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Abstract

Objective: This study aimed to measure neopterin levels in
serum and bronchoalveolar lavage fluid to determine the
diagnostic and prognostic value of neopterin in sepsis.

Materials and Methods: This descriptive, cross-sectional study
included intensive care patients over the age of 18 who
underwent invasive mechanical ventilation and blood and
bronchoalveolar lavage sampling at admission. Forty-five
patients were analyzed retrospectively as those with sepsis
(n=22) and without sepsis (n=23).

Results: Serum and bronchoalveolar lavage neopterin
concentrations were statistically significantly higher in patients
with sepsis. Neopterin level in serum and bronchoalveolar
lavage fluid had good predictive value for the diagnosis of
sepsis, with cut-off values of 22.04 nmol/L (Area under curve-
AUC 85.8%) and 2.61 nmol/L (AUC 76.1%), respectively. C-
reactive protein, on the other hand, had a predictive value of
86.1% for the diagnosis of sepsis, with a cut-off value of 73.25
mg/L. Serum neopterin and C-reactive protein were determined
as independent risk factors for sepsis. When these two
biomarkers were used together, they showed the best predictive
value (AUC 93.3%) for the diagnosis of sepsis. Bronchoalveolar
lavage neopterin correlated with clinical pulmonary infection
score. Serum neopterin level was significantly higher in sepsis
patients who developed septic shock than in those who did not.

Conclusion: Serum neopterin had comparable diagnostic value
in sepsis to the widely used biomarker, procalcitonin. Combined
use with C-reactive protein increases the diagnostic value,
specificity, and sensitivity of serum neopterin in sepsis. Serum
neopterin can also be used as a prognostic indicator and may be
predictive of the rapidly developing processes that lead to
shock. Despite the lower value of bronchoalveolar lavage
neopterin for the diagnosis of sepsis, its correlation with clinical
pulmonary infection score suggests that it may indicate disease
severity in ventilator-associated pneumonia.

Key Words: Neopterin, bronchoalveolar lavage, sepsis,
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Ozet

Amag: Calismamizda, sepsis patogenezinde dogrudan yer alan
monosit-makrofajlarin aktivasyonunu yansitan neopterin, serum
ve bronkoalveolar lavaj sivinda olciilerek sepsisteki tani ve
prognostik degerini tespit etmek amacglanmistir.

Gereg ve Yontem: Bu tanimlayici-kesitsel ¢alisma yogun bakim
unitesinde yatiglart sirasinda invaziv mekanik ventilasyon
uygulanan, serum ve bronkoalveolar lavaj stvist alinan 18
yasindan buyuk hastalarda gerceklestirilmistir. Caligmaya dahil
edilen 45 hastanin verileri, sepsis olanlar (n=22) ve olmayanlar
(n=23) olarak iki gruba ayrilarak geriye yOnelik olarak
incelenmistir.

Bulgular: Serum ve bronkoalveolar lavaj sivisinda neopterin
degeri, sepsis olan hastalarda istatistiksel anlamli olarak daha
yuksektir. Serum ve bronkoalveolar lavaj sivisinda neopterin
dizeyi, sirastyla 22,04 nmol/L (Egri alti alan-EAA %85,8) ve
2,61 nmol/L (EAA %76,1) kesme degerleriyle sepsis tanisi icin
iyi ongoriici degere sahipti. C reaktif protein ise 73,25 mg/L
kesme degeriyle sepsis tanist icin %86,1 6éngéri degerine sahipti.
Serum neopterin ve C reaktif protein sepsis icin bagimsiz risk
faktord  olarak  saptandi. Bu iki biyobelirte¢  birlikte
kullanildiginda sepsis tanist icin en iyi 6ngérici degeri (EAA
%93,3) gosterdi. Klinik pulmoner enfeksiyon skoru ile de
bronkoalveolar lavaj neopterin arasinda korelasyon vardir.
Sepsis olan hastalarda, septik sok gelisenlerde, gelismeyenlere
gbre serum neopterin acisindan istatistiksel anlamli fark
saptanmigtir.

Sonug: Sepsis tanisinda serum neopterin kullaniminin tant
degeri, yaygin olarak kullanilan prokalsitonin kadar etkilidir. C-
reaktif protein ile birlikte kullanimi, sepsis tan: degerini,
ozgulligint ve duyarliligini artirir. Buna ek olarak, prognostik
bir gosterge olarak kullanilabilir ve soka neden olan, hizla
gelisen stregleri 6ngéren bir parametre olabilir. Bronkoalveolar
lavaj neopterinin sepsis tanisindaki daha disik tani giicine
ragmen, klinik pulmoner enfeksiyon skoru ile korelasyonu,
ventilator iliskili pnémoni hastalik siddetini gésterebilecegini
disundirmektedir.
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biyobelirte¢
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Objective

Sepsis is a complicated disease process that arises
from the body’s response to infection and leads to
potentially fatal organ dysfunction (1). This
widespread public health problem is seen in 1 of
every 17 hospitalizations and 1 in 3 hospital
deaths (2). Sepsis is a clinical continuum, and the
mortality rate increases as it progresses to septic
shock. With a rising incidence and high mortality,
it is among the most common causes of death in
intensive care units (ICU) other than coronary
ICUs (3). The signs and symptoms of sepsis
syndrome can be confused with noninfectious
systemic inflammatory diseases. The gold standard
diagnostic  method is the isolation of
microorganisms from blood culture together with
the clinical picture of infection (1). However, even
with blood culture, microorganisms can only be
detected after 48 to 72 hours and at a frequency of
only 30% (4). There is no gold standard
biochemical marker for use in the diagnosis and
prognosis of sepsis. Early goal-directed therapy
within the first hour has been reported to reduce
mortality (1). Therefore, highly sensitive and
specific biomarkers that can provide early and
reliable results in the diagnosis of sepsis are
needed (1, 3-6). In this context, C-reactive protein
(CRP) and procalcitonin (PCT) are indicators that
can be measured anywhere on admission to
intensive care, providing prognostic information
for sepsis and simply assessing the inflammatory
response (7, 8). The current guidelines of the
Surviving Sepsis Campaign also state that
procalcitonin can be used to contribute to the
management of infection therapy (1). Neopterin
(NT) is a low-molecular-weight pyridine produced
through guanosine triphosphate metabolism when
monocytes and macrophages are stimulated by
interferon gamma (IFN-y) synthesized by T
lymphocytes and natural killer cells (9). NT is a
biomarker of the cellular immune response
mediated by lymphocytes and macrophages.
Because NT is a monocyte/macrophage-specific
mediator produced upon stimulation by microbial
products (lipopolysaccharide, endotoxin) from the
organisms involved in the pathogenesis of sepsis
as well as by cytokines released upon activation of
the mononuclear phagocytic system (tumor
necrosis factor alpha [TNF-«], interleukin-1 [IL-
1], and IFN-y), it provides information about the
systemic  inflammatory  response and  the
development of septic complications (10). NT was
also shown to be produced by activated
endothelial cells and biosynthesized together with
vasoactive compounds (e.g., prostacyclin PGI2,
nitric oxide) in response to endotoxins, TNF-a,

and IFN-y (11). The aim of this study was to
determine the diagnostic and prognostic value of
serum and bronchoalveolar lavage (BAL) fluid NT
levels in sepsis. The secondary objective was to
determine the value of using NT together with
other routinely used biomarkers in the diagnosis
of sepsis.

Materials and Methods

This descriptive, cross-sectional study included
patients 18 years or older who underwent invasive
mechanical ventilation and had BAL samples
collected via bronchoscopy during ICU follow-up
for respiratory failure. Samples collected over a 9-
month period were studied in March 2015.The
study received ethics committee approval and
written informed consent was obtained from all
participants  or their legal representatives
(University Clinical Research Ethics Committee
date: 25 February 2015 no:105). This article was
adapted from a dissertation entitled
“Determination of the Diagnostic and Prognostic
Value of Neopterin Measured in Bronchoalveolar
Lavage Fluid and Serum in Intensive Care
Patients.” The 45 patients included in the study
were grouped as those with and without sepsis,
and the sepsis patients were further subgrouped as
those who progressed to septic shock and those
who did not. The results of urine, wound site,
BAL, intracatheter, and peripheral blood cultures
collected at the clinician’s discretion upon ICU
admission to determine the infectious focus were
recorded from the laboratory archives. As
biomarkers, N'T, PCT, CRP, albumin, creatinine,
international normalized ratio (INR), alanine
aminotransferase (ALT), white blood cell (WBC),
and platelet (PLT) levels were obtained from the
patients’ files to be used as values in the diagnosis
of sepsis. After performing direct microscopic
examination and microbiological culture, blood
and BAL samples were stored at -80°C for later
NT  analysis.  Blood  samples  obtained
simultaneously with BAL fluid were collected into
a tube with no anticoagulants and within 30
minutes were centrifuged at 3000 rpm for 10
minutes. The separated serum and BAL samples
were stored at -80°C until analysis. Each sample
was thawed on the day of analysis. Quantitative
analysis of NT in human serum, plasma, urine,
and cell culture supernatant was performed using
a high-affinity N'T-specific monoclonal antibody-
based  competitive  ELISA  (enzyme-linked
immunosorbent assay) kit (Immunoguide, Ankara,
Turkey). The lowest detectable NT concentration
of the kit used was 1 nmol/L, intraassay variability
(intraassay CV) <8.2-54% nmol/L, and

was
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interassay variability (interassay CV) was <8.2—
55% nmol/L.

Definitions: Sepsis is a life-threatening organ
dysfunction caused by an abnormal host response
to  infection.  Sepsis  was  defined  as
microbiologically documented or clinical diagnosis

of infection with at least 2 of the following
criteria: (a) body temperature over 38°C or under
36°C, (b) heart rate above 90/min, (c) respiratory
rate above 20/min or arterial CO; pressure below
32 mmHg, and (d) leukocyte count  higher
than12000/mm?® or lower than 4000/mm?

Table 1: Distribution of the patients’ demographic characteristics, undetlying diseases, risk factors,
clinical scores, and initial biomarker levels according to the presence of sepsis

Sepsis (n=22) Non-sepsis (n=23) p*

Age (years)** 75 (32 - 88) 73 (36 — 906) 0.439
Sex Male 16 (53.3%) 14 (46.7%) 0.399

Female 6 (40.0%) 9 (60.0%)
APACHE-II** 23 (18 - 38) 21 (8 - 32) 0.007
CCI** 7 (3 -10) 6(4-28) 0.224
ICU LOS (days)** 28.50 (6 — 57) 13 (3 - 104) 0.001
IMV duration (days)** 21 (6 —51) 8 (3-104) 0.001
Pre-ICU hospital LOS (days)** 7(2-37) 3(1-38) 0.201
Underlying diseases
Chronic obstructive pulmonary 8 (34.8%) 15 (65.2%) 0.053
disease
Solid organ tumor 10 (58.8%) 7 (41.2%) 0.624
Diabetes mellitus 7 (43.8%) 9 (56.2%) 0.758
Coronary artery disease 4 (44.4%) 5 (565.6%) 0.530
Chronic kidney disease 5 (83.3%) 1 (16.7%) 0.084
Connective tissue disease 3 (100%) - 0.109
Asthma - 2 (100%) 0.256
Bronchiectasis 1 (100%) - 0.489
Biomarkers**
BAL NT (nmol/L) 5.10 (0.24 - 101.73) 0.93 (0.11 — 12.75) 0.003
Serum NT (nmol/L) 39.52 (2.94 — 385.07) 5.90 (0.12 - 60.09) 0.001
CRP (mg/L) 153 (15 - 402) 55 (2 - 158) 0.001
PCT (ng/ml) 1.75 (0.24 — 75.0) 0.25 (0.10 — 2.406) 0.001
Albumin (mg/dL) 2.40 (1.60 — 3.20) 2.9 (2.00 — 4.00) 0.003
PLT (10°/L) 163 (22.8 — 544) 245 (71.4 — 605) 0.044
WBC (10°/L) 12.6 (1.0 — 38.8) 13.5 (1.3 — 39.0) 0.964
INR 1.30 (0.88 — 2.00) 1.00 (0.90 — 1.60) 0.014
Creatinine (g/dL) 1.4 (0.5-7.0) 0.7 (0.1 -2.5) 0,002
ALT (U/L) 24 (33 - 1032) 24 (6 —706) 0.601
Sepsis complications
Septic shock 12 (54.5%) -
ARDS 12 (54.5%) 8 (34.8%) 0.151
Mortality 18 (81.8%) 9 (39.1%) 0.004

*Mann—Whitney U or chi-square test. **Median (minimum — maximum)

APACHE II: Acute Physiology and Chronic Health Evaluation 11, ICU: Intensive care unit, LOS: Length of stay,
IMV: Invasive mechanical ventilation, CCI: Charlston comorbidity index, BAL: Bronchoalveolar lavage, ARDS:
Acute respiratory distress syndrome, N'T: Neopterin, CRP: C-Reactive protein, PCT: Procalcitonin, PLT: Platelets,
WBC: White blood cells, INR: International normalized ratio, ALT: Alanine aminotransferase
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ROC Curve
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Figure 1. ROC curves of serum NT, BAL NT, CRP, PCT, and the combination of
serum NT and CRP for the diagnosis of sepsis

Table 2: The diagnostic value, sensitivity, specificity, PPV, and NPV of biomarkers on day 2 according
to the cut-off values determined for the diagnosis of sepsis.

Variable AUC Cut-  Sensitivity  Specificity PPV (%) NPV (%) p*
(95% CI) off (%) (%)

BAL NT 76.1 2.61 63.6 783 745 68.2 0.001

(nmol/L) (62.2 — 90.0)

Serum NT 85.8 22.04 72.7 87.0 84.8 76.1 0.001

(nmol/L) (75.1 — 96.4)

CRP (mg/L) 86.1 73.25 86.4 78.3 79.9 85.2 0.001
(75.3 — 96.8)

PCT (ng/ml) 88.2 0.68 77.3 88.7 87.2 79.6 0.001
(78.7 — 97.7)

Albumin 75.6 3.05 47.8 95.5 91.4 64.6 0.003

(mg/dL) (61.5 — 89.7)

PLT (10¢/mm?) 67.5 142 54.5 91.3 86.2 66.7 0.044
(51.7 — 83.3)

INR 71.1 1.29 54.5 91.3 86.2 66.7 0.015
(55.5 — 86.8)

Creatinine 76.5 1.08 81.8 69.4 72.8 79.2 0.002

(g/dL) (62.4 — 90.6)

*ROC analysis; Youden index was used to determine cut-off point.

AUC: Area under the curve, Cl: Confidence interval, PPV: Positive predictive value, NPV: Negative predictive
value, NT: Neopterin, CRP: C-reactive protein, PCT: Procalcitonin, PLT: Platelets, INR: International normalized
ratio
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Table 3: Correlations between clinical scoring systems and biomarkers

APACHE II

CCI

CPIS

BAL NT (nmol/L)
Serum NT (amol/L)
CRP (mg/L)

PCT (ng/ml)
Albumin (mg/dL)
PLT (106/mm>)
INR

Creatinine (g/dL)

r=0.485; p=0.022
r=0.706; p=0.001
r=0.208; p=0.353
r=0.208; p=0.352
r=-0.015; p=0.947
r=-0.100; p=0.658
r=-0.320; p=0.147
r=0.701; p=0.001

r=0.114; p=0.614
r=0.443; p=0.039
r=-0.161; p=0.475
r=-0.146; p=0.518
£=0.399; p=0.066
£=0.228; p=0.306
£=-0.055; p=0.807

r=0.511; p=0.015
£=0.379; p=0.082
r=0.171; p=0.446
£=0.036; p=0.873
£=-0.242; p=0.278
£=0.168; p=0.456
£=-0.606; p=0.088

r=0.359; p=0.101 r=0.275; p=0.215

*Spearman or Pearson correlation test APACHE II: Acute Physiological and Chronic Health Assessment 11, CCI:
Charlson Comorbidity Index, CPIS: Clinical pulmonary infection score

or immature to total neutrophil ratio over 10%.
Septic shock is a subset of sepsis in which
circulatory and cellular metabolism disorders are
severe enough to increase the risk of mortality (1).
Ventilator-associated pneumonia (VAP) was
diagnosed in the presence of at least 2 of the
following criteria: (a) body temperature over 38°C
or under 36°C, (b) purulent tracheobronchial
secretion, (c) newly developed infiltration in chest
x-ray, and (d) clinical pulmonary infection score
(CPIS) above 6 (12). Acute Physiology and
Chronic Health Evaluation II (APACHE-II) score
and Charlson comorbidity index (CCI) were
calculated to determine disease severity and degree
of comorbidity.

Statistics: The data were analyzed using SPSS
version 21.0  statistical software  package.
Categorical data were presented as frequency
distribution and percentage, continuous variables
as mean I standard deviation and median
(minimum-maximum  values). Between-group
comparisons of categorical data were made using
chi-square test; the nonparametric Kruskal—-Wallis
and Mann—Whitney U tests used in
comparisons of continuous data because the
assumption of normality was not met. Receiver
operating characteristic (ROC) curve analysis was

were

used to determine the diagnostic value of
biomarkers for sepsis. Cut-off values were
determined and their sensitivity, specificity,

positive predictive value (PPV), and negative
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predictive value (NPV) were calculated. Youden
index (] = Sensitivity + Specificity — 1) was used
to identify cut-off values. A logistic regression
model was created using the biomarkers that
showed statistically significant differences between
patients with and without sepsis (Model:
Backward: LR. Entry: 0.05 and Removal: 0.10).
For the biomarkers found to be significant in this
model, ROC analysis was performed to determine
the diagnostic value of their combined use.
Relationships  between clinical scores and
biomarkers evaluated wusing Spearman
correlation analysis for nonparametric variables
and Pearson correlation analysis for parametric
variables. P wvalues <0.05 were considered
statistically significant.

were

Results

The mean age of the patients was 70.67£13.72
years and 30 (66%) were male. On evaluation of
the primary foci of infection causing sepsis, the
most common infectious focus was VAP (n=21,
95.4%). The most frequently isolated infectious
agent in BAL, urine, and peripheral and catheter
blood cultures was Acinetobacter baumannii
(31.8%). The  demographic  characteristics,
underlying diseases, risk factors, clinical scores,
and initial biomarker levels of patients with and
without sepsis are presented in Table 1.
APACHE-II score, ICU length of stay, and
duration of invasive mechanical ventilation were
statistically significantly higher in patients with
sepsis. Of the biomarkers evaluated at ICU
admission, the differences in serum NT, BAL NT,
CRP, PCT, albumin, PLT, INR, and creatinine
levels between patients with and without sepsis
were found to be significant. The cut-off points,
diagnostic value, sensitivity, specificity, PPV, and
NPV of the biomarkers found to differ
significantly between patients with and without
sepsis are presented in Table 2. At ICU admission,
the biomarkers with the highest diagnostic value
for sepsis were PCT, serum NT, and CRP. In a
logistic regression model based on the 8
biomarkers that were significantly elevated in
sepsis patients, serum NT and CRP were found to
be independent risk factors for sepsis. The risk of
sepsis increased by 1.067-fold with each unit
increase in serum NT (95% CI: 1.004 — 1.135;
p=0.037) and by 1.025-fold with each unit
increase in CRP (95% CI: 1.006 — 1.045; p=0.010).
The combined use of CRP and serum NT yielded
a higher diagnostic value than either of the
biomarkers when used alone. When serum NT and
CRP were used together, sensitivity was 81.8%,
specificity was 91.3%, and the area under the

curve was 93.3% (95% CI: 86.5 — 100; p<0.001).
ROC curves of serum and BAL NT, CRP, PCT,
and the combination of serum NT and CRP for
the diagnosis of sepsis are presented in Figure 1.
Among the patients with sepsis, there were
statistically ~ significant  positive  correlations
between APACHE-II score and serum NT and
creatinine values. In addition, a moderate positive
correlation was detected with BAL NT. There was
also a moderate positive correlation between CCI
and serum NT. CPIS showed a strong positive
correlation with BAL NT. Correlations between
the biomarkers and clinical scoring systems
predicting prognosis in patients with sepsis are
shown in Table 3. Among patients with sepsis, the
mean serum and BAL NT wvalues of those with
and without septic shock are presented in Figure
2. Serum NT concentration was significantly
higher in patients with septic shock compared to
patients without septic shock (113.08 * 104.65
nmol/L vs. 43.29 + 58.42 nmol/L; p=0.036). BAL
NT showed no significant difference with or
without septic shock (p=0.080).

Discussion

Sepsis is a severe, life-threatening syndrome
caused by the host immune response to a systemic
infection. Despite significant improvements in
diagnosis and  treatment, sepsis is  still
characterized by high mortality and morbidity.
Early diagnosis is a crucial for the effective
treatment of sepsis. As clinical symptoms are
nonspecific, biomarkers are noted as utility tools
in the diagnosis of sepsis. Patients who developed
sepsis after trauma and burns were shown to have
increased NT levels (13, 14). In a previous study
evaluating the diagnostic value of NT and PCT in
sepsis, NT was found to have lower diagnostic
power than PCT, although the difference was not
statistically significant (15). Our results also
indicated that NT was significantly elevated in
sepsis patients and had similar diagnostic value to
PCT. In addition, we observed that N'T had high
specificity, which may be attributable to it being a
direct indicator of inflammatory response activity.
In another study that aimed to determine the
diagnostic value of PCT and NT in the
differentiation of sepsis and infection from
systemic inflammation, both biomarkers were
found to be almost equally effective. That study
yielded lower diagnostic value (66.9%), specificity
(78.3%), and sensitivity (62.7%) for NT than the
values determined in our study (16). This may be
related to the smaller proportion of critical
patients in that study compared to ours. Findings
in the same study that critical patients with septic
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shock and bloodstream infection had significantly
higher peak NT values than patients with infection
further supports this view. These data suggest that
as a biomarker, NT has comparable value to PCT
in the diagnosis of sepsis, especially in critical
patients. In the literature, NT has been evaluated
as a reliable prognostic and diagnostic marker for

many infections such as periprosthetic joint
infection,  dengue  virus,  Crimean—Congo
hemorrhagic fever, severe acute respiratory

syndrome coronavirus-2 (SARS-CoV-2) (17-20).
However, sepsis is the most common cause of
elevated NT, and higher NT concentrations have
been associated with poorer prognosis (21). NT
was shown to have high diagnostic value for the
development of multiple organ dysfunction
syndrome in patients with sepsis (22). Fisgin et al.
evaluated NT as a marker of mortality in patients
with sepsis (23). In another study, elevated NT
was found to increase the risk of septic shock by
2.3-fold in a regression model created based on 57
patients with sepsis caused by gram-negative
bacteria. This demonstrated its predictive value in
determining the risk of progression to septic
shock syndrome (24). Our study also showed that
serum NT levels were significantly higher in the
group of sepsis patients who progressed to septic
shock compared to those who did not. APACHE
II score is used to evaluate disease severity and
mortality in patients admitted to the ICU (25). In
our study, there was a very strong correlation
between serum NT, and this commonly used
scoring system, which is commonly used in the
ICU to glean clues about patients’ prognosis.
These data indicate that NT, which has a central
role in the pathogenesis of sepsis and reflects the
activation of both monocytes/macrophages and
endothelial cells may be predictive of prognosis.
Alveolar macrophages, which play a critical role in
the pulmonary immune response to infection,
constitute more than 90% of the cells in BAL
fluid. NT measured in BAL fluid reflects the level
of alveolar macrophage activation (26). BAL NT
levels were used to evaluate alveolar macrophage
activation during lower respiratory tract infection
in HIV-infected patients and it was shown that
BAL NT levels were even more elevated in
patients who developed respiratory tract infections
(27). In a study where NT levels in BAL fluid were
assessed in order to characterize macrophage
activation status in patients with pneumonia,
COPD, or interstitial lung disease and in a control
group of patients with ischemic heart disease,
BAL NT levels were found to be below the test
threshold levels in the COPD, interstitial lung
disease, and control groups, but were significantly

elevated in patients with pneumonia. Moreover,
BAL NT was strongly correlated with IL-8, which
affects neutrophil uptake into the alveolar spaces
in pneumonia patients (28). It has been shown in
the literature that using biomarkers together
increases their diagnostic value in sepsis. Gibot et
al. demonstrated that with the combined use of
polymorphonuclear leukocyte CD64 index, PCT,
and sTREM-1 (soluble triggering receptor
expressed on myeloid cells-1), values above the
determined cut-off points yielded a larger area
under the curve for the diagnosis of sepsis than
each individual biomarker (29). Another study
petformed in the emergency department
investigated the diagnostic value of biomarkers in
sepsis and severe sepsis. A logistic regression
model of PCT, IL-6, D-dimer, WBC, PLT, CRP,
brain natriuretic peptide, and immature to total
neutrophil ratio indicated that PCT, 1L-6, and D-
dimer were independent risk factors and the
combined use of these three tests was superior in
terms of diagnostic value, sensitivity, and
specificity than each test when used alone (30).
Consistent with previous studies, CRP and serum
NT concentration were identified as independent
risk factors in our study, and their combined use
increased their diagnostic value in sepsis. This
suggests that the combined use of biomarkers in
the diagnosis of sepsis will be more beneficial in
daily practice. The diagnostic value of serum NT
in sepsis is as effective as the widely used
biomarker PCT. Combined with CRP
increases the diagnostic value, specificity, and
sensitivity of serum NT in sepsis. In addition, it
can be used as a prognostic indicator and may be
predictor of the rapidly emerging processes that
lead to shock. Although BAL NT had a lower
diagnostic value for sepsis, its correlation with
clinical pulmonary infection score suggests that it
may indicate disease severity in patients with VAP.
Conflict of Interests: The authors have no
conflict of interest.
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