
INTRODUCTION

The response to infection is such a complex process that 
both in patients with compromised immune system, such as 
neutropenic or lymphopenic patients, or in those with exag-
gerated reaction, this dysregulated host response results in in-
creased mortality rates. In fact, the update of sepsis definition 
considers the organ system dysfunction as a result of the host 
response [1]. 

In this interaction between the host and the pathogen, a 
large amount of molecules are released whose usefulness as 
biomarkers for screening, diagnosis, risk stratification or moni-
toring, has been studied with some contradictious results that 
have questioned its clinical application [2, 3]. 

Unfortunately, no biomarker in sepsis has proven to 
have 100% sensitivity and specificity at the same time 
to establish the diagnosis of an infectious cause in those 
who suffer some organic failure or indicate when antibi-
otic treatment should be started or stopped, but their use 
help to make these decisions with a smaller margin of error. 
Thus, the main utility of a biomarker is given by its likeli-
hood ratios (LR). The LR (+) = Sensitivity / (1 - specificity) 
and the LR (-) = (1 - sensitivity) / Specificity. For example, 
when a sepsis is suspected, a useful biomarker will have a 
high LR (+), which increases the post-test probability sup-
porting the clinical diagnosis.

In general it is considered that LR> 10 or <0.1 generate 
large and often conclusive changes from pretest to posttest 
probability LR of 5 - 10 and 0.1 - 0.2 produce moderate shifts 
in pre-test to post-test probability, LR of 2 - 5 and 0.5 - 0.2 
generate small (but sometimes important) changes in proba-
bility and LR of 1 - 2 and 0.5 - 1 will alter the probability to a 
small and rarely important degree [4]. 

The use of some normograms allows to better visualize 
how diagnostic probability post-test improves with the use of 
biomarkers (figure 1) [5]. 
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RESUMEN

La patología infecciosa puede ser debida a microorganismos 
muy diferentes que producen cuadros clínicos con una expresivi-
dad muy variada tanto en los síntomas como en la gravedad. Por 
ello, se necesitan diferentes herramientas diagnósticas y pronósti-
cas que ayuden a tomar las decisiones más adecuadas en cada 
momento de la atención a un paciente con sospecha de infección. 
En esta mini revisión se analizará cómo algunos biomarcadores 
disminuyen el nivel de incertidumbre en la toma de decisiones 
clínicas en algunas fases de la atención a la sepsis, como puede ser 
la propia identificación del paciente séptico, la necesidad de iniciar 
tratamiento antimicrobiano, el tipo y su duración.
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THE USEFULNESS OF BIOMARKERS IN THE STRA-
TIFICATION OF SEVERITY

The early identification of septic patients is particularly 
important in those who are critically ill because the rapid es-
tablishment of resuscitation measures and administration of 
the appropriate antimicrobial reduce mortality [9]. 

Recent definitions of sepsis have attempted to improve 
the sensitivity and specificity of the systemic inflammatory re-
sponse syndrome (SIRS) to identify patients at increased risk 
of death in the course of an infection, by proposing q-SOFA 
≥ 2 in emergency department or SOFA score ≥ 2 in patients 
admitted in ICU as the definition of sepsis, in other words, the 
infection that causes organic dysfunction [10]. 

According to this, in order to identify septic patients 
among those suffering from infection, no biomarker would be 
needed in the emergency department, but they are essential 
in the ICU to calculate SOFA score. However, it is necessary to 
point out that in the publication that stablishes the basis for 
the latest definitions of sepsis [10], the mortality of patients 
with lactate ≥ 2 mmol/L and q-SOFA = 0 is similar to those 
who had q-SOFA ≥ 2 and lactate ≤ 2 mmol/L which shows the 
usefulness of this biomarker to identify patients whose clinical 
symptoms do not express the true severity so we consider that 
it is essential to determine lactate in cases of high suspicion of 
sepsis, which may be valid in a venous blood sample for this 
purpose. On the other hand, these same definitions state that 
in order to diagnose septic shock, the presence of hyperlactac-
idemia ≥ 2 mmol/L is necessary as well as the need to associ-
ate vasopressors to maintain the mean arterial pressure ≥ 65 
mmHg after fluid resuscitation [11]. 

Therefore, obtaining lactate in the initial stages of sus-
pected sepsis is crucial and should be re-measured because it 
has proven to be a useful tool to know if the clinical course of 
sepsis is being favorable [12]. 

PCT values, particularly in low ranges (0.5-2 ng/mL), are 
not very useful in identifying the most severe patients because 
of its little power of discrimination. However, very high val-
ues   (> 10 ng/mL) suggest a significantly increased risk of sepsis 
and/or septic shock [13] and low values   (< 0.2 ng/mL) prac-
tically rule out bacteraemia with a negative predictive value 
(NPV) > 98% [14] and consequently its determination will also 
help to make decisions in some cases. So a patient suffering 
from shock, very low levels of PCT (<0.2 ng/mL) confirmed 12 
hours later, make a bacterial infection unlikely and require al-
ternative diagnoses (viral infections, autoimmune conditions 
or other types of shock).

Recently, the role of MR-ProADM in emergency depart-
ments and critically ill patients has been studied as a marker of 
severity since it is more stable and its determinations more re-
producible than adrenomedullin (ADM), a peptide hormone of 
the calcitonin family, produced by different tissues in response 
to physiological and pathological stress (including sepsis).

Specifically, MR-ProADM in patients older than 75 years 
treated in the emergency room for infection has shown to 

The determination of some biomarkers such as lactate or 
procalcitonin (PCT) has been automated and become cheaper 
in recent years, which has extended its use and several studies 
establish their LR at levels that produce moderate and some-
times important changes in decision making [6-8]. 

This “mini” review will focus on analyzing how their 
knowledge helps reduce the level of uncertainty in clinical 
decision making and can help both identify more serious pa-
tients and make better use of antibiotics. A brief consideration 
will be given to what can be contributed by the mid regional 
pro-adrenomedullin (MR-ProADM), described more recently.

Figure 1  How interpret diagnostic test results. 
Adapted from Fagan[5].

Let us suppose a biomarker as PCT has proved to have a LR(+) to diagnosing 
ventilator associated pneumonia (VAP) of 13.5 and a LR(-) of 0.55 for a cut-off 
level of 3 ng/mL[6]. When suspecting a patient is suffering from VAP because of 
clinical and radiographic findings with a probability of 60% if the PCT is > 3 ng/
mL the probability of VAP will raise up to 95% (continuous line) while if PCT is < 
3 ng/mL the probability will decrease to around 40% (dash line) which can help 
us to decide starting antibiotics or not.
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infection, an average of 2.5 days, even in critical patients [19, 
23]. However, it is also important to take into account the lim-
itations of PCT to make an adequate use of it. PCT is released 
to blood when monocytic cells adhere and interact with pa-
renchymal cells as expression of systemic response to infection 
that might not occur in localized infections such as abscesses 
so PCT is not useful in those cases. The onset or duration of an-
tibiotics in other serious infections such as endocarditis cannot 
be guided by PCT or other biomarker because it aims to “ster-
ilize” the affected endocardial structure and that may require 
a long period of antibiotic treatment even though the PCT is 
normalized. Apart from that, the studies that have analyzed 
the role of PCT in guiding antibiotic duration have not includ-
ed cases of endocarditis.

CONCLUSIONS

Biomarker measurements are necessary to determine SO-
FA score (bilirubin, creatinine, platelets) that rapidly identify 
patients with sepsis, especially in those admitted in ICU. Lac-
tate and MR-proADM help identify septic patients at high risk 
of death, low PCT levels (<0.2 ng/mL) in cases of respiratory 
infection without organ dysfunction can prevent the onset of 
unnecessary antibiotics and its monitoring allows to shorten 
antimicrobial therapy without worsening the prognosis.
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