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ABSTRACT

Introduction: Hospital-acquired pneumonia and ventilator-associated pneumonia are the major causes of death in hospitalized
patients, particularly in the intensive care unit, and early diagnosis may contribute to the survival of the patients. Our aim in this
study was to contribute to the rapid treatment of ventilator-associated pneumonia by providing an early diagnosis of pneumonia with
alfa-defensin, and calprotectin as inflammation biomarkers.

Materials and Methods: The study was designed as a single-center, prospective observational study involving mechanically ventilated
patients who were admitted to the Internal Medicine Intensive Care Unit at Cukurova University Hospital between May 2018 and July
2019 and were above 18 years of age. Patients’ demographics and clinical parameters were noted. Serum alpha-defensin levels were mea-
sured with the Human Alpha-defensin ELISA kit (Bioassay Technology Laboratory, Jiaxing, China). Serum calprotectin levels were measured
with the Human Calprotectin ELISA kit (Bioassay Technology Laboratory, Jiaxing, China). Deep tracheal aspirates (DTA) and blood speci-
mens were collected on the day of ventilation, as well as on the first, third, and seventh days, prospectively. The patients were monitored
for the development of ventilator-associated pneumonia (VAP). Infections other than ventilator-associated pneumonia were also noted.

Results: During the study period, 822 patients were admitted to the intensive care unit, accumulating 5101 patient days and 1966
ventilator days. Of the included 88 patients who were intubated and mechanically ventilated, 59.1% were male and the mean age was
59.9 £+ 18.4. Mean alpha defensin levels were higher in patients with pneumonia than those without (1679.21 + 3398.17 vs 552.32
+ 243.67 respectively, p= 0.012). As for the ROC curve analysis, the area under the curve for alpha-defensin in pneumonia patients
was 0.583 (p= 0.239). Mean calprotectin levels were higher in patients with pneumonia than those without (230.40 + 150.6819 ng/
mL vs 163.80 £ 73.5819 ng/mL, p= 0.001). As for the ROC curve analysis, the area under the curve for calprotectin in pneumonia
patients was 0.621 (p= 0.086).

Conclusion: Serum and bronchoalveolar fluid levels of alpha defensin and calprotectin exhibited higher values in patients with pneu-
monia compared to those without pneumonia. However, due to the absence of statistical significance, larger-scale studies are necessary
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to ascertain the clinical utility and benefits. In conclusion, it is recommended to plan a study with a larger number of patients, in which
serum and bronchoalveolar fluid alpha defensin levels are measured simultaneously and molecular methods are used for more accurate
diagnosis.
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Giris: Hastane kaynakli pnémoni ve ventilatér iliskili pnomoni, ézellikle yogun bakim (initesinde yatan hastalarda baslca 6lim
nedenlerindendir ve erken tani, hastalarin hayatta kalmasina katkida bulunabilir. Bu ¢calismadaki amacimiz alfa-defensin ve inflamasyon
biyobelirteci olan kalprotektin ile pnémoninin erken tanisini saglayarak ventilator iliskili pnémoninin hizli tedavisine katkida bulunmaktir.

Materyal ve Metod: Calisma tek merkezli, prospektif gozlemsel bir calisma olarak planlanmistir ve Mayis 2018 ile Temmuz 2019
tarihleri arasinda Cukurova Universitesi Tip Fakiiltesi Hastanesi Dahiliye Yogun Bakim Unitesinde yatan, 18 yasindan biiyiik ve mekanik
ventilatére bagl hastalar calismaya alinmistir. Hastalarin demografik 6zellikleri ve klinik parametreleri kaydedilmistir. Serum alfa-
defensin dizeyleri Human Alpha-defensin ELISA kiti ile 6l¢ciilmistiir. (Bioassay Teknoloji Laboratuvari, Jiaxing, Cin). Serum kalprotektin
diizeyleri Human Calprotectin ELISA kiti ile élctilmdistiir (Bioassay Teknoloji Laboratuvari, Jiaxing, Cin). Derin trakeal aspiratlar (DTA) ve
kan 6rnekleri, ventilasyon gtintinde ve prospektif olarak birinci, ti¢tincii ve yedinci giinlerde alinmistir. Hastalar ventilatér iliskili pnémoni
(VAP) gelisimi agisindan izlenmistir. Ventilatér iliskili pnémoni disindaki infeksiyonlar da kaydedilmistir.

Bulgular: Calisma déneminde 822 hasta, 5101 hasta gtinii ve 1966 ventilator giinii ile yogun bakim tinitesine yatirildi. Entiibe edilen
ve mekanik olarak ventile edilen 88 hastanin %59.1°i erkekti ve ortalama yas 59.9 + 18.4 idi. Ortalama alfa defensin diizeyleri,
pndémonisi olan hastalarda olmayanlara gore daha yiiksekti (sirasiyla 1679.21 + 3398.17 ve 552.32 + 243.67, p= 0.012). ROC
egrisi analizine gére, pnémoni hastalarinda alfa-defensin icin egri altinda kalan alan 0.583 olarak hesaplandi (p= 0.239). Ortalama
kalprotektin dtizeyleri, pnémoni hastalarinda pnémonisi olmayanlara gére daha yiiksekti (230.40 + 150.6819 ng/mL’ye karsi 163.80
+ 73.5819 ng/mlL, p= 0.001). ROC egrisi analizine gére, pndmoni hastalarinda kalprotektin icin egri altinda kalan alan 0.621 olarak
bulundu (p= 0.086).

Sonug: Alfa defensin ve kalprotektinin serum ve bronkoalveolar sividaki diizeyleri, pnomoni olanlarda olmayanlara gére daha yiiksek
saptanmustir fakat istatistiksel anlamlilik saptanmadigindan klinik kullanimda yararini tespit etmek icin daha genis ¢alismalara ihtiyag
vardir. Daha dogru tani koyma amaciyla serum ve bronkoalveolar sivida, alfa defensin ve kalprotektin dtizeylerinin es zamanli olarak
olciildiigii ve molekdiler yontemlerin kullanildigi daha fazla sayida hasta iceren bir ¢alismanin planlanmasi énerilmektedir.

Anahtar Kelimeler: Alfa defensin; Biyobelirtec; Kalprotektin; inflamasyon; Ventilatér iliskili pnémoni

INTRODUCTION 48 hours of ventilation, it is referred to as ven-
tilator-associated pneumonia (VAP). In contrast to
VAP, there are no new radiographic infiltrates
in ventilator-associated tracheobronchitis (VAT),
despite respiratory infection symptomsu].

The second most prevalent nosocomial infec-
tion and the leading cause of mortality in crit-
ically ill patients is nosocomial pneumonia (NP).
Nosocomial pneumonia (NP) occurs in patients

who have been hospitalized for more than 48 The frequency of NP ranges from 5 to 20
hours. When it arises in mechanically ventilated instances per 1000 hospital admissions, with
intensive care unit (ICU) patients after at least the elderly, immunocompromised, and surgical
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patients having the highest rates. According to
epidemiological data from the United States,
the prevalence of VAP ranges from 2 to 16
incidences per 1000 wventilator days. Cook et
al. assessed the likelihood of VAP to be 3%
per day for the first five days of mechanical
ventilation, 2% per day from Day five to
Day ten, and 1% per day beyond that. In a
study involving countries in the Middle East,
including Tiirkive, mortality was 21.5%, and
VAP significantly increased death by 1.5 times.
While hospital-reported data from the National
Healthcare Safety Network suggests a decline in
VAP rates, recently published findings from a
randomly selected national sample revealed that
around 10% of mechanically ventilated patients
received a VAP diagnosis, and this rate has
remained unchanged over the past decadell-2,

These infections negatively impact significant
patient outcomes. While all-cause mortality
associated with VAP has been reported to
range from 20% to 50%, a recent meta-analysis
estimated the attributable mortality as 13%.
Even HAP, generally considered to be less
severe than VAP, causes serious complications
in approximately 50% of patients, including
respiratory failure, pleural effusions, septic shock,
renal failure, and empyema. These issues are
particularly prominent among ICU patients, with
mortality rates approaching those of patients
with VAP. Furthermore, there appears to be
some debate regarding the impact of VAP on
the length of stay. Two recent studies estimated
that VAP prolongs the length of mechanical
ventilation by 7.6 to 11.5 days and prolongs
hospitalization by 11.5 to 13.1 days compared
to similar patients without VAP. The excess cost
associated with VAP was estimated to be high
at approximately $40.000 per patient!.

To avoid problems, it is critical to diagnose
these dangerous illnesses as soon as possible.
However, due to restricted diagnostic tools
and a broad differential diagnosis for patients
in the intensive care unit (ICU) who develop
rising oxygen requirements, leukocytosis, and
secretions, HAP and VAP can be difficult to
diagnose quickly[4]. Several biomarkers, including
CRP, procalcitonin, prohormones, presepsin,

and TREM-1 are used in the diagnosis, severity
determination, and prognosis for patients with
community-acquired pneumonia (CAP). Despite
recent extensive research, none of them
appear to be optimal, and the quest for novel
biomarkers that will most adequately predict the
severity and treatment response in pneumonia
continues.

Antimicrobial peptides and proteins are among
the earliest innate immune molecular effectors.
One of these compounds is alpha defensin,
specifically human neutrophil peptide (HNP)-
1. This peptide has been detected in varying
proportions within bronchoalveolar lavage (BAL)
fluid and is likely a consequence of neutrophil
degranulation in infected airways®. Another
one is calprotectin which is mainly expressed
in neutrophil granulocytes and stored in the
cytosol[6]. There is growing evidence that alpha
defensin and calprotectin levels are elevated
in patients with wvarious neutrophil-dominated
inflammatory diseases. Patients with sepsis or
meningitis, as well as noninfectious diseases such
as idiopathic pulmonary fibrosis, have elevated
defensin and calprotectin levels in their plasma.
Alpha defensin and calprotectin are also used
in the diagnosis of bacterial infections including
prosthetic joint infections, and gastrointestinal
infections!’ .

Early diagnosis and treatment of pneumonia
contribute  significantly to the reduction of
morbidity and mortality!%. Therefore, this study
aimed to contribute to the rapid and effective
treatment by providing an early diagnosis of
pneumonia with alfa-defensin or calprotectin in
ventilated patients.

MATERIALS and METHODS

The study was planned as a single-center,
prospective observational study. Ethical approval
was obtained from the University Ethical Board
for Noninterventional Studies (Approval Number:
75/18; 2 Mar 2018). The study encompassed
randomly selected mechanically ventilated patients
who were admitted to the Internal Medicine
Intensive Care Unit of Cukurova University
Hospital between May 2018 and July 2019 and
were aged 18 years or older.
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Deep tracheal aspirates (DTA) and blood
specimens were collected on the day of
ventilation and the first, third, and 7th days
prospectively. The patients were monitored for
the development of VAP. Infections other than
ventilator-associated pneumonia were also noted.
Patients were clinically diagnosed based on the
criteria outlined in the IDSA 2016 guidelines for
hospital-acquired pneumonia and VIP guidelines'!.
The same pulmonologist and Infectious Diseases
Specialist evaluated all the patients.

Patients’ demographics, vital signs, clinical
and chest radiography findings, underlying
conditions such as immunosuppression, diabetes
mellitus, etc., medications, complete blood count
values, procalcitonin, and CRP values were
noted. Clinical pulmonary infection score (CPIS),
acute physiology and chronic health evaluation
(APACHE), sequential organ failure assessment
(SOFA), and the simplified acute physiology score
II (SAPS 1I) scores were calculated.

Clinical samples were obtained from the
patient’s peripheral blood and indwelling catheters,
tracheal and bronchial aspirates, and urinary
catheters. They were cultured in appropriate
culture media (obtained from bioMiirieux, France)
at  Cukurova University Faculty of Medicine
Hospital Central Laboratory Microbiology Unit.
Gram and Giemsa-stained DTA samples were
also evaluated by the same microbiologist in
terms of leukocytes and microorganisms for all
specimens.

For the biochemical analysis, a 10 ml sample
of DTA was centrifuged at 10.000 cycles per
minute, then stored at 4° C for 30 minutes. The
resulting supernatant was subsequently preserved
at -80° C until measurement of alpha-defensin
and calprotectin concentrations. Alpha-defensin
and calprotectin levels were measured with the
Human Alpha-defensin ELISA kit and Human
Calprotectin ELISA kit. Both the Human Alpha-
defensin and Calprotectin ELISA kits utilize the
Enzyme-Linked Immunosorbent Assay (ELISA)
method. The Alpha-defensin ELISA kit’s plate
has been pre-coated with Human A-DF1
antibody, while the Calprotectin ELISA kit's plate

has been pre-coated with Human CAL antibody,
both from Bioassay Technology Laboratory in
Jiaxing, China.

For statistical analysis of the studied
samples, the highest value of alpha defensin
and calprotectin was used. Continuous variables
were analyzed by Student t test and Chi-
square Fisher’s exact test was used to compare
categorical variables. Pearson correlation was
used for comparing two continuous variables.
A p value of <0.05 was considered statistically
significant. The efficacy of alpha-defensin and
calprotectin  values was also demonstrated by
ROC curve analysis. SPSS v.20.0 was used for
statistical analysis.

RESULTS

In the study period, 822 patients were admit-
ted to the ICU, accumulating 5101 patient days
and 1966 ventilator days. Of the included 88
patients who were intubated and mechanically
ventilated, 59.1% were male and the mean age
was 59.9 + 18.4 years.

The most common underlying disease was
malignancy at 46.6% and was followed by acute
renal failure at 43.2%, coronary heart disease
at 21.6%, and diabetes mellitus at 12.5%. The
most common malignancies were lung cancer
and hematological cancers (34.1% and 31.7%
among cancers respectively).

At the time of intensive care unit admission
and during the seven-day study period, 12
patients were diagnosed with community-acquired
pneumonia, three patients with hospital-acquired
tracheobronchitis, 42 patients with hospital-
acquired pneumonia, six patients with ventilator-
associated tracheobronchitis and 12 patients with
ventilator-associated pneumonia. One patient had
both CAP and VAP and a total of 65 patients
(73.9%) were diagnosed with pneumonia. While
two patients were diagnosed with urinary tract
infections and seven patients with bloodstream
infections, sepsis of undetermined origin was
detected in one patient. The crude mortality
rate was 83%.
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Student t-test was used.

*: White blood count, Y: C-reactive protein, v, Procalcitonin, §: Standard deviation, Il Interquartile range.

promyelocytes to myelocytes and slightly beyond.
Immunoreactive HNP1-3 has been detected in
natural Kkiller cells, CD T cells, B cells, and
monocytes within freshly isolated peripheral blood
mononuclear cells (13). They account for 5-7%
of the total cellular protein in a human polymor-
phonuclear leukocyte (PMN) and 30-50% of the
protein in primary granules containing myeloper-
oxidase (MPO)!4. Given that 10° human PMNs
carry 4-5 g of HNPI1-3, an 80 kg person’s
bone marrow must generate at least 250 mg of
HNP1-3 per day to match the daily neutrophil
turnover, and it should be capable of doubling or
tripling this quantity during multiple infections!®!.
HNP1-3 concentrations are exceedingly low in
normal plasma. Even when their levels increase
during sepsis, the plasma concentration of HNP1-
3 is notably elevated in patients with sepsis or
meningitis. However, a considerable portion of
these molecules will be bound to proteins (16).
Because of their low extracellular level, they are
unlikely to Kkill extracellular bacteria unless the
bacteria enter an extracellular environment with
a high local alpha-defensin concentration and
either provide the ionic conditions required for
alpha-defensin-mediated Kkilling activity or provide
other factors for their function. The most likely
location for this would be at the cell’s surface,
characterized by an abundance of glycolipid and
glycocalyx defensin-docking sites. The mucosal
surface of the lungs is a suitable environment
for the activity of these peptides!!7l.

Recent research has shown that human airway
epithelial cells can produce antimicrobial peptides
and play a multifunctional role in primary
immunity. Several investigations have suggested
that these peptides involve in pneumonia
pathogenesis[18'21]. In a recent study, researchers
reported significantly elevated concentrations of
alpha-defensins 1-4 in the bronchoalveolar fluid
of preterm infants with pneumonia compared
to the non-pneumonia group of patients[ZZ]. We
investigated the role of HNP-1 in the diagnosis
of pneumonia in ventilated patients. In our study,
out of the 88 patients, 65 were diagnosed with
pneumonia, either acquired in the community
or the hospital. The mean alpha-defensin levels
were higher in patients with pneumonia than
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in those without (3398.17 ng/mL vs 1679.21
ng/mL), while WBC, CRP, and procalcitonin
levels were similar.

C-reactive protein (CRP) has been linked to
COVID-19 severity[23’24]. Certain authors have
attempted to establish correlations between
significant parameters and HNPs, revealing a
positive correlation with C-reactive protein (CRP).
However, in our study, no correlation was
observed between CRP and either calprotectin
or alpha defensin.

Calprotectin, a protein found in high
concentrations within the cytosol of neutrophil
granulocytes, makes up a significant portion (40-
50%) of the total protein content. This protein
is released when neutrophils are activated or
undergo turnover, and it serves as a crucial
indicator ~ of inflammation associated = with
neutrophil activity[25]. It serves as an essential
component of the innate immune response,
playing a role in antimicrobial defense and
regulation of inflammatory processes. Calprotectin
is known to exhibit antimicrobial properties
and chemoattractant activity, recruiting immune
cells to the site of infection®®. With the
activation of neutrophils, markers that indicate
their activation are released. These markers
are stored within granules or the cytoplasm
of the neutrophils and can be quickly released
when needed?’l. In a study, plasma calprotectin
values were found to be significantly higher in
patients with bacterial respiratory tract infections
(pneumonia, tonsillitis, or mycoplasma) than
in patients with viral respiratory infections, or
healthy controls?8:29 In our study, although a
method specifically designed to determine the
exact etiology of infection was not utilized, it
was found that patients with pneumonia had
higher levels of calprotectin compared to those
without pneumonia. CRP and calprotectin are
both biomarkers reflective of the acute phase
response. Multiple studies have provided evidence
supporting the observation of increased CRP
levels during inflammatory processes. Pneumonia
and malignancy are one of these inflammatory
processes that promote CRP elevation. In our

study, we did not observe significant differences
in CRP levels among patients grouped into
pneumonia. We hypothesize that the high
proportion of patients with malignancy in our
study might have influenced these results, as
malignancy itself can lead to elevated CRP
levels due to leukocyte infiltration in neoplastic
tissues!30).

Limitations of our study included the inability
to detect alpha-defensin levels in bronchoalveolar
lavage fluid (BALF) and the fact that it was
conducted at a single site. Furthermore, standard
culturing methods were wused for diagnosis
and molecular methods could have potentially
enhanced the accuracy of diagnosis. In our study,
elevated levels of alpha defensin and calprotectin
were observed in ventilated pneumonia patients.
However, based on the ROC curve results,
these markers cannot be utilized as standalone
diagnostic tools.

CONCLUSION

In conclusion, we recommend the design of
a study involving a larger patient cohort, where
serum and bronchoalveolar fluid alpha defensin
and calprotectin levels are concurrently measured.
The incorporation of molecular methods would
contribute to a more precise diagnosis.
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