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ABSTRACT

Sepsis is a life-threatening condition characterized by a systemic inflammatory response of
the body caused by a severe infection. The aim of this study was to examine the importance
of hematological parameters and c-reactive protein (CRP) in the diagnosis of sepsis,
assessment of disease severity, and prediction of final outcome of these patients. The
prospective study included 106 hospitalized patients with a clinical diagnosis of sepsis.
Haematological parameters and CRP correlated with sepsis stage, and using ROC (Receiver
operating characteristic) analysis were evaluated in the prediction of the final outcome of
these patients. Among haematological parameters, patients with sepsis had a significantly
higher proportion of total unsegmented neutrophil granulocytes, a lower percentage of
lymphocytes, as well as a lower total platelet count (p<0.05 for all measurements). An
excellent positive correlation was found between serum CRP concentration and disease stage
(r=0.77). The best predictive value for the presence of sepsis was shown by CRP at the cut-
off value of 165 mg/L (AUC 0.98), followed by the percentage of unsegmented neutrophil
granulocytes for the cut-off value of 15.5 (AUC 0.67), and the percentage of lymphocytes
less than 9.9 (AUC 0.66), platelets lower than 118x10%L (AUC 0.63). At the CRP cut-off
value of 294.7 mg/L (AUC 0.84; 95% CI 0.74-0.93), death could be predicted in 80.95% of
patients with sepsis, with the sensitivity of 43.75% and the specificity of 89.71% (p<0.0001).
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By monitoring changes in haematological parameters and CRP concentration in combination
with other clinical and laboratory indicators, disease severity and final outcome in patients
with sepsis can be predicted.
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INTRODUCTION

Sepsis is a life-threatening condition characterized by a systemic inflammatory response of
the organism caused by a severe infection (Levy et al., 2003). It is associated with clinical
and laboratory signs of disease such as fever, tachycardia, rapid breathing, changes in mental
status, changes in the number of leukocytes, platelets, and many others. However, these
parameters very often do not provide enough information for the differential diagnosis
between non-bacterial and bacterial infections, infectious and non-infectious inflammatory
conditions, as well as the severity of the disease itself. On the other hand, shortening the time
required for diagnosis has been shown to be the most important component in reducing the
risk of individual organ damage during sepsis and mortality associated with it (Jones et al.,
2010). After a microbial infection or microbial intoxication, the immune system triggers a
complex series of events that cause an immune response. The acute response of the organism
in sepsis begins with the activation of the first line cells of defense of the immune system
against pathogens-polymorphonuclear neutrophils, which make up 50-60% of all circulating
leukocytes. With any type of microbial trigger, the immune response is amplified over time
and develops into an "excessive™" immune response - systemic inflammatory response (SIRS),
characteristic of sepsis, due to increased production of proinflammatory cytokines that
include TNF (tumor necrosis factor), interleukin-1, interleukin-12, interferon gamma and
interleukin-6. Total number of leukocytes is routinely recommended as the first screening
marker for the presence of infection. Numerous studies have shown that increased number of
leukocytes and absolute number of neutrophilic granulocytes, as well as a left shift are
associated with sepsis (Wile et al., 2001). Also, numerous cytokines primarily TNF, IL-1p
and IL-6 mediate the initial response of the innate immune system to trauma or infection.
TNF, IL-1p activate endothelial cells by attracting circulating polymorphonuclear leukocytes-
neutrophils (PMN) to the site of inflammation. They also penetrate the circulation causing
fever and other systemic symptoms. IL-6 stimulates the liver to produce reactants of the acute
phase of inflammation including CRP, and also leads to bone marrow stimulation and
increased production of PMN. Depending on the degree of inflammation, this stimulation can
cause PMN precursors to leave the bone marrow and enter the circulation even before they
are fully mature. Increased release of total PMN, as well as an increase in the percentage of
immature forms of PMN are one of the criteria for SIRS. As a consequence of the activation
of circulating immune cells, the bone marrow in response to systemic infection releases
immature granulocytes into the peripheral blood, which increases the ratio of immature/total
granulocytes whose degree correlates well with the stage and severity of sepsis (Bender et al.,
2008).

14



Sehveta Mustafi¢, Selmira Brki¢, Alma Muji¢-Ibrali¢ Copyright © 2021, University of Tuzla

Research in Education and Rehabilitation 2021; 4(1): 13-26. DOI 10.51558/2744-1555.2021.4.1.13

Early diagnosis and adequate treatment of sepsis is a daily problem faced by doctors,
especially in emergency rooms and intensive care units. Although there are numerous
strategies for accessing and treating patients with sepsis, in order to improve survival rates,
rapid and adequate diagnosis has proved to be the most important.

The aim of this study was to examine the importance of haematological parameters and CRP
in the diagnosis of sepsis, assessment of disease severity and prediction of final outcome in
these patients.

MATERIAL AND METHODS
PARTICIPANTS

The prospective study included 106 patients hospitalized at the University Clinical Center
Tuzla, with a clinical diagnosis of sepsis, with positive 2 or more criteria for SIRS. Based on
the collected evidence of infection, 82 (77.36%) patients were classified in the clinical group
of patients with proven infection - patients with sepsis, while 24 (22.64%) patients were a
control group of patients without sepsis because no evidence of infection was found. Out of a
total of 82 patients with sepsis, 52 of them (63.41%) had a positive blood culture, and 30
(36.59%) had a negative blood culture result. According to the ACCP / SCCM (American
College of Chest Physicians / Society of Critical Care Medicine) (Anonymous, 1992) criteria
for disease severity, 24 (25.44%) patients had two or more positive signs of a systemic
inflammatory response without clear evidence of infection and they were in the zero (0) stage
of sepsis marked as SIRS. 43 (45.58%) patients met the criteria for the first (1) stage of sepsis
(SIRS + evidence of infection) marked as sepsis. In 31 (32.86%) patients with SIRS and
evidence of the presence of infection, organic damage was present and they were in the
second (I1) stage of sepsis-severe sepsis, while in 8 (8.06%) patients, with sepsis and organic
damage there was constant hypotension with perfusion disorder, and they were in a state of
septic shock-stage 111 (I1I). Patients with proven malignancy, haematological patients on
cytostatic therapy, as well as transplant patients were not included in the study.

DESIGN AND PROCEDURES

The clinical diagnosis of sepsis, according to ACCP / SCCM criteria (Anonymous, 1992) and
clinical guidelines for sepsis (Dellinger et al., 2013), was made based on 2 or more positive
indicators (signs) for SIRS. Patients diagnosed with suspected sepsis by the attending
physician had undergone venepuncture for blood sample for blood culture directly on two
different substrates for aerobic and anaerobic microorganisms and sent to the Department of
Microbiology of the Polyclinic for Laboratory Diagnostics of the University Clinical Center
Tuzla for analysis. At the same time, venous blood samples were taken from patients for
haematological and biochemical tests and sent to the Department of Biochemistry of the
Polyclinic for Laboratory Diagnostics of the University Clinical Center Tuzla.
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MEASURES

Haematological parameters: total leukocyte count, differential blood count and platelet count
were determined on an haematological automatic counter Cell-Dyn Rubby (Abbot
Diagnostic), after which microscopic specimens were made from the same blood sample,
stained by the Gimza method and on which the proportion of non-segmented neutrophils and
the percentages of all white blood cell parameters were determined microscopically under a
magnification of 100. The CRP concentration was measured on a Dimension RxL (Siemens)
biochemical analyzer. The obtained values were compared between patients with a clinical
diagnosis of sepsis - SIRS and patients with a confirmed diagnosis of sepsis, as well as
between patients with a positive blood culture and an isolated bacterial agent; and correlated
with the stage (severity) of sepsis and evaluated in the prediction of the final outcome of
these patients.

STATISTICAL ANALYSIS

Standard methods of descriptive statistics (range, median, arithmetic mean, standard
deviation) were used in statistical data processing. The distribution of the variables was
determined by the D’Agostino test, the Pearson omnibus test, and the Kolmogor-Smirnov
normality test. Mean values are shown as mean =+ standard deviation in the case of a normal
distribution, and in the case of a nonparametric distribution these values are shown as
medians. Parametric and nonparametric tests (Student's t-test, Mann-Whitney test, Fisher's
test and y2 test with double and single orientation) were used to test the statistical
significance of the difference between the samples; and the ANOVA test was used to
calculate the relative difference in the variance distribution between the variables.
Assessment of the diagnostic validity of the examined laboratory indicators in the diagnosis
of sepsis in patients with the present systemic inflammatory response of the organism was
made using the Receiver Operating Characteristic Curve (ROC curve) (Hanley and McNeil
method). For the obtained ROC curves, the value of the area under curve (AUC) was
calculated to determine the diagnostic accuracy of the examined clinical and laboratory
indicators. The validity of the examined parameters is marked with the largest area under the
curve, which implies the best sensitivity and specificity for a certain cut-off value. Univariate
and multivariate logistic regression analysis was used to determine the predictive value of the
examined variables for the presence or absence of sepsis, the presence / absence of positive
blood culture, and mortality rate in these patients. The difference between the samples was
considered significant when the result is p<0.05. All data were analyzed using the statistical
program GraphPad Prism, version 7 (San Diego, California, USA) and SPSS version 10 for
Windows

RESULTS

Out of the total number of patients, 47 (49.82%) were hospitalized at the Clinic for
Resuscitation and Anesthesia, 30 (31.8%) patients at the Clinic for Internal Medicine, 22
(23.32%) patients were hospitalized at the Clinic for Infectious Diseases, while 7 (7.42%)
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were placed in other hospital departments of the University Clinical Center Tuzla. The
frequency of patients with sepsis was equally distributed between individual clinics (p>0.05),
and no significant difference was found in the positivity of blood culture in individual
departments (p>0.05). Both sexes were equally represented, 52 (49%) male and 54 (51%)
female patients. Patients with sepsis were slightly older (57.84+1.65 years) compared to
patients without sepsis (49.54+4.2 years) (p<0.05). Organic damage was present in 47.56%
(39) versus 52.44% (43) of patients in whom no damage to any of the organ systems was
found. Fatal outcome occurred in 15% of all patients with SIRS, in 19.51% of patients with
sepsis, and in 28% of patients with positive blood culture. When it comes to the
haematological parameters, patients with sepsis had a significantly higher proportion of total
non-segmented neutrophils granulocytes, a lower percentage of lymphocytes, as well as a
lower total platelet count (p<0.05 for all measurements) compared to patients without sepsis.
Values of other monitored haematological parameters had an equal distribution between both
groups (p>0.05 for all measurements). Lower total lymphocyte counts and lower platelet
counts (p<0.05, p<0.01, respectively) were found in patients with positive blood culture
compared to patients with negative blood culture. The values of other monitored
haematological parameters had an equal distribution between patients with positive and
negative blood culture (p>0.05 for all measurements) (Table 1).

Table 1. Values of haematological parameters in sepsis

Parameter With sepsis Without Hem (+) Hem (-)
Sepsis
X+SD X+SD p X+SD X+SD p
9
Leukocytes (X10/L) 5 44134 13572121 01492 AT 16045129 03585
H 9
Neutrophils (X10°7L) 15574097 11012105 02637 15.30 % 14.02+ 0,2415
1.34 112
1 0,

Neutrophils (%) 8231109 79.61£128  0,1028 Szl'i;i 81,69+1,53  0,3341
t({%‘@t‘;cytes 133011  1,360,13 0,4467 1,11£0,09' 1714026  0,0172*
Lymphocytes (%) 10.02 £0.92 13,13+2,15 0,0079* 8,85+0,85  12,07+£2,02 0,0748
Monocytes (x10%L) 0.92+£0.05 0,95+0,09 0,3793 0.88+0.07 0.98+0.09 0,1830
Monocytes (%) 7.58£0.95 7,69+0,72 0,4744 832+1.46 6.28+0.58 0,1546
Eosinophils (x10°/L)  0.145 +0.02 0,18+0,05 0,2763 0.11+£0.03 0.20+0.06 0,0680
Eosinophils (%) 108021 1,19+0,32 03938  1.03+025 1.18£035  0,3660
Basophils (x109L)  0.084+0.01  0,07+0,02 03208  0.52+0.06 050+008 04443
Basophils (%) 052+0.05  0,46+0,06 02665  0.08+0.01 0.09+002  0,2766
gﬁ?ﬁfg‘es 3524008  3,66+0,13 01964  354:0.11 352011 04755
Hemoglobin value 105.7 + 107.0 +

L) 1062£245 11034338 0,2014 219 206 0,4006
Hematocrit value 0315+

L) 0316+0.01  0321£0,01 0,3746 ot 032+001 04812

9

Platelets (X107L) 33354 144 258642068  00436%  203.8+158 Zg‘gzgi 0,0064*
MPV (fL) 7.65+022  7,00+0,345 00711  7.63+025 7.69+£040 04470

* -difference statistically significant

When it comes to the haematological parameters of white blood cell obtained by making a
microscopic specimen and staining by the Gimza method, patients with sepsis had a
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significantly higher proportion of total non-segmented neutrophil granulocytes 22.13+1.51
versus 16.75£2.96 in patients without sepsis (p<0.05), while other white blood cell
parameters were equally distributed (p>0.05 for all measurements). Patients with sepsis also
had a significantly higher serum CRP concentration of 240.65 mg/L (102.7-500.7), compared
to patients without sepsis 104.55 mg/L (13.6-167.9) (p<0.0001).

Also patients with sepsis and positive blood culture had a significantly higher concentration
of CRP 269.2 mg/L (120.7-500.7) compared to patients with negative blood culture 213 mg/L
(102.7-328.9) (p<0.0061). The concentration of CRP increased in each higher clinical stage
compared to lower stages of the disease (p<0.001 for all measurements), with the exception
of the second and third stage, where there was no difference in the concentration of this
parameter in these two stages (p>0.05) (Figure 1). An excellent positive correlation was
found between serum CRP concentration and disease stage (Spearman correlation coefficient
0.77; 95% CI: 0.6725 to 0.8376; p<0.0001).
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O
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n=24 n=43 n=31 n=8

Figure 1. Values of CRP concentration in different stages of sepsis

Significantly higher CRP values were recorded in patients with a fatal outcome of 269.5
mg/L (168-500.7) compared to patients without a fatal outcome of 164.95 (13.6-433)
(p<0.0001). Using ROC analysis ,the limit values of the predictive score of the presence of
sepsis of those haematological parameters for which there was a difference between patients
with present and absent sepsis (total unsegmented neutrophil granulocytes-microscopy,
lymphocytes-differential blood count and platelets), as well as for CRP were determined.
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Table 2. Haematological parameters and c-reactive protein in prediction of sepsis

Presence of sepsis

- Lymphocytes Platelets CRP
NNG*(%) (DKS %)** (x10%/L) (mg/L)
Cut-off value 15.57 9.9 118.0 165.0
area under the curve 0.67+0.07 0.66+0.06 0.63+0.06 0.98+0.01
p value <0.01 <0.05 <0.05 <0.0001
95% ClI 0.53 do 0.82 0.55do 0.77 0.52do 0.7 0.96do 0.1
Sensitivity 58.33% 60.0% 24.39% 84.15%
Specificity 36.64% 66.67% 95.83% 95.83%
PP\V*** 84.38% 85.71% 95.24% 85.7%
NP\/*#** 35.0% 33.33% 27.06% 63.89%
Test accuracy 65.38% 61.54% 40.57% 86.79%

*NNG-unsegmented neutrophilic granulocytes-microscopy, ** DKS-differential blood count, ***PPV- positive predictive value,
****NPV- negative predictive value

ROC analysis was also used to determine the limit values of the predictive score of the
presence of positive blood culture of those hematological parameters, for which there was a
difference between patients with positive and negative blood culture (lymphocytes-absolute
number and platelets). A lymphocyte cut-off value (absolute number) below 0.81 x10%L with
the area under the AUC curve of 0.65 (95% C1:0.5180 to 0.7741; p<0.05) was obtained in
patients with positive blood culture, with the sensitivity of 31.37% (95% CI:19.11% to
45.89%) and the specificity of 79.31% (95% C1:60.28% to 92.01%). The positive predictive
value was 72.73% (95% CI: 49.78% to 89.20%), and the negative predictive value was
39.66% (95% CI: 27.05% to 53.36%). Using ROC analysis, a platelet limit value below 125.5
x10%/L with an area under the AUC curve of 0.68 (95% CI:0.5558 to 0.7948; p<0.01) was
obtained in patients with a positive blood culture, with the sensitivity of 30.77% (95%
Cl:18.72% to 45.10%) and the specificity of 90.0% (95% CI1:73.47% to 97.89%). The
positive predictive value was 84.21% (95% CI1:60.40% to 96.43%), and the negative
predictive value was 42.86% (95% C1:30.46% to 55.95%). Using ROC analysis, the cut-off
value of C-reactive protein above 239.7 mg/L with the area under the AUC curve of 0.76
(95% C1:0.6519 to 0.8602; p<0.0001) was obtained in patients with positive blood culture.
The sensitivity was 67.31% (95% CI1:52.90% to 79.67%) and the specificity was 76.67%
(95% CI:57.72% to 90.07%). The positive predictive value was 83.33% (95% CI:68.63% to
93.00), and the negative predictive value was 57.5% (95% CI1:40.89% to 72.95). At the CRP
cut-off of 294.7 mg/L (AUC 0.84; 95% CI 0.74 - 0.93), death could be predicted in 80.95%
of patients with sepsis, with the sensitivity of 43.75% and the specificity of 89.71% (PPV
50.0%; NPV 87.14%) (p<0.0001).

DISCUSSION

Despite advances in diagnosis in better disease recognition, patients with sepsis are a very
heterogeneous group of patients and the condition is very often difficult to recognize,
especially in the early stages of the disease. The definition of sepsis, which includes
SIRS+evidence or suspected infection, can be very broad and includes a large number of
patients who do not have to develop sepsis.
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On the other hand, the transition from SIRS and sepsis to severe sepsis develops over time in
different ways in different patients, so that even the development of severe sepsis may remain
unrecognized until it is too late. Timely diagnosis of sepsis and early initiation of adequate
therapy have been shown to lead to a better outcome in patients and a reduction in mortality
caused by sepsis (Levy et al., 2010).

The results of our study, as in most cases of other authors, did not show a significant
difference in the total number of leukocytes, however, patients with sepsis had a significantly
higher proportion of total unsegmented neutrophil granulocytes compared to patients without
sepsis (p<0.05), while this difference was not found in relation to a positive blood culture in
patients with sepsis. In the study by Veeresh et al. (2012) no statistically significant
difference was found in the total number of WBC and neutrophils between patients with
sepsis with positive and negative blood cultures; WBC median 10.1x10%L (8.0-17.2) versus
11.06x10%L (6.75-13.28); neutrophil count 8.7x10%L (5.7-13.5) versus 8.51x10%L (4.55-
10.85). Also, Longxiang et al. (2012) in the early diagnosis of sepsis versus SIRS found no
difference in the total number of WBCs (13.32x10°%/L versus 12.54x10%/L; p=0.373), nor did
Robriquet et al. (2013) between SIRS uninfected patients and patients with intrahospital
proven infection WBC 12.68x10%L (8.8-13.5) versus 10.5x10%L (7.1-13.5) (p> 0.05). In
contrast, Huang et al. (2013) had a significant difference in PON values (neutrophil
percentage) and did not find a significant difference in the total number of WBCs between
patients with positive and negative blood cultures. PON to Hem (+) 0.86 (0.80-0.917) vs.
Hem (-) 0.82 (0.733-0.829); and WBC Hem (+) 9.87x10%/L (5.9-15.72) versus Hem (-)
9.71x10%L (6.27-14.07). Similar to our study, Yan et al (2013) found no significant
difference in either total leukocyte count or percentage of immature neutrophils between
patients with negative and positive blood cultures: WBC Hem (+) 11.1+8.9x10°/L vs. Hem (-
) 10.6+7.9x10%L (p=0.789); the percentage of granulocytes 84.6+£28.2 versus 85.1+19.3
(p=0.792), and these parameters did not prove to be good predictors for a positive blood
culture outcome: WBC AUC 0.42 (p=0.130) percentage of granulocytes AUC 0.508
(p=0.871). In our study, using ROC analysis, the limit value of total non-segmented
neutrophilic granulocytes-microscopy above 15.57% (AUC 0.67) in the diagnosis of sepsis
was obtained, with a test accuracy of 65.38%, while they did not prove to be a significant
predictor of positive blood culture findings. During bacterial infection, there is also a
significant interaction between antigen presenting cells (ACPs) and lymphocytes, which are
key effector cells in the body's acquired immune response. After a primary microbial
infection, T cells do not have to receive an adequate stimulus from the ACP in terms of
responding adequately to secondary infections (Murphey et al., 2004). The potential
mechanism of loss of this T cell function during sepsis arises because the signal by the ACP
is disrupted by inducing anergy, apoptosis, and a decrease in lymphocyte count. Although
lymphocytopenia has been recognized as a marker of bacteremia, it has not been widely used
as a marker for infection. The mechanism by which lymphocytopenia occurs in sepsis and
septic shock involves the margination and redistribution of lymphocytes by the lymphatic
system and is characterized by accelerated apoptosis. In patients with septic shock,
lymphocyte apoptosis is greatly accelerated leading to constant lymphocytopenia associated
with a poorer prognosis of the final outcome in these patients (Le Tulzo, 2002).
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We found a significantly lower percentage and absolute lymphocyte count in patients with
sepsis compared to patients with noninfectious SIRS. With the lymphocyte proportion less
than 9.9% in the differential blood count, the diagnosis of sepsis could be accurately
predicted in 61.54% of SIRS cases (AUC 0.66), while a positive blood culture finding based
on an absolute lymphocyte count of less than 0.81x10%L (AUCO0.65) could be predicted in
72.73% of patients with sepsis. Initially, lymphocytopenia was described as a case report of
toxic shock syndrome (Galus and Stern, 1998). Later, Zohorec (2001), in a prospective
longitudinal study, demonstrated an association between disease severity and
lymphocytopenia in oncology patients with severe sepsis and septic shock treated in the
intensive care unit. Hawkins et al (2006) described the presence of T and B lymphocytopenia
in Gram (+) and Gram (-) bacteremia, while Wyllie et al. (2004, 2005) confirmed the
clinically useful application of lymphocytopenia in the prediction of bacteremia in two
separate studies. By analyzing the hemogram, Juan et al (2013) proved a significant increase
in the total number of leukocytes on account of neutrophils, with a statistically significant
decrease in the number of lymphocytes and eosinophils in patients with sepsis. Cornelis et al.
(2010) in their study compared the values of CRP, WBC, lymphocytes and neutrophil /
lymphocyte ratios in patients with proven bacteremia. In their study, patients with a positive
blood culture had lower lymphocyte values compared to patients with a negative blood
culture (0.8+0.5x10%/L versus 1.2+0.7x10%L; p <0.0001); lymphocyte count also proved to
be a good predictor of a positive blood culture outcome (AUC 0.73) for a cut-off value below
1.0x10°/L with the sensitivity of 73.9% and the specificity of 57.6% (PPV 63.6%, NPV
68.8%). Significantly better predictive value for lymphocytes compared to total leukocyte
count or neutrophil count, as it has been shown in our study results, was also found by Wyllie
et al (2004) in the prediction of bacteremia. In a study by Liu et al. (2014), the number of
lymphocytes in patients with sepsis correlated well with the severity of the disease, which
makes them a good indicator for monitoring the condition of patients and the success of the
applied therapy. In patients with non-infectious SIRS, sepsis and severe sepsis, they found a
relative tendency to decrease the number, as well as the percentage of lymphocytes in the
differential blood count: total lymphocyte count 1.53x10°%L (0.89-1.88), 0.90x10%L (0.65-
1.42), and 0.80x10°%L (0.50-1.12); percentage of lymphocytes (0.225+0.122; 0.138+0.097;
and 0.106+0.070). Also, the number of lymphocytes, as in our study, was significantly lower
in patients with a fatal outcome versus survivors: total lymphocyte count 0.90x10%L (0.50-
1.29) versus 1.05x10%L (0.70-1.54); percentage of lymphocytes 0.123+0.098 versus
0.143+0.097.

Other white blood cells, with the help of various laboratory techniques and possibilities, can
be used as special indicators of changes in the body during sepsis. Monocytes and
macrophages, except in response to the innate immune system, are also involved in infection
- induced anemia due to iron retention resulting in a sharp decrease in hemoglobin synthesis
and hemoglobin content in reticulocytes, which may serve as an early indicator of monocyte -
macrophage activation (Franck et al., 2004). However, in our study, no significant difference
was found in hemoglobin concentration and other red blood cell parameters between patients
with sepsis and without sepsis, nor between patients with positive and negative blood
cultures.
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This can be explained by the fact that patients were not previously specifically stratified and
that the study included a large number of patients after surgical treatment, as well as a certain
number of patients who receive dialysis, and in whom other possible causes of decreased
hemoglobin were not excluded. Disseminated intravascular coagulation (DIC) is very
common in patients with severe sepsis. Consumption of coagulation factors and platelets,
together with inhibition of the fibrinolytic system, results in microvascular fibrin deposition.
This compromises blood flow and participates in organ dysfunction characteristic of severe
sepsis. Thrombocytopenia often occurs during severe sepsis and septic shock as a
consequence of platelet consumption, splenic sequestration and microcirculation, peripheral
destruction, and due to decreased production during hemophagocytosis (Thiolliere et al.,
2013). The results of our study showed that patients with sepsis had a lower total platelet
count compared to patients without sepsis as well as patients with a positive blood culture
compared to patients with a negative blood culture. Decreased platelet counts can be used as
an indicator of prediction of sepsis in patients with SIRS (AUC 0.63+0.06) and they can be
used to predict a positive blood culture finding in patients with confirmed sepsis (AUC of
0.68+0.06).

Numerous experimental studies on animal models as well as human research have clearly
shown that a sufficient number of platelets is an important determinant of the host immune
response to infection. Platelets interact with bacteria through a large number of different
molecular and cellular mechanisms. In the initial stage of uncomplicated sepsis, there is a
decrease in platelet count as a result of increased concentrations of fibrinopeptide-A, aPAMP
and quinocidin PF4 in the serum of these patients which then cause platelet degranulation
(Michael, 2010). Recently, thrombocytopenia has been recognized as a significant,
independent factor associated with infection and its mortality rate. Even in the absence of
neutropenia, in elderly patients, thrombocytopenia was positively correlated with the
frequency and severity of the disease in the case of bacterial pneumonia (Feldman et al.,
1991). Similarly, Chang et al. (2000) demonstrated that thrombocytopenia is an independent
predictor of infection severity and fatal outcome in liver transplant patients.
Thrombocytopenia, in a study by Santoly et al. (2002), was shown to be an independent risk
factor for bacterial infections with the sensitivity of 92% and the specificity of 76% (PPV
829%, NPV 90%) at the cut-off value <50x10°%L, while Yoshida et al. (2005) demonstrated by
multivariate analysis that decreased platelet count is an independent predictor of severe
bacteremia. The better predictive value obtained in these studies compared to the results of
our study is due to the use of a much lower cut-off value for platelets in these studies
compared to ours (50 versus 118).

CRP is an acute phase protein member of the pentraxin protein family whose synthesis takes
place in the liver induced by cytokines that are released during inflammation regardless of
whether there is an infection or not. CRP plays an important role in the innate immune
response to infection. It activates the complement system in the classical way through direct
interaction with complement proteins. CRP can also activate phagocytic cells through
interaction with the surface receptors of these cells.
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It is also involved in the removal of apoptotic cells from the body, the process of
atherosclerosis, and it has been identified as a mediator of organic damage during myocardial
infarction (Abij and Meinders, 2002). In our study, significant differences were found in CRP
values in patients with sepsis compared to SIRS-positive patients but without confirmed
sepsis as well as between patients with positive and negative blood culture p <0.0001). CRP
was also shown to be a significant predictor in the diagnosis of sepsis (AUC 0.98) at the cut-
off value above 165.0 mg/L, while a positive blood culture outcome could be predicted in
70.73% of sepsis patients (cut-off value 239.7 AUC 0.76). Robriquet et al. (2013) also found
a statistically significant difference between SIRS of uninfected patients and patients with
intrahospitally proven infection in CRP values of 173 mg/L (126-188) versus 57 mg/L (31-
105), and similar results were obtained by Longxiang et al. (2012) in a clinical study
conducted to establish an early diagnosis of sepsis (CRP in sepsis 114 mg/L versus 83 mg/L
in patients with SIRS, p <0.001). A large number of studies, in addition to the statistically
significant difference of this parameter in distinguishing SIRS from sepsis, also confirmed
the significant predictive value of CRP in the early diagnosis of sepsis, as well as the
prediction of a positive blood culture outcome. In the study by Jaimes et al. (2013), based on
CRP values, SIRS 45.0 mg/L (10-99) could be distinguished from sepsis 131 mg/L (54-229),
and at a slightly lower CRP cut-off value of 78 mg/L (AUC 0.71) they had the sensitivity of
66.6% and the specificity of 66.1%. In a study by A-Jin Lia and Sang-Gyung Kim (2013) for
the CRP cut-off value of 69.95 mg/L, the sensitivity was 83.3% and the specificity was
52.5%. The better predictive value of CRP obtained in our study can be explained by the fact
of a higher cut-off value for CRP (165.0 mg/L) which resulted in higher sensitivity (84.15%)
and specificity (95.83%) of this parameter in the diagnosis of sepsis. Slightly weaker, as in
our study, but still a significant predictive value of CRP was found in the prediction of
positive blood culture findings in studies by Veeresh et al. (2012) who compared CRP values
between patients with sepsis with the positive blood culture of 212 mg/L (115 -263) and the
negative blood culture of 134 mg/L (68-238) where CRP at the cut-off value of 150 mg/L
had the sensitivity of 69.6%, and the specificity of 52.9% (AUC 0.64). Similar results were
obtained by Huang et al. (2013); CRP in Hem (+) 110 mg/L (60.4-146.0) versus Hem (-) 74.0
mg/L (34.0-120.0), where CRP at the same cut-off value of 150 mg/L had a sensitivity of
82%, and a specificity of 35 % (AUC 0.613) in the prediction of a positive blood culture
finding. The concentration of CRP was increasing at each higher clinical stage compared to
the lower stages of the disease, which allows assessing the severity of the disease based on
this parameter, and distinguishing milder stages of sepsis from severe sepsis and septic shock
associated with high mortality rates. Similar results were obtained by Canovic et al. (2006)
for CRP values as the “gold standard” in the diagnosis of sepsis, for SIRS it was 119+£89
mg/L, for sepsis 159+51 mg/L, for severe sepsis 254+181 mg/L and for septic shock 228+119
mg/L. Significantly higher CRP values of 269.5 mg/L (168-500.7) were also recorded in
patients with a fatal outcome compared to patients without a fatal outcome where CRP was
164.95 mg/L (13.6-433)(p <0.0001), and cut-off positive correlation of the height of the
serum concentration of CRP with the fatal outcome (r=0.46). In our study, at the obtained
CRP cut-off value of 294.7 mg/L and AUC 0.84, a fatal outcome could have been predicted
in 80.95% of patients with sepsis.
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Mortality in our study was 19.51% compared to mortality of SIRS-positive patients in ICU
of 35.7% in the study by Rocker et al. (2004), mortality of 34,3 % found by Mhamed et al.
(2004), and mortality of 22 % in the study by Vincent et al. (1998). These differences in our
results can be explained by the fact that our study included a number of patients who met the
inclusion criteria for the study but who due to better general condition were not placed in ICU
but in other hospital units, where mortality rate is generally lower.

CONCLUSION

Sepsis, severe sepsis, and septic shock are urgent medical conditions that require prompt
treatment and patient care. This is a severe clinical condition very often accompanied by
complications, in the form of failure of certain organs/organ systems, and often, especially
severe sepsis and septic shock, result in death. During sepsis, a numerous of clinical and
laboratory indicators change, which can be used for rapid identification of the disease and
application of timely and adequate treatment, which proved to be decisive for the final
outcome of these patients. By monitoring changes in hematological parameters and CRP
concentration in combination with other clinical and laboratory indicators, disease severity
and final outcome in patients with sepsis can be predicted.
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