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Abstract
Sepsis represents a severe pathology that requires both rapid and precise positive and differential diagnosis to identify patients who need immediate antimicrobial therapy. Monitoring septic patients’ outcome leads to prolonged
hospitalisation and antibacterial therapy, often accompanied by substantial side effects, complications and a high
mortality risk.
Septic patients present with complex pathophysiological and immunological disorders and with a predominance of
pro-inflammatory or anti-inflammatory mediators which are heterogeneous with respect to the infectious focus, the
aetiology of sepsis or patients’ immune status or comorbidities. Previous studies performed have analysed inflammatory biomarkers, but a test or combinations of tests that can quickly and precisely establish a diagnosis or prognosis
of septic patients has yet to be discovered. Recent research has focused on re-analysing older accessible parameters
found in the complete blood count to determine the sensitivity, specificity, positive and negative predictive values for
the diagnosis and prognosis of sepsis.
The neutrophil/lymphocyte count ratio (NLCR), mean platelet volume (MPV) and red blood cells distribution width
(RDW) are haemogram indicators which have been evaluated and which are of proven use in septic patients’ management.
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Introduction

Sepsis is a clinical syndrome whose incidence and mortality rate has increased over the last thirty years, [1]
as a consequence of patients’ advanced age, immunosuppressive diseases and therapies or infections with
multi-drug resistant bacteria [2]. It remains the leading cause of death in non-coronary intensive care units
worldwide, with a mortality rate estimated at 30% in
sepsis and 80% in septic shock in the USA [3] and at
12.8% in sepsis and 45.7% in septic shock in Europe
[4]. Reduced rates of reporting may affect estimations
in developing countries.
The concept of sepsis, defined for the first time at the
beginning of the 90’s and updated in 2001 [5], refers
*

to the presence of an infectious systemic inflammatory
response syndrome (SIRS). The definition was reanalysed and modified in 2016 relating it to a severe organ dysfunction, caused by an inadequate response of
the organism to an infectious agent [6]. The prognosis
and the rate of mortality are now estimated using the
SOFA score (The Sequential Organ Failure Assessment
score). This definition, nevertheless, does not offer
clear criteria for sepsis diagnosis. In this context, sepsis
raises multiple problems of diagnosis and prognosis,
and further studies are necessary to identify useful criteria for establishing a rapid and correct diagnosis and
quick and effective treatment.
Several inflammatory biomarkers have been evaluated with the aim of identifying those with the highest
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sensitivity, specificity, positive and negative predictive
values for sepsis diagnosis. Another problem is the assessment of the septic patient outcome during treatment as currently used clinical and biological criteria
are undefined and inadequate for this purpose.
Previously published studies have investigated the
use of inflammatory biomarkers in assessing the severity and outcome of the disease treated under defined
antimicrobial therapy. They tend to offer little precise
results due to group heterogeneity and the inclusion of
patients with various comorbidities.

Search

criteria
There is an extensive literature regarding inflammatory biomarkers in sepsis. These include haemogram
indicators like Neutrophil/Lymphocyte Count Ratio
(NLCR), Mean Platelet Volume (MPV), Red Blood
Cells Distribution Width (RDW), and continue with
the classic inflammatory tests such as fibrinogen, Creactive protein (CRP) and go on with the discovery of
procalcitonin (PCT), soluble-CD14 subtype (sCD14ST, presepsin), pro-adrenomedullin (pro-ADM), soluble triggering receptor expressed on myeloid cells-1
(sTREM-1), interleukin-6 (IL6), interleukin-8 (IL8),
interleukin-27 (IL27), soluble urokinase-type plasminogen activator receptor (suPAR).
To date, no inflammatory biomarker has been identified which exhibits a high degree of sensitivity and
specificity which would permit the identification of patients who need rapid antibiotic therapy.
The literature focuses on NLCR, MPV and RDW,
i.e., the three haemogram parameters which are easy
to evaluate, and which do not incur additional costs to
routine analysis.

Literature

review
Neutrophil/lymphocytes count ratio (NLCR) has been
the focus of several recent studies published as it is
accessible, cheap and readily determined. The importance of this parameter is related to the pathophysiological mechanism of SIRS, which is characterised by
an increased number of circulating leucocytes, due to
the increased number of neutrophils, the first line of
antimicrobial defence. On the other hand, lymphocytopenia appears as a consequence of lymphocyte margination and redistribution in the lymphatic system,
with accelerated apoptosis [7].
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The predictive role of NLCR has been evaluated
not only in septic patients but also in patients with
tumours, cardiovascular diseases or intestinal inflammatory diseases. The initial value of this indicator was
correlated with the outcome and with the survival rate
in patients with different types of cancers: pulmonary,
breast, prostatic, pancreatic, oesophageal [8], colorectal
[9] or hepatocellular carcinoma followed by liver transplant [10]. Several studies, published in cardiovascular
medicine domain, showed the prognostic role of NLCR
in patients with an acute coronary syndrome, aortocoronary bypass or congestive heart failure [11, 12].
Moreover, Ertas et al. (2013) indicated that NLCR was
useful in the prognosis of patients with thromboembolic stroke [13]. On the other hand, a high correlation between NLCR and the outcome of patients with
gangrenous appendicitis was demonstrated, and was
shown to be superior to other parameters like fever,
CRP, Leucocytes number or the Glasgow scale [14].
Moreover, NLCR is considered to be superior to other biomarkers such as CRP, leukocytes count or neutrophils count, as a predictor for bacteraemia in patients
admitted to emergency or intensive care units [15].
In a study of 40 patients with severe sepsis, Okashah
et al. (2014) highlighted NLCR superiority regarding
sensitivity, specificity, positive and negative predictive
values to other parameters like lactate, CRP, neutrophils count, lymphocytes count, or leucocytes count.
[16] The same study showed the usefulness of NLCR in
prognostic evaluation by highlighting the statistically
significant correlation with two severity scores, Acute
Physiology and Chronic Health Evaluation (APACHE)
II (p=0.01) and SOFA (p=0.01).
Other studies attempted to establish threshold values for NLCR to predict the severity and outcome of
the disease. A retrospective study, which included
2311 patients with bacteraemia concluded that a value of NLCR over seven on admission, represented an
independent increased mortality rate risk factor [17].
A more recent study showed that an initial value of
NLCR over ten could be correlated with an unfavourable prognosis, as assessed by the number of SIRS criteria, the presence of organ failures or septic metastasis
at admission. Despite the low number of investigated
patients, this study tended to substantiate the prognostic role of NLCR in sepsis through the statistically significant correlations with APACHE IV (p=0.01) and
APS (p=0.01) scores and with the estimated rate of
mortality (p=0.01) [18].
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Mean platelet volume (MPV) is another haemogram parameter which has gained importance in the
management of septic patients. Sepsis induces multiple
changes in the organism systems, including the haemostasis, platelets activation including excessive aggregation and destruction, with consequences on their
number and dimension. Platelet activation is caused by
endothelial injuries triggered by the infectious agent.
In this context, an increased MPV and a reduced platelet count are associated with an unfavourable prognosis
and with an elevated mortality risk [19].
Studies published in the early 80’s showed elevated
values of MPV in about half of patients with systemic
infection, in contradistinction to those with localised
bacterial infections and negative blood cultures. In
these cases, MPV values remained within normal limits, independent of platelet count. Same authors concluded that in patients who received effective antimicrobial therapy, MPV became normal within one week.
Also, the increase of MPV in patients with localised
infection was considered a signal for a generalised infection [20].
The further discovery of other inflammatory biomarkers tests with a superior sensitivity such as fibrinogen, CRP or PCT, lead to MPV being marginalised
form the core literature. However, recently, numerous cost-effective studies have been published which
feature this accessible parameter. One study involving 183 septic patients revealed a correlation between
MPV value at admission and the risk of death. Patients
who died presented with a higher initial value of MPV
(9.6 versus 9.19 fl, p=0.031) [21]. The relation between
MPV and the disease severity as evaluated by APACHE
IV, and APS scores, were also shown to be statistically
significant (p=0.03, respective p=0.02) [22].
Establishing a threshold value for the diagnosis or
prognosis of sepsis has been the target of several recent
studies. A level of MPV over eight fl is associated with
moderate sensitivity (53.47%) and excellent diagnostic
specificity. Besides thrombocytopenia and elevated
MPV, an increased platelet distribution width (PDW)
was also registered in septic patients, and it was found
that a value over 18% is associated with a higher risk of
death [23].
The predictive value of MPV in appreciating the
mortality risk was not demonstrated in patients with
septic shock, in which MPV median was similar between the group of deceased patients and the survivor
group (10.6 fl [±0.9] versus 10.5 fl [±0.9]. In this study,
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other parameters such as age, APACHE and SOFA
scores and the platelet count indicated significant differences between the two groups of patients [24].
MPV was evaluated for neonatal sepsis prognosis
in multiple studies in which a comparative analysis
was made between patients with proven sepsis and a
healthy control group. The evaluation of inflammatory biomarkers at admission revealed higher values
of the leucocyte count, CRP, IL-6 and MPV in patients
with sepsis (p=0.01, p<0.001, p<0.001, respectively
p=0.001), compared to the control group. Furthermore, the CRP and MPV medians were significantly
higher in patients with positive microbiological tests,
comparative to patients with sepsis of unknown aetiology [25]. MPV proved a good predictor of the outcome
of children with community acquired pneumonia, but
with limited specificity and a negative predictive value
and a high rate of false-negative results [26].
MPV has been shown to be useful in the prognosis
of other non-infectious pathologies, such as ischemic heart disease [27] or stroke [28], as much as other
markers of unspecific inflammation.
Red cell distribution width (RDW) represents an indicator which can vary in sepsis, under the influence of
pro-inflammatory cytokines (TNFα, IFNδ, IL-1β, IL-6)
[29], released during the inflammatory process. These
cytokines cause inefficient erythropoiesis resulting in
structural and functional changes of erythrocytes, with
volume variations and increased RDW. High values of
this parameter can also appear in nutritional deficiencies such as iron deficiency anaemia, vitamin B12 or
folate deficiency anaemia, or in blood transfusions
[30]. As RDW is a marker of unspecific inflammation,
it can increase in many other diseases such as heart failure, stroke, peripheral arterial disease or chronic pulmonary diseases [31].
Recent studies have centred on evaluating RDW’s
prognostic value and less for the diagnostic role in sepsis. A study, which enrolled 349 patients, revealed the
function of RDW in appreciating septic patients’ outcome through the statistically significant association
with APACHE II score and with hospital mortality rate.
(p<0.0001). This study demonstrated that an RDW
value over 16% is concurrent with a higher APACHE
value and risk of death [31]. Kim et al. (2015) evaluated the predictive role of RDW regarding the short
and medium-term mortality in elderly patients with
severe sepsis and septic shock and concluded that every
one percent (1%) increase in RDW is equivalent to a

108 • The Journal of Critical Care Medicine 2017;3(3)

15% increase in the mortality rate in the first 30 days
[32]. RDW was also considered a good predictor of the
length of hospitalisation for septic patients admitted to
intensive care units [33].
This biomarker proved its usefulness as an outcome
measure because an ascending trend of RDW in the
first 72 hours of admission is associated with an unfavourable prognosis, even though the initial values
were normal [34]. Chen et al. (2015) analysed almost
7000 adult patients with sepsis, with a mortality rate
of 6.8%. In this study, patients who died had higher
initial values of RDW than the survivors (15.7% versus 13.8%). There were also established threshold values; for RDW over than 15.6%, the risk of death was
16.7%, for RDW between 14 – 15.6% it was 7.3%, and
for RDW under 13.1% the mortality rate was 1.6%.
Thus, RDW was considered to be a superior mortality predictive factor to SIRS criteria, the MEDS (Mortality in Emergency Department Sepsis) or CURB65
scores [35]. Similar results were published by Lorente
et al. (2014) showing that RDW is a low-cost procedure which should be routinely performed to identify
the risk of death in sepsis. In this study, the prognostic
value of RDW was compared with other biomarkers
such as serum malondialdehyde and αTNF, with comparable results [36].

Discussion

Sepsis pathogenesis is complex, with heterogeneous
pathophysiological and immunological variations related to the aetiology, primary septic focus, organ dysfunctions and pre-existent pathologies. Another problem is the differential diagnosis between an infectious
and a non-infectious cause of SIRS because a delay in
initiating antimicrobial therapy in a septic patient can
significantly increase the risk of death.
The microbiological examination remains the gold
standard for the diagnosis of sepsis, and it is preferable
because it identifies the incriminating bacterial pathogens and allows the administration of an appropriate
antimicrobial regimen, according to an antibiogram.
However, both the prognostic and monitoring role of
microbiological tests are limited. On the other hand,
it can be influenced by several factors such as the ability of the bacteria to grow in cultures, the site of the
infectious focus, the antibiotics received before the
tests or the equipment of each laboratory. Concerning
the prognosis, sepsis is a life-threatening syndrome,
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responsible for multiple complications, several organ
failures and high mortality rate.
Within this context, additional studies to identify
parameters useful for the diagnosis and prognosis of
septic patients are required. Current published data are
controversial because they include multiple biomarkers
with different sensitivity, specificity, positive or negative predictive values and have been studied using heterogeneous patient groups. Further research of these
biomarkers may provide valuable data and suggest
which markers can be used to establish a rapid positive
and differential diagnosis between infectious and noninfectious SIRS, how these markers can be correlated
with the severity of sepsis or how its dynamics can predict the septic patient outcome.
At present biomarkers like CRP, IL-6 and PCT are
frequently used in diagnosing and monitoring patients
with sepsis. CRP is involved in innate immune system regulation and represents a highly sensitive acute
phase reactant, but with limited specificity for infectious systemic inflammatory response syndrome. This
biomarker is usually associated with chronic inflammatory processes such as autoimmune or rheumatological disorders, haematological diseases or tumours.
Recent studies which evaluated different inflammatory biomarkers showed that CRP is inferior to PCT
and NLCR, regarding sensitivity (80% versus 91.2%
and 88% respectively), specificity (65% versus 82% and
75% respectively), positive (82% versus 90%and 87.5%
respectively) and negative (66.5% versus 80% and 75%
respectively) predictive values [16].
IL-6, a cytokine released from the inflammatory
process along with IL-1β or TNFα, represents another
useful parameter to guide the clinician for the diagnosis and prognosis of sepsis. Jekarl et al. (2013) found
that IL-6 is a better test than CRP and PCT in estimating bacterial sepsis severity. In this study, 86% of
survivors registered a rapid decrease of IL-6 values in
contrast with the others [37]. Klag et al. (2016) held the
same opinion concerning the use of IL-6 in assessing
the severity of the condition. In the first 24-48 hours,
levels of IL-6 declined steeply in patients who survived
contrary to non-survivors and had a higher sensitivity
than other inflammatory markers [38].
Arguably, PCT is the most specific test for bacterial
sepsis though it is only moderate with respect to sensitivity. Recent studies consider that PCT has higher
specificity for sepsis than presepsin or other new sophisticated parameters [39]. Several authors concluded
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that in comparison to the other haemogram indicators
reviewed in this article, PCT has superior sensitivity,
specificity and predictive values, but with minor differences. For example, Zhang et al. (2016) indicated that
PCT and NLCR have similar predictive values for sepsis [40].
Whereas some authors are interested in the discovery of new cytokines which can be used as inflammatory biomarkers, numerous recent studies have focused
on the seeing afresh older inexpensive tests.
This literature review emphasises the importance
of three haemogram parameters (NLCR, MPV, RDW)
which can help the clinician to arrive at a prompt diagnosis and to monitor septic patients’ outcome.
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