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Abstract
Background: Sepsis is a clinical syndrome of life-threatening organ dysfunction due to a dysregulated host response to 

infection. Many biomarkers have been used clinically to assist in diagnosing sepsis. The aim of this study was to assess the blood 
levels of procalcitonin (PCT) and four inflammation markers, C-reactive protein (CRP), IL-6, IL-8, and TNF-α, with respect to 
sepsis diagnosis.

Methods and Results: This case series study enrolled 188 patients (67 females and 121 males) treated in the University 
Hospital Centre “Mother Teresa” in Tirana with three different diagnoses: sepsis (n=103), systemic inflammatory response 
syndrome (SIRS) (n=71), and local bacterial infection (LBI) (n=14). Levels of PCT and serum cytokines TNF-α, IL-6, and IL-8 
were measured by enzyme-linked immunosorbent assay (ELISA).

Patients with sepsis had higher values ​​of the studied biomarkers than those with SIRS and LBI (PCT: 10.0±18.7 ng/mL, 
0.3±0.2 ng/mL, 0.4±0.4 ng/mL, respectively; CRP: 149±100 mg/L, 42.3±45.3 mg/L, and 74.4±75.6 mg/L, respectively; IL-6: 
286.8±330.7 pg/mL, 21.0±27.5 pg/mL, and 34.6±75.1 mg/mL, respectively; IL-8: 310.2±292.5 pg/mL, 29.5±32.7 pg/mL, and 
111.7±252.3 mg/mL, respectively; TNF-α: 131.2±254.0 pg/mL, 33.6±118.9 pg/mL, and 164.6±355.1 mg/mL, respectively). 
Multiple comparison tests demonstrated a statistically significant difference between the sepsis and SIRS group in PCT, CRP, IL-
6, IL-8, and TNF-α (P<0.01 in all cases). 

ROC curves demonstrated high sensitivity and specificity for PCT (97% and 93% for 0.5 ng/mL and 60% and 100%, 
respectively, for 1.99 ng/mL), but the other biomarkers showed lower sensitivity and specificity values.

Conclusion: Markers of inflammation are very helpful in diagnosing sepsis. CRP, IL-6, and IL-8 are sensitive parameters 
but do not have high specificity. PCT is the parameter chosen for the diagnosis of sepsis, with higher sensitivity and specificity than 
all other parameters included in this study.(International Journal of Biomedicine. 2024;14(3):410-416.) 
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Introduction
Sepsis is a clinical syndrome of life-threatening 

organ dysfunction due to dysregulated host response to 
infection.(1) A wide range of biomarkers, measured by many 
different technologies, are used to rapidly diagnose systemic 
inflammatory response syndrome (SIRS) and sepsis.(2) SIRS is 
defined as the body’s excessive defensive response to a harmful 

stressor (e.g., infection, surgery, acute inflammation, ischemia 
or reperfusion, cancer, and other conditions) to localize and 
then eliminate the endogenous or exogenous source of the 
stressor agent.(3) SIRS occurs when the balance between pro-
inflammatory and anti-inflammatory cascades shifts toward 
the former. SIRS involves the release of acute phase reactants 
that mediate autonomic, endocrine, hematological, and 
immunological changes.(4) “Sepsis-3,” a new definition for 
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sepsis, excluded the establishment of SIRS criteria to define 
sepsis and made it more nonspecific as any life-threatening 
organ dysfunction caused by the dysregulated host response to 
infection.(4) The Sequential Organ Failure Assessment (SOFA) 
score is now used to help identify organ failure and sepsis. 
Because the SOFA score requires laboratory data investigation, 
the quick Sequential Organ Failure Assessment (qSOFA) may 
be useful when evaluating patients with suspected infection 
at the bedside, although qSOFA is not a substitute for SIRS.(5) 
Biomarkers can help assess the likelihood of readmission and 
long-term outcomes.(6,7)

The pathogenesis of sepsis involves heterogeneous 
features of inflammation, activation of coagulation, the vascular 
endothelium and the complement system, and alterations in 
the microbiome.(8,9) Unbalanced anti-inflammatory responses 
can lead to persistent immunosuppression, promoting 
susceptibility to secondary infections.(10)

Innate immunity is the first line of resistance against 
microbial pathogens. It is involved in activating adaptive immune 
responses and tissue repair. Any pathogen that can lead to the 
development of sepsis contains specific pathogen-associated 
molecular patterns (PAMPs).(11-13) PAMPs are conserved motifs 
expressed by microbes that, depending on the type of pathogen, 
can have different compositions. Well-studied PAMPs in sepsis 
include bacterial lipopolysaccharide (LPS, also known as 
endotoxin), flagellin, lipoteichoic acid, viral RNA, and DNA.
(11) The immune system detects PAMPs through the molecular 
strategies used by the cellular arm of innate immunity by pattern 
recognition receptors (PRRs), which are expressed by many 
different immune and parenchymal cells.(14) Known families of 
PRRs include Toll-like receptors (TLRs), C-type lectin receptors 
(CLRs), cytosolic RNA and DNA sensors, and others.(11,15) By 
interacting with PAMPs, PRRs activate inflammatory genes and 
trigger the innate immune system to fight the pathogen, activating 
signaling pathways that coordinate inflammation and initiate the 
secretion of proinflammatory cytokines (TNF-α, IL-1-β, IL-
6, and interferons) and other molecules. In sepsis, protective 
inflammatory and anti-inflammatory mechanisms become 
destructive, leading to tissue injury, endothelium damage, and the 
release of endogenous alarmins or damage-associated molecular 
patterns (DAMPs).(16) DAMPs are released by damaged host cells 
and can be proteins, such as heat shock proteins (HSPs) and high 
mobility group box (HMGB)-1, members of the S100 family, 
DNA or RNA, or non-protein metabolites, such as uric acid and 
ATP.(16,17) Some DAMPs are currently used as inflammatory 
biomarkers. DAMPs are involved in a vicious cycle of cell 
damage and sustained hyperinflammation. Inflammation in 
sepsis is mainly caused by leukocytes, cytokines, oxygen 
radicals, as well as the complement and coagulation systems. 
Disseminated intravascular coagulation is a severe manifestation 
of unbalanced coagulation. The uncontrolled activity of 
proinflammatory cytokines such as TNF-α and IL-1β plays an 
important role in tissue damage.(18)

Various classes of molecules, such as pentraxins, collectins, 
and ficolins, members of the humoral arm of the innate immune 
system, functionally act as antibody precursors (ante-antibodies), 
initiating complement activation, opsonizing microbes and 
damaged cells, agglutinating or neutralizing microbes, and 

regulating inflammation.(19,20) Some of these molecules are key 
components of the acute-phase response.  C-reactive protein 
(CRP), a most characteristic acute-phase protein in humans, is a 
prominent member of the pentraxins, a family of phylogenetically 
conserved pattern-recognition proteins,(21-24) and first given the 
name “pentraxin” for its pentagonal appearance of five subunits 
in electron micrographs.(25) 

 IL-6, TNF, and INF-γ, produced by macrophages, 
monocytes, and other cells, influence the production of acute-
phase proteins in hepatocytes, and IL-6 is a major inducer of 
acute-phase proteins.  IL-6 is the major cytokine that induces 
CRP expression in hepatocytes. IL-6 induces transcription of 
the CRP gene, and IL-1β synergistically enhances the effects of 
IL-6. CRP can activate the complement system and interact with 
other inflammatory molecules, promoting the inflammatory 
cascade.

Many cytokines are produced in the infection process. 
IL-8, as a neutrophil chemotaxis factor, is an important 
proinflammatory cytokine that stimulates systemic 
inflammation. Early IL-8 levels strongly correlate with the 
sepsis stage, SOFA scores, and 28-day mortality.(26,27) Compared 
with other biomarkers (such as IL-6), IL-8 is better associated 
with sepsis severity.(28)

Numerous biomarkers reflecting the complex 
pathophysiology of sepsis have been identified and evaluated 
for their prognostic value.(29) In this context, procalcitonin 
(PCT) is one of the most studied biomarkers. As a precursor 
of calcitonin, PCT is almost undetectable in healthy people, 
and its plasma levels are <0.1 ng/mL.(30) Its production is 
upregulated in response to bacterial infections and can rapidly 
decline during recovery.(31,32)

In sepsis caused by bacterial infections, PCT synthesis 
is induced in almost all tissues and is found in the blood. PCT 
synthesis is triggered by bacterial endotoxins and proinflammatory 
cytokines (IL-1β, IL-6, and TNF-α).(33) PCT may be useful 
in assessing the likelihood of severe bacterial infection,(34,35) 

demonstrating prognostic value.(36-40) A Finnish prospective study 
investigated the prognostic value of PCT in 242 adult patients with 
severe sepsis and septic shock. PCT concentrations were higher 
in more severe forms of severe sepsis. Moreover, a substantial 
decrease in PCT concentration was more important for survival 
prediction than absolute values.(37) A study by Schuetz et al.(41) 
showed a high prognostic power for the 72-hour PCT kinetics 
for predicting sepsis mortality. 

A more recently published international expert consensus 
recommended PCT cut-off levels for critically ill patients to 
estimate the probability of bacterial infections.(42) Considering 
the severity of the disease and the likelihood of bacterial 
infection, the expert group set a threshold of 0.25 μg/L for mild 
to moderate disease and 0.5 μg/L for severe disease.(42)

The aim of this study was to assess the blood levels of 
PCT and four inflammation markers, CRP, IL-6, IL-8, and 
TNF-α, with respect to sepsis diagnosis.

Methods 
This case series study enrolled 188 patients with bacterial 

infections (67[36.2%] females and 121[64.8%[males) treated 
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at the Intensive Care Unit (ICU) and Emergency Departments 
in the Hospital of Infectious Diseases and the Paediatric 
Hospital of “Mother Teresa’’ University Hospital Centre 
(Tirana, Albania). 

All patients were selected following a protocol 
approved by the Biochemical-Clinical Laboratory Service in 
collaboration with respective clinical departments and were 
divided into 3 groups:

Group 1 included patients with sepsis (n=103 [54.8%]), 
defined as a clinical syndrome of life-threatening organ 
dysfunction with positive culture for bacterial infections.(1)

Group 2 included patients with SIRS (n=71 [37.8%]), 
who had two or more of the following clinical symptoms:(43)

- Body temperature >38°C or <36°C
- Heart rate >90 bpm
- Respiratory rate >20 breaths per minute or PaCO2 

<32 mmHg
-WBC >12,000 cells/mm3, <4,000 cells/mm3, or >10% 

immature (band) forms.
Group 3 included 14 patients with local bacterial 

infection (LBI).
All the medical records were confirmed by clinical 

symptoms, laboratory investigations, ECG, ultrasound, and 
X-ray films. Levels of PCT and serum cytokines TNF-α, IL-
6, and IL-8 were measured by enzyme-linked immunosorbent 
assay (ELISA).

Statistical analysis was performed using the statistical 
software package SPSS version 21.0 (SPSS Inc, Armonk, NY: 
IBM Corp). For the descriptive analysis, results are presented 
as mean (M) ± standard deviation (SD). Multiple comparisons 
were performed with one-way ANOVA and a post-hoc Tukey 
HSD test. Receiver operating characteristic (ROC) curves 
were used to evaluate the performance of diagnostic tests. 
Spearman’s rank correlation coefficient (rs) was calculated to 
measure the strength and direction of the relationship between 
two variables. A probability value of P<0.05 was considered 
statistically significant.

Results
The mean values of the measured study parameters and 

a comparison between groups (ANOVA) with Tukey HSD are 
presented in Tables 1-3. The mean WBC level was the highest 
in patients with sepsis (19.0±7.5 cells/mm3) compared to 
patients with SIRS (16.7±6.6 cells/mm3) and LBI (18.7±6.1 
cells/mm3) without statistical significance (P=0.097)

Remarkably, the mean PCT level was considerably 
higher in patients with sepsis (10.0±18.7 ng/mL) compared 
to patients with SIRS (0.3±0.2 ng/mL) and LBI (0.4±0.4 ng/
mL) (P<0.001).

Similarly, the mean CRP level was considerably higher 
in patients with sepsis (149.0±100.0 mg/L) compared to 
patients with SIRS (42.3±45.3 mg/L) and LBI (74.4±75.6 
mg/L) (P<0.001). Furthermore, mean levels of IL-6 were 
substantially higher among patients with sepsis (286.8±330.7 
pg/mL) compared to patients with SIRS (21.0±27.5 pg/mL) 
and LBI (34.6±75.1 pg/mL) (P<0.001). Likewise, mean levels 
of IL-8 were higher among patients with sepsis (310.2±292.5 

pg/mL) compared to patients with LBI (111.7±252.3 pg/mL) 
and SIRS (29.5±32.7 pg/mL) (P<0.001). However, mean levels 
of TNF-α were higher among patients with LBI (164.6±355.1 
pg/mL) than in patients with sepsis (131.2±254.0 pg/mL) and 
SIRS (33.6±118.9 pg/mL) (P=0.010).     

Multiple comparisons performed with one-way ANOVA 
with a post-hoc Tukey HSD test showed significant pairwise 
differences between disease categories: a higher mean PCT 
level in patients with sepsis compared to patients with SIRS 
(P<0.001) and LBI (P=0.042); a higher CRP level in patients 
with sepsis compared to patients with SIRS  (P<0.001) and 
LBI (P=0.005 ); a higher IL6 level in patients with sepsis 
compared to patients with SIRS or LBI (P<0.01 for both); 
a higher TNF-α level in patients with sepsis compared to 
patients with SIRS (P=0.014); a higher IL-8 level in patients 
with sepsis compared to patients with SIRS or LBI (P<0.01 
for both) (Table 3).    

Studying the bivariate relationships between PCT 
and other parameters of inflammation in sepsis, through 
Spearman’s correlation, we observed a strong correlation 
between PCT and PCR, IL6, and IL8 (rs=0.69, rs=0.71, and 
rs=0.71, respectively). There was a moderate correlation 
between PCT and TNF-α  (rs=0.50). All correlations were 
highly statistically significant (P<0.001).

ROC curves demonstrated high sensitivity and 
specificity for PCT (97% and 93% for 0.5 ng/mL and 60% and 
100%, respectively, for 1.99 ng/mL), but the other biomarkers 
showed lower sensitivity and specificity values.

Variable  n Mean ± SD 95%CI Range 
WBC, cells/mm3

Sepsis 
SIRS
LBI 
Total 

103
70
14
187

19.0±7.5
16.7±6.6
18.7±6.1
18.1±7.1

17.6-20.5
15.1-18.3
15.2-22.2
17.1-19.2

2.9-49.0
9.7-53.00
10.9-30.7
2.9-53.0

PCT, ng/mL
Sepsis 
SIRS
LBI 
Total

103
71
14
188

10.0±18.7
0.3±0.2
0.4±0.4
5.6±14.7

6.4-13.7
0.2-0.3
0.1-0.6
3.5-7.7

0.2-100.0
0.1-1.0
0.1-1.8
0.1-100.0

CRP, mg/L
Sepsis 
SIRS
LBI 
Total

103
71
14
188

149.0±100.0
42.3±45.3
74.4±75.6
103.1±96.2

129.4-168.6
31.6-53.0
30.8-118.1
89.3-117.0

7.4-791
0.3-185.0
0.3-227.0
0.3-791.0

IL6, pg/mL
Sepsis 
SIRS
LBI 
Total

103
71
14
188

286.8±330.7
21.0±27.5
34.6±75.1
167.7±278.7

222.2-351.5
14.5-27.5
8.8-77.9
127.6-207.7

2.6-1000.0
2.0-128.0
2.7-290.0
2.0-1000.0

TNF-α, pg/mL 
Sepsis 
SIRS
LBI 
Total

103
71
14
188

131.2±254.0
33.6±118.9
164.6±355.1
96.8±227.5

81.5-180.8
5.4-61.7
40.4-369.7
64.1-129.5

4.0-1000.0
2.0-1000.0
4.0-1000.0
2.0-1000.0

IL8, pg/mL
Sepsis 
SIRS
LBI 
Total

102
71
14
187

310.2±292.5
29.5±32.7
111.7±252.3
188.8±263.7

252.8-367.7
21.8-37.2
34.0-257.3
150.7-226.8

12.4-985.0
5.6-182.3
9.4-941.0
5.6-985.0

Table 1.
Inflammation markers in the study groups.
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Variable Sum of
Squares DF Mean 

Square F P

WBC
Between Groups 238.2 2 119.1 2.37 0.097
Within Groups 9258.4 184 50.3
Total 9496.6 186

PCT
Between Groups 4412.9 2 2206.4 11.39 <0.001
Within Groups 35836.9 185 193.7
Total 40249.7 187

CRP
Between Groups 491000.1 2 245500.1 36.62 <0.001
Within Groups 1240185.5 185 6703.7
Total 1731185.6 187

IL-6
Between Groups 3237567.8 2 1618783.9 26.54 <0.001
Within Groups 11284373.6 185 60996.6
Total 14521941.4 187

TNF-α
Between Groups 469988.9 2 234994.5 4.72 0.010
Within Groups 9207552.2 185 49770.6
Total 9677541.1 187

IL-8
Between Groups 3388663.0 2 1694331.5 32.67 <0.001
Within Groups 9543055.6 184 51864.4
Total 12931718.6 186

Table 2. 
Comparison between groups: one-way ANOVA.

Variable (I) Category (J) Category
Mean 
Difference
(I-J)

SE P
95% Confidence Interval
Lower Bound Upper Bound

WBC

Sepsis SIRS 2.37 1.10 0.082 -0.23 4.96
LBI 0.35 2.02 0.984 -4.43 5.12

SIRS Sepsis -2.367 1.10 0.082 -4.96 0.23
LBI -2.02 2.08 0.595 -6.93 2.89

LBI Sepsis -0.35 2.02 0.984 -5.12 4.43
SIRS 2.02 2.08 0.595 -2.89 6.93

PCT

Sepsis SIRS 9.75 2.15 <0.001 4.68 14.82
LBI 9.65 3.96 0.042 0.28 19.01

SIRS Sepsis -9.75 2.15 <0.001 -14.82 -4.68
LBI -0.10 4.07 1.000 -9.72 9.51

LBI Sepsis -9.65 3.96 0.042 -19.01 -0.28
SIRS 0.10 4.07 1.000 -9.51 9.72

CRP

Sepsis SIRS 106.70 12.63 <0.001 76.86 136.54
LBI 74.56 23.32 0.005 19.46 129.66

SIRS Sepsis -106.70 12.63 <0.001 -136.54 -76.86
LBI -32.14 23.94 0.374 -88.71 24.43

LBI Sepsis -74.56 23.32 0.005 -129.66 -19.46
SIRS 32.14 23.94 0.374 -24.43 88.71

IL-6

Sepsis SIRS 265.81 38.10 <0.001 175.80 355.82
LBI 252.27 70.35 0.001 86.05 418.49

SIRS Sepsis -265.81 38.10 <0.001 -355.8239 -175.80
LBI -13.54 72.22 0.981 -184.19 157.10

LBI Sepsis -252.27 70.35 0.001 -418.49 -86.05
SIRS 13.54 72.22 0.981 -157.10 184.19

TNF-α

Sepsis SIRS 97.60 34.41 0.014 16.30 178.91
LBI -33.47 63.55 0.858 -183.61 116.68

SIRS Sepsis -97.60 34.41 0.014 -178.91 -16.30
LBI -131.07 65.24 0.113 -285.21 23.07

LBI Sepsis 33.47 63.55 0.858 -116.68 183.61
SIRS 131.07 65.24 0.113 -23.07 285.21

IL-8

Sepsis SIRS 280.71 35.20 <0.001 197.54 363.88
LBI 198.56 64.91 0.007 45.19 351.93

SIRS Sepsis -280.71 35.20 <0.001 -363.88 -197.54
LBI -82.15 66.60 0.435 -239.51 75.20

LBI Sepsis -198.56 64.91 0.007 -351.93 -45.19
SIRS 82.15 66.60 0.435 -75.20 239.51

 

Table 3. 
Multiple comparisons: post-hoc Tukey HSD test.
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Discussion
Many biomarkers have been used clinically to assist in 

diagnosing sepsis. CRP, an acute phase reactant, is a sensitive 
marker in sepsis. It can be elevated as early as two hours after 
the triggering event and reach peak values in 48 hours.(44) A 
study by Anush et al.(45) monitored CRP in 97 individuals 
with culture-proven sepsis. The percentage decrease in mean 
CRP from day 0 to day 2 was 23.33% in the living group, 
while it increased by 4.73% in the deceased group. Our 
study’s data show that CRP values were significantly higher 
in patients with sepsis (149.00±100.1 mg/L) than in patients 
with SIRS (42.28±45.31 mg/L) (P<0.001). The ROC curves 
showed that CRP has a high sensitivity in diagnosing sepsis, 
but the specificity was not very high. For values of 40 mg/l, 
sensitivity was 91%, and specificity was 62%, while for values 
of 50 mg/L and 103 mg/L – 85% and 75% and 69% and 75%, 
respectively. Studies by different authors have reached similar 
conclusions.(46-48)

Tumor necrosis factor alpha (TNF-α) is at the epicenter of 
the systemic inflammatory response, given its role in releasing 
other cytokines. TNF-α is involved in immunosuppression 
in sepsis by enhancing apoptosis,(49) and its plasma levels 
correlate with mortality from sepsis.(50-52) In our study, the 
level of TNF-α was significantly higher in patients with sepsis 
compared to the SIRS patients (P=0.014), but differences 
between the sepsis patients and LBI patients lost statistical 
significance (P=0.085). ROC curves showed that TNF-α was 
a sensitive but nonspecific test for diagnosing sepsis. 

However, data from various authors is ambiguous. A 
study by Zhai et al.(53) evaluated the diagnostic value of TNF-α 
for the detection of sepsis infection in patients with closed 
abdominal injury complicated with severe multiple abdominal 
injuries. When the AUC of TNF-α detection was 0.781, and the 
cutoff value was 14.00 pg/mL, the sensitivity and specificity 
were 80.00% and 68.57%, respectively, and the NPV and PPV 
were 77.4% and 71.8%, respectively. The authors concluded 
that high concentrations of TNF-α can be used to predict the 
risk of septic infection. 

Analyzing the data obtained on the level of IL-8 in 
patients participating in the study, it can be noted that IL8 
values were significantly higher in patients with sepsis 
compared to patients with SIRS (P<0.001) and with local 
infections (P<0.05). When analyzing the ROC curves for 
a value of 50 pg/mL, we found the highest sensitivity and 
specificity of 82 to 82%, also considered the most appropriate 
recommended cutoff value for diagnosing sepsis. In a study 
by Livaditi et al. (26) aimed to investigate which biomarker/s 
reliably assess severity and mortality early in the sepsis 
process, IL-8 level was associated with mortality within 28 
days (OR=1.26, P=0.024 by logistic regression analysis), and 
ROC curve analysis showed high sensitivity and specificity 
for predicting sepsis stages and the 28-day mortality.

IL-6 levels in sepsis and SIRS demonstrated a similar 
pattern of changes as IL-8. In particular, the level of IL-6 in 
patients with sepsis was significantly higher than in patients 
with SIRS (P<0.001) and with local infections (P=0.001). 
After analyzing the ROC curves, we found that the sensitivity 

and specificity were 95% and 65%, respectively, for the IL-6 
value of 15 pg/mL; 88% and 73%, respectively, for 20 pg/mL; 
73% and 90%, respectively, for 50 g/mL. Our results are in 
full agreement with the studies conducted by different authors 
in this field.(47,48,54)

PCT is almost undetectable in healthy people. In sepsis 
caused by bacterial infections, PCT synthesis is induced in 
almost all tissues and is found in the blood. In our study, the 
PCT value was very high (10.2±18.74 ng/mL) in patients with 
sepsis (range from 0.2 ng/mL to 100 ng/mL) compared to 
patients with SIRS (0.269±0.188 ng/mL) (P<0.001) and local 
infections (0.373±0.425 ng/mL) (P=0.042).  From the ROC 
curves, we observed a very high specificity and sensitivity 
of PCT compared to the other biomarkers. The area under 
the curve included 98% of the values. The sensitivity and 
specificity were 98% and 93%, respectively, for the PCT 
value of 0.4 ng/mL; 97% and 93%, respectively, for 0.53 ng/
ml; 98% and 78%, respectively, for the value of 0.99 ng/ml; 
60% and 100%, respectively, for 1.99 ng/mL. 

A meta-analysis involving 30 high-quality studies and 
3,244 patients, of whom 1,863 (57%) had sepsis, and 1,381 
(43%) had SIRS of non-infectious origin, showed that PCT 
may be an effective and accurate marker for differentiating 
sepsis from SIRS. (31)

Conclusion
Markers of inflammation are very helpful in diagnosing 

sepsis. CRP, IL-6, and IL-8 are sensitive parameters but do 
not have high specificity. PCT is the parameter chosen for the 
diagnosis of sepsis, with higher sensitivity and specificity than 
all other parameters included in this study.
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