing pancreatitis, procalcitonin was the best predictor of in-
fection of the pancreatic necrosis as compared to C-reactive protein and IL-8.
The predictive power of procalcitonin was almost equal to that of fine needle
biopsy, the gold standard [31]. However, these studies are based on small num-
bers of patients and need to be reproduced in a larger patient population.



Are There Useful New Markers of Sepsis? 139

Procalcitonin may not or may only slightly increase when infection remains
confined to a tissue or organ with no systemic manifestations. In patients with
severe infection, appropriate therapy may lead to very low levels of procalci-
tonin which may not indicate eradication of the infection. In these patients, an-
tibiotics or other therapeutic interventions may be indicated despite normal or
low procalcitonin levels.

Procalcitonin concentrations exceeding 10 ng/ml almost exclusively occur in
patients with severe sepsis or septic shock. However, procalcitonin levels may
increase (median 1-2 ng/ml, occasionally values up to 10 ng/ml) during non-in-
fectious inflammation such as major trauma, major surgery, birth stress, or ther-
apies with TNF-a or OKT3. In these situations, further increases or decreases in
procalcitonin level may be more informative than the absolute value. Procalci-
tonin levels also increase during cardiogenic shock; however, the levels are con-
siderably lower than those during septic shock [10].

C-reactive protein

C-reactive protein is an acute phase protein released by the liver after onset of
inflammation or tissue damage. During infections, C-reactive protein has both
pro- and anti-inflammatory effects. C-reactive protein may recognize and adhere
to pathogens and to damaged cells and mediate their elimination through inter-
action with inflammatory cells and mediators. However, C-reactive protein also
prevents adhesion of neutrophils to endothelial cells, inhibits superoxide pro-
duction, and increases IL-1 receptor antagonist production. Although IL-6 is the
main stimulus for the induction of C-reactive protein, other cytokines also play
a role in its production [6]. C-reactive protein is a frequently used clinical mark-
er to assess the presence and severity of an inflammatory response. Some stud-
ies support C-reactive protein as a marker of infection or of sepsis [15]. C-reac-
tive protein has been found to differentiate patients with pneumonia from those
with endotracheal infections [9], to aid the diagnosis of appendicitis [14], to as-
sess severity of sepsis [30] or to differentiate bacterial and viral infections [36].
Other studies, however, point to important properties of C-reactive protein
which limit its usefulness as a marker of severe infection and sepsis. First, plas-
ma levels of C-reactive protein increase up to 24 hours later than those of other
markers such as cytokines or procalcitonin [6, 25]. Second, plasma concentra-
tions of C-reactive protein may increase during minor infections and do not ade-
quately reflect severity of infection, nor differentiate between survivors and
non-survivors of sepsis [23, 37]. Third, plasma levels remain elevated for up to
several days even when infection is eliminated [23]. Lastly, C-reactive protein is
also elevated during inflammatory states of non-infectious etiologies, e.g. au-
toimmune and rheumatic disorders [11, 34], myocardial infarction, malignant
tumors, or postoperatively [24]. Probably because of these reasons, the predic-
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tive values of C-reactive protein in various patient populations can be poor for
the diagnosis of sepsis [13] and less so when assessing severity of sepsis.

Cytokines

Cytokines are peptides that regulate the amplitude and duration of the host in-
flammatory response [13]. Cytokines are released from various cells (blood and
endothelial cells, macrophages, etc.) in response to infectious stimuli and bind
to specific receptors of other cells, changing their behavior and defining their
role in the inflammatory response.

Mean serum levels of cytokines are increased in septic as compared to non-
septic patients. Persistently high or increasing levels of cytokines are mostly
found in non-survivors, whereas low and decreasing levels are found in sur-
vivors of sepsis. Despite the important role cytokines play in the pathogenesis of
sepsis, they do not fulfill many requirements of a good marker. First, some cy-
tokines are only released sporadically during severe infections and may bind to
receptor antagonists, and therefore have a very short circulating half life. Sec-
ond, cytokines are induced by numerous diseases other than sepsis or infection.
Third, assays to determine plasma cytokine levels are mostly expensive and time
consuming. Lastly, cytokine levels may vary or may be undetectable depending
on the assay used.

TNF-a, IL-1, IL-6, IL-8, and IL-10 are cytokines often associated with the
presence of sepsis. Cytokines such as TNF-o, IL-10, and IL-10 are not always
detectable in patients with sepsis. Because of this, they do not correlate well
with the clinical course of the patients [38] and are therefore not very helpful as
markers of infection despite their major role in the pathogenesis of sepsis.

Among cytokines, only IL-6 and IL-8 are most closely related to the severity
and outcome of patients with sepsis [38, 18] and high levels of IL-6 have been
proposed as an additional inclusion criterion for an immune modulatory sepsis
trial with antibodies directed against TNF-o [32]. In neutropenic patients, 11.-8
and IL-6, but not C-reactive protein, were significantly different between micro-
biologically documented infections and unexplained fevers [13]. In neonates, in-
creased plasma levels of both IL-6 and IL-8 can predict early onset of sepsis
with a high sensitivity and specificity [4]. During sepsis, high plasma levels of
IL-6 and IL-8 suggest an increased risk of complications and poor outcome
[13]. However, in patients with pancreatitis, increased IL-8 plasma levels do not
indicate infection of pancreatic necrosis with high sensitivity [31]. Furthermore,
IL-6 and IL-8 can also be induced to a variable degree after major surgery [35],
after major trauma [26], during acute exacerbations of autoimmune disorders
[33, 21], during viral infections and after transplant rejection [16, 22].

In summary, among cytokines, only IL-6 and IL-8 may have limited utility
as a marker of the presence, severity and outcome of sepsis. However, clinical
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use of these expensive parameters is questionable, and whether IL-6 can be used
as a very early predictor of infection or of sepsis deserves further investigation.

Conclusion

Early diagnosis of infection in critically ill patients is important to prevent com-
plications of microbial infection. Patient history and physical examination with
or without routine laboratory parameters frequently suffice to establish the diag-
nosis of sepsis. However, in some patients these same symptoms and parameters
may also occur during systemic inflammation of non-infectious etiology. Fur-
thermore, defining the severity of sepsis on clinical data alone may be difficult.
Recently cytokines (specially IL-6 and IL-8), C-reactive protein, and procalci-
tonin have been proposed as markers of sepsis and infection. All these parame-
ters have some merit depending on the clinical circumstances. C-reactive pro-
tein and procalcitonin are parameters with a different profile during various de-
grees of systemic inflammation and sepsis. Procalcitonin is superior for the di-
agnosis and especially for the follow-up of patients with a bacterial focus com-
plicated by symptoms of severe sepsis and septic shock. Especially during the
more severe stages of systemic inflammation, plasma procalcitonin concentra-
tions correlate better with the severity of inflammation than other parameters.
Also, procalcitonin concentrations rapidly decline after successful elimination
of the infectious focus and with the disappearance of the inflammatory re-
sponse. Procalcitonin can also be used to assess the efficacy of therapeutic
measures in controlling the source of sepsis. Furthermore, it is a very good pre-
dictor of increased TNF-ot and IL-6 levels in septic patients [28]. This suggests
that procalcitonin may reflect the immune status of septic patients and may be
helpful in recruiting patients in immunomodulatory trials. C-reactive protein is a
more sensitive parameter for the diagnosis of infection, but is less specific for
the diagnosis of sepsis and bacterial infection. Various etiologies other than mi-
crobial infection, such as autoimmune disorders, tissue trauma or viral infec-
tions, easily induce this acute phase protein. C-reactive protein is induced at
high concentrations already during less severe stages of the systemic inflamma-
tory response; this means that C-reactive protein is not very useful for the dis-
crimination between the different stages of severity, e.g., between severe sepsis
and septic shock. Also the increase and especially the decrease of C-reactive
protein plasma levels is delayed by 24-48 hours as compared to procalcitonin.
Although cytokines such as IL-6 and IL-8 correlate to some degree with the
severity of sepsis and patient outcome, they have not yet been adequately evalu-
ated for diagnosis and clinical decision-making at the bedside. For the diagnosis
of bacterial infection without signs of systemic inflammation, procalcitonin is
not superior to C-reactive protein. However, in patients with severe sepsis and
septic shock procalcitonin seems to be a useful parameter to improve diagnosis
and therapy monitoring in these severely ill patients.
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