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SuMMARY

Objective: Sepsis is a common condition encountered in hospital environments. There
is no effective treatment for sepsis, and it remains an important cause of death at inten-
sive care units. This study aimed to discuss some methods that are available in clinics,
and tests that have been recently developed for the diagnosis of sepsis. Methods: A sys-
tematic review was performed through the analysis of the following descriptors: sepsis,
diagnostic methods, biological markers, and cytokines. Results: The deleterious effects
of sepsis are caused by an imbalance between the invasiveness of the pathogen and the
ability of the host to mount an effective immune response. Consequently, the host’s im-
mune surveillance fails to eliminate the pathogen, allowing it to spread. Moreover, there
is a pro-inflammatory mediator release, inappropriate activation of the coagulation and
complement cascades, leading to dysfunction of multiple organs and systems. The dif-
ficulty achieve total recovery of the patient is explainable. There is an increased incidence
of sepsis worldwide due to factors such as aging population, larger number of surgeries,
and number of microorganisms resistant to existing antibiotics. Conclusion: The search
for new diagnostic markers associated with increased risk of sepsis development and
molecules that can be correlated to certain steps of sepsis is becoming necessary. This
would allow for earlier diagnosis, facilitate patient prognosis characterization, and pre-
diction of possible evolution of each case. All other markers are regrettably constrained
to research units.
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INTRODUCTION

Sepsis, considered the 10" leading cause of death in
the United States (US), is a challenge for medicine to-
day'?, and its incidence ranges from 76 to 100 cases per
100,000 people. Sepsis and septic shock are among the
major causes of death in non-coronary intensive care
units (ICU)®®. In Brazil, the average mortality rate is
estimated to be of approximately 29%'. In addition,
sepsis is not a reportable disease. As a consequence, it
is estimated that these numbers may be higher, since
the cause of death might be attributed to other compli-
cations. Some studies, for example, have claimed that
the mortality rate due to sepsis might vary from 30%
to 60%'". In an evaluation in the US, involving more
than 6 million hospital records in 7 states, the average
number of cases of sepsis was 751,000 per year, with a
mortality rate of 28.6%". Alarming headlines declare
that incidence and mortality rates of sepsis are increas-
ing each year. Recently, it was reported that an average
of 215,000 people a year died from sepsis between 1979
and 2000 in the US, and an increase of 9% per year of
mortality rate®. Aging population, multidrug-resistant
microorganisms, popularization of invasive techniques
(such as bladder catheters, endotracheal tubes, and in-
travascular catheters), and increasing number of surgi-
cal procedures are among the factors that might explain
the higher incidence of sepsis. The peak incidence usu-
ally occurs in individuals in the 6th decade. Thus, ge-
netic variation, unconventional lifestyle, and gender are
some other factors that may increase the risk of sepsis.
Although much is known about sepsis, the disease
has shown a complex clinical and therapeutic profile.
Sepsis is a syndrome characterized by a systemic inflam-
mation that can occur in the body as a consequence of a
simple infection. Sepsis is actually a counteracting ‘mis-
response’ of the body against infecting microorganisms.
This uncontrolled reaction is characterized by a biased
system, in favor of pro-inflammatory, pro-coagulant,
and over reactive immune inflammatory response’.
The magnitude of the response depends on several
factors, such as the virulence of the organism, host ge-
netics, and immune status. Moreover, for the progres-
sion of the infection to occur, it is necessary that the
host cannot contain or destroy the primary infection.
Thus, most patients develop either sepsis, or the sys-
temic inflammatory response syndrome (SIRS), which
is a clinical pro-inflammatory response, predominantly
cytokine-mediated, to a nonspecific insult of either in-
fectious or noninfectious origin. In addition, advances
in cellular and molecular biology have demonstrated
that bacterial invasion or its by-products (endotoxins,
lipopolysaccharide — LPS) need to interact harmfully
with the host’s immune system for the development of

sepsis'®. Moreover, among patients who develop sepsis,
only a few progress to severe sepsis and are at a higher
risk of death’>"7.

In the progress of the uncontrolled inflammatory
response in sepsis, unpredictable cardiovascular phe-
nomena occur, such as hypovolemia, peripheral vaso-
dilation, myocardial depression, increased endothelial
permeability, and hypermetabolism. Patients with sepsis
according to a consensus established at the International
Conference of Sepsis'* show a diversity of clinical signs.
Temperatures can vary from higher than 38°C to lower
than 36°C, heart rate may be above 90 beats per min-
ute (bpm), tachypnea (FR > 20/min) or hyperventilation
(pCO, < 32 torr) may be present, and white blood cell
count may be above 12,000 or below 4,000 cells/pL"$%.

Severe sepsis is characterized when there is associa-
tion of sepsis with organ dysfunction. Septic shock, on
the other hand, occurs when resuscitation maneuvers
are mandatory due to hypotension or persistent changes
in tissue perfusion after conservative attempts of hemo-
dynamic homeostasis maintenance are performed. Nev-
ertheless, the boundaries between severe sepsis, septic
shock, and multiple organ dysfunctions are not clearly
defined in clinical practice'*%..

Several inflammatory markers have failed to fulfill
the requirements to be eligible for an early and reli-
able diagnostic predictor of sepsis. Studies'”** have
shown that the best policy is to consider a combination
of markers, since the majority of the studies in animal
models are not reproducible in humans. This, added
to the fact that several markers are commonly found
in a wide range of diseases, creates a great difficulty
in relating laboratory data to the patients prognosis.
Clinical laboratory diagnosis is crucial to avoiding de-
lay in treatment® . Thus, one-quarter of patients with
sepsis have inadequate treatment and worse prognosis
as a consequence of a delayed diagnosis'*'”*2. In sum-
mary, diagnosis can be considered a two-sided process.
Firstly, finding biomarkers capable of monitoring meta-
bolic homeostasis and constantly evaluating patient se-
verity, indicating whether there is systemic or specific
organ involvement. Secondly, finding a marker related
to pathogen identification, through a quick screening
of the patient®. A diagram depicting the diagnostic
sepsis phases is presented in Figure 1. In other words,
laboratory tests should aim to identify compromised
systems or organs, including indicators of inflamma-
tory response in peripheral blood (pro-inflammatory
mediators and acute phase indicators) and indicators of
organic disorders. Enhanced serum lactate, cytokines,
colony stimulating factor, and granulocyte markers of
inflammation may be early indicators of more severe
conditions, such as SIRS.
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Figure 1 — Diagnostic sepsis phases.

METHODS

The data presented in this review originated from a sys-
tematic analysis of the PubMed database over the last 10
years by searching for the following terms: sepsis diag-
nostic, sepsis methods, biological markers, and cytokines.
The authors have attempted to summarize and to reference
the literature about sepsis and laboratory diagnostics.

HEMATOLOGICAL ASSESSMENT

Blood count analysis and peripheral blood smear tests
are usually the first results to be obtained and can pro-
vide important information for the clinical management
of patients. Frequent leukocytosis is noticeable in patient
with sepsis. However, leukopenia or pancytopenia may
also be found”. Neutrophilia with a left shift and the pres-
ence of immature granulocytes with toxic granulations can
be found. The latter, when present in large numbers, is a
marker of severity of infection.

Inflammatory mediators cause increased vascular
permeability and immune cells chemotaxis to the site?® .
In this process, neutrophils move out of the capillaries,
enter the tissues, releasing proteolytic enzymes and reac-
tive oxygen species®®*. Platelets are then attracted to and
stick to the damaged endothelium. Platelets and leuko-
cytes occlude the microvasculature leading to a decrease
in the blood flow. Following, there is a need to increase
oxygen offered to tissues, but this is impossible due to
vascular changes.

In addition, there is activation of the coagulation cas-
cade secondary to the complement system, causing a re-
duction of anticoagulants factors. In patients with mi-
crovascular coagulopathy, it is possible to find different
degrees of thrombocytopenia and microangiopathy, with
or without the presence of erythroblasts, and schizocytes™.
Thrombocytopenia is an independent prognostic marker
of mortality in sepsis and should be carefully investi-
gated. The course of sepsis may be the result of drug use,

post-transfusion purpura, thrombotic thrombocytopenic
purpura, disseminated intravascular coagulation, or hep-
arin-induced thrombocytopenia®. Thus, these candidates
for diagnostic markers should be intensively investigated
in the near future.

BIOCHEMICAL ASSESSMENT

In sepsis there is a great variation of the patient’s elec-
trolytes levels and elevated levels of liver enzymes due to
hypoxia. There is also a pronounced hyperglycemia with
a hyper- or hypocoagulable state, and metabolic acidosis
with respiratory compensation and increased anion gap
due to lactic acid production are commonly found?.

The use of biochemical diagnostic markers is vi-
tal to determine the prognosis of the patient. The use
of gas analysis and other tests such as lactate, albumin,
C-reactive protein (PCR), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and hemopex-
in levels are important not only to indicate patient status,
but also to give a good picture of the changes in blood
homeostasis?>***!. Gas analysis also provides important
information regarding the patient’s need for fluid replace-
ment, since the presence of elevated PCR, ALT, and AST
is relatively common in sepsis. This may be due to liver
injury, post-ischemic condition, and it might also indicate
drug toxicity, or be a synonym of direct aggression of the
hepatocytes with mitochondrial dysfunction®. Lactate
levels, for which tests are available in most hospitals and
are relatively low cost, appear to be associated with in-
creased mortality risk in sepsis*.

Albumin is an independent diagnostic marker of se-
verity and mortality in sepsis. During inflammation, there
is a leakage of serum albumin to the interstitium and al-
buminuria in varying degrees. The claimed replacement
of exogenous albumin remains controversial in terms of
mortality reduction®. The albumin role is better estab-
lished in patients with liver dysfunction, ascites, and acute
lung injury®. Natriuretic peptides (NP) are released by
atrial distension and play important role in regulating
blood volume, and are considered markers of heart failure.
In patients with septic shock, increased levels of NP are as-
sociated with higher mortality by myocardial-depression.
Recent studies with ICU patients demonstrated that NP
levels were significantly higher in survivors than in non-
survivors, therefore they are a potential indicator of posi-
tive prognosis in sepsis**.

Blood lactate levels can also be useful in evaluating
severe sepsis**’. Serum lactate is a good indicator of the
presence of hypoxic tissue during septic shock, since its
production takes place during anaerobic metabolism®'.
Research conducted by Arnold et al.>' and Nguyen et al.”
provided results suggesting that the clearance lactate rate
measure is important in order to identify patients who
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better respond to treatment and have a more favorable
prognosis. In addition, serial measurements of lactate lev-
els in septic patients are more appropriate to assess dis-
ease progression rather than a single measurement®’. The
determination of plasma procalcitonin (PCT) can also be
valuable in early diagnosis of patients with severe sepsis®.
PCT is the precursor of calcitonin, and higher levels are
associated with the development of severe sepsis. Com-
monly, there is an elevation of PCT levels 4 h after the on-
set of symptoms, peaking between 8 h and 24 h**. There is
evidence that PCT levels are higher in infections caused by
Gram-negative than those caused by Gram-positive bacte-
ria®® and it seems to be more specific than PCR'.

Ferritin, serum iron binding capacity, and transferrin
are tests that must be interpreted with caution in septic
patients, since all may be changed due to the presence of
high levels of hepcidin®. Ferritin is an acute phase protein
that is usually elevated in sepsis and reflects the status of
iron stores. The authors of the present study proposed that
the level of soluble transferrin receptor should be a good
assessment of iron store levels, but even this test has its
accuracy reduced in cases of sepsis. The interpretation of
these tests should be performed in conjunction with the
level of hemoglobin and reticulocytes. Another interest-
ing test reported is insulin sensitivity test®*®. According
to Lin et al., glycemic sensitivity reflects the physiological
state of the patient together with temperature, heart rate,
breathing score, and blood pressure. Careful studies on the
changes of these rates would allow physicians to elaborate
a mathematical model to predict the onset of sepsis and
the need for antibiotics®*.

MICROBIOLOGICAL EVALUATION

Despite numerous advances in the diagnosis of sepsis, the
microbiological evaluation has not yet lost its importance,
since it is paramount to identify the causative agent in or-
der to choose an adequate antibiotic therapy. Microbio-
logical evaluation includes direct tests and blood (at least
two) or other body fluid culture such as urine, cerebrospi-
nal fluid, feces, secretions, and exudates®*®*. Preferably, the
sample collection should be performed before the use of
antimicrobial therapies. For hospitalized patients, material
for culture can also be collected through other methods,
including venous or arterial catheters (blood catheters),
urinary catheter, tracheotomy (tracheal aspirate), and
sutures or scars from recent surgeries®>. Although blood
culture is the currently adopted method, several patients
with sepsis have negative results for this exam. In the
ICU, the main causative agents of sepsis are Staphylococ-
cus spp., Staphylococcus aureus, Pseudomonas aeruginosa,
Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis,
Enterococcus faecalis, Acinetobacter baumannii, and Can-
dida spp.®**°. The use of automated systems for monitoring

blood cultures (VITEK, ESP Culture Trek Diagnostic Sys-
tems; BacT / Alert and BACTEC the bioMérieux BD) in-
creases the speed and improves their efficiency®***. Most
systems monitor the consumption of carbon dioxide
(CO,) by colorimetric methods, generally detecting posi-
tivity after 48 hours. An important point to highlight is the
way in which the sample collection is performed, in order
to avoid false positives and contamination with skin flora.

IMMUNE ASSESSMENT

During an immune response, there is activation of vari-
ous mechanisms of host defense against a pathogen, such
as inflammation, complement and coagulation cascades,
polymorfonuclear (PMN) activation, and chemoattrac-
tion to the site'*?. These processes are over reactive in
SIRS condition. This exacerbated activation of the inflam-
matory response may lead to greater cell damage, which
can culminate with an impairment of the immune re-
sponse. Despite the fact that only a few tests are commer-
cially available for clinical evaluation purposes, there are
several other inflammatory mediators that are screened
in the experimental field. Among those markers used as
mediators in sepsis there are cytokines such as tumor ne-
crosis factor alpha (TNF)-a, interleukin (IL) -1, IL-6, IL-8,
IL-10, and interferon (IFN)-y**®, and the presence of
bacterial products in the blood or the bacterium itself’*"'.
IL-1 and TNF-a cytokines are the first cytokines released
in an infection and stimulate cellular response. These cy-
tokines release secondary mediators, resulting in chemo-
taxis and granulocyte activation®®?*. These, in turn, lead
to another round of cytokine outbreak, which could also
give a good picture of the inflammatory process if they
could be assessed.

A good example of an acute mediator is IL-6, which
is also a predictor of the severity and prognosis of sepsis.
Nonetheless, this cytokine lacks specificity, since is likely
to be present in high levels in several other inflammatory
processes®®’>7. For the same reason, TNF-a cannot be
used for the diagnosis of sepsis. IL-10 is an anti-inflamma-
tory cytokine and its level appears to indicate whether the
patient is able to respond to an aggression. Bacteria and
their by-products, such as LPS and lipoprotein binding
protein (LBP), are also good inflammation markers. LBP is
an acute phase protein involved in immune response me-
diated by endotoxin that allows the endotoxin to bind to
CD14 receptor, which subsequently activates the expres-
sion of toll-like receptors (TLR)-2 and TLR-4 and triggers
gene transcription”.

Unfortunately, all these markers are common to many
different inflammation types and are also found in simple
infections, and thus, are not good predictors of inflamma-
tion severity. Also, it is necessary to process the sample im-
mediately, because these proteins are labile and can easily

Rev Assoc Med Bras 2012; 58(4):498-504
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change or be degraded. Once again, as previously men-
tioned, it is imperative to find a “pathognomonic” marker
for sepsis that can routinely be used for clinical diagnosis.

MOLECULAR DIAGNOSIS

The use of molecular biology techniques to diagnose new
cases of sepsis is necessary. This has been strongly en-
couraged by the requirement of smaller samples, capable
of providing reliable results and earlier diagnosis. These
techniques can detect the presence of LPS in the blood,
expression of High-Mobility Group Box (HMGB) -1 or
even identify bacterial DNA’. These tests, however, are
not 100% accurate, but they do strongly indicate the pres-
ence of sepsis. Detection of bacterial DNA fragments by
real-time polymerase chain reaction (RT-PCR) in blood
samples, or 16S rRNA fragments of Gram-positive and
Gram-negative bacteria and Candida in the 185 rRNA
might be very promising to help early detection of sepsis,
since they have shown a high degree of specificity and sen-
sitivity. The main disadvantages of these techniques are the
high costs, the lack of standardization, and the need for
skilled personnel to perform them.

The ideal test should be precise, affordable, reproduc-
ible, fast, and show high specificity and sensibility, being
able to accurately evaluate the patient during different
stages of the condition. Until now, none of the tests ful-
filled these conditions.

SCORING PREDISPOSITION TO SEPSIS

The criteria for diagnosis of sepsis was established in 1991,
and revised only at the International Sepsis Definitions
Conference in 2001¥. The risk and individual symptoms
during sepsis were defined as PIRO: predisposition to in-
fection and response to organ dysfunction*”””. This score
is important to establish a correct and personalized treat-
ment implementation in sepsis. The PIRO score uses sev-
eral indicators such as prior co-morbidities, gender, age,
culture and characterization of the sensitivity of the mi-
croorganism, SIRS, manifestations of sepsis, shock, PCR,
and failure rate of organ dysfunction®”. Another widely
used diagnostic criterion is the age acute physiology and
chronic health examination (APACHE)”®”, but it is more
restricted and sometimes fails to differentiate sepsis from
SIRS. In addition, the information obtained from the
monitoring of indicators of severity (sepsis-related organ
failure assessment — SOFA) may be more appropriate in
many cases®.

ConcLusioN

Rapid diagnosis is essential in the case of sepsis. Labora-
tory findings are important and represent a two-sided pro-
cess. The first side is responsible for monitoring changes in
metabolic homeostasis and patient evaluation; indicating

severity of the disease and whether there is involvement
of specific organs or entire systems. The second refers to
pathogen identification through a microbiological screen-
ing of the patient.

Several indicators might be used for this purpose:
pro-inflammatory mediators, acute phase indicators, and
pathogen metabolites. Lactate levels, serum cytokines,
presence of colony stimulating factors, and plasma nitric
oxide levels may be early indicators of SIRS, but remain
restricted to research units.

An ideal test should allow for a fast and precise diagno-
sis, be reproducible, affordable, and have high sensitivity
and specificity. Despite several candidates such as blood
culture, serum lactate, and PCT levels, a combination of
tests is still compulsory for the diagnosis of sepsis. In a
field where speed and accuracy are needed, a gold stan-
dard test for sepsis is still searched for. Because health is
so precious, knowledge must rise to meet current needs.
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