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Abstract

Aim: Patients on mechanical ventilation have an increased risk of 
developing ventilator-associated pneumonia. Acinetobacter baumannii is one of 
the bacteria that cause problems in the intensive care units. Lipopolysaccharide 
is a potent toxin found in the cell walls of the gram-negative bacteria. Mean 
serum concentration of lipopolysaccharide binding protein is 5-20 mg/mL. 
Lipopolysaccharide binding protein levels of >200 mg/mL are noted in situations 
of acute phase response. We aimed to determine the diagnostic benefits of 
Lipopolysaccharide binding protein in older patients with A. baumannii-related 
ventilator-associated pneumonia in the intensive care units.

Materials and Method: In total, 100 patients were included in the study. 
Fifty patients with clinical and radiological findings, also with higher C-reactive 
protein levels and culture positivity for A. baumannii were included in the 
patient group and 50 patients with no clinical radiological findings and lower 
C-reactive protein levels, but culture positivity for A. baumannii were included 
in the colonisation (control) group, (mean age; 74 and 77 years, respectively). 
Procalcitonin and lipopolysaccharide binding protein levels were studied in each 
groups.

Result: The C-reactive protein, Procalcitonin and lipopolysaccharide 
binding protein levels were found significantly higher in the patient group than 
in the colonisation group.

Conclusion: Evaluation of clinical findings of the C-reactive protein, 
Procalcitonin and lipopolysaccharide binding protein levels in these patients 
may be helpful for differential diagnosis of colonisation and infection. We believe 
that lipopolysaccharide binding protein is a new marker that can contribute to 
VAP diagnosis in the geriatrics.
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Introduction
Mechanical ventilation is a medical equipment that aids 

in patients’ continuous or intermittent breathing. Patients on 
mechanical ventilation have an increased risk of developing 
Ventilator-Associated Pneumonia (VAP). VAP is defined as a 
pneumonia that occurs after 48-72 h of endotracheal intubation, 
with the following criteria: new or progressive infiltration, findings 
of systemic infection (fever and elevated white blood cell counts) and 
changes in sputum characteristics and detection of a causal agent [1]. 
In 2012, the incidence of VAP was reported as 0.0-4.4 for each 1000 
days of ventilation [2].

Acinetobacter baumannii is one of the bacteria that cause infectious 
complications in Intensive Care Units (ICUs). Acinetobacter 
baumannii is a gram-negative, aerobic, pleomorphic, non-motile, low 
pathogenic and opportunistic bacillus. It is commonly acquired from 
wet environments. Skin, respiratory and oropharyngeal colonisation 
is noted in individuals in ICUs [3,4]. Acinetobacters are important to 

be controlled as they cause progressive antimicrobial drug resistance 
and also make therapeutic management difficult [4].

Lipopolysaccharide (LPS) is a potent toxin found in the cell walls 
of gram-negative bacteria [5]. Even less than 1 pg/mL can cause 
macrophage activation. LBP is a triplet clone molecule that binds to 
Lipid A of LPS which is released from the surface of macrophages 
and monocytes. Thus, activation of phagocytosis, endocytosis and 
bacterial defences occurs [6].

LBP is a new marker for the determination of the severity of the 
infectious diseases and the response to the treatment. It is an acute 
phase reactant such as C-Reactive Protein (CRP) and Procalcitonin 
(PCT). Major amount of LBP is released from the liver and is also 
synthesised in the lungs [6,7]. Dramatic increase in the LBP levels is 
observed in inflammatory responses to infections such as sepsis [8].

LBP is a 65-kDa protein [9]. The mean serum concentration of 
LBP is 5-20 mg/mL. In case of an acute phase response, LBP levels of 
>200 mg/mL are observed [10].
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Procalcitonin (PCT) is a peptide precursor of calcitonin. It 
contains 116 amino acids and is released from the parafollicular cells, 
thyroid tissue, lungs and the neuroendocrine cells of the intestines 
and is synthesised in response to bacterial proinflammatory stimuli. 
There is a positive correlation between PCT levels and the severity of 
infections [11].

This study aimed to determine the diagnostic benefits of LBP, a 
novel marker, in older patients with A. baumannii-associated VAP 
and to evaluate the correlation among the LBP, PCT and CRP levels.

Materials and Method
Ethical approval for the study was obtained from the local ethical 

committee. The study was prospectively conducted between May 
2015 and February 2017. In total, 100 patients were included in 
the study. Informed consent was obtained from the relatives of all 
the patients. Fifty patients with clinical, laboratory and radiological 
findings, higher CRP levels and culture positivity for A. baumannii 
were included in the patient group, and 50 patients with no clinical, 
laboratory and radiological findings, lower CRP levels, but culture 
positivity for A. baumannii were included in the colonisation 
(control) group.

Exclusion criteria were determined as follows:

•	 Previously initiated antibiotic therapy for A. baumannii-
associated infection, which was detected in patients transferred from 
another clinic to ICU

•	 Patients in whom a different infection focus had been 
detected and is receiving antibiotic therapy, affecting A. baumannii

•	 Patients with findings that met the criteria of Systemic 
Inflammatory Response Syndrome (SIRS) and sepsis (such as burn 
and multi-organ trauma), when admitted to the ICU

•	 Patients who were treated in the ICU before being 
transferred to the service and then readmitted to the ICU

The patients who were newly admitted to the ICU and sought 
treatment for primary disease, with A. Baumannii being detected 
in the Endotracheal Aspirate (ETA) cultures, were included in the 
study. Five millilitres blood was obtained from the patients who had 
A. baumannii in their ETA cultures to determine the PCT, CRP and 
LBP levels. Blood centrifugation was performed and serum samples 
were stored at −80°C until further use. Follow-ups and treatments 
were initiated according to the culture antibiogram for A. baumannii-
related pneumonia.

Demographic data were collected and recorded for the study. 
Primary diseases that caused admissions to the ICU and the physical 
examination findings were also recorded. Laboratory findings such 
as leukocyte counts, CRP, PCT and LBP levels, infiltrations on chest 
radiographs, microbiological results and the days of mechanical 
ventilation were added to the list.

The ETAs were collected and sent for microbiological 
determination. Microorganisms were defined using BioMeriux Vitek 
2 Compact automated system (BioMerieux Marcy I’Etoile, France).

VAP was diagnosed on the basis of a combination of clinical, 
radiological and laboratory findings, in accordance with the criteria of 

the Centre for Disease Control (CDC) [12]. CRP levels were evaluated 
using the Immage 800 (Beckman Coulter) with Immunochemistry 
System), the PCT levels using the Mini Vidas PCT kits (B.R.A.H.M.S 
assay, bioMerieux, Marcy L’Etoile, France) and the LBP levels using 
the ELISA kits (Immulite DPC; Biermann, Bad Nauhe, Germany). The 
lower limit of the PCT test positivity was 0.05 ng mL−1, as determined 
by the manufacturer.

Statistical analysis
The data were analyzed by the SPSS 15. Normal distribution 

of the data was checked for each variable using the Kolmogorov-
Smirnov test. The two-independent samples t-test (Mann–Whitney 
U) and Kruskal-Wallis tests were performed. The correlation of the 
mean CRP, PCT and LBP levels was studied using the Spearman’s 
correlation test. A p value of <0.05 was considered statistically 
significant.

Result
Data of 26 males and 24 females in the patient group and 34 males 

and 16 females in the control group were analysed in this study. The 
mean age of individuals in the patient group was 74 years and that 
in the control group was 77 years (min: 20 years, max: 95 years). The 
demographic data and mean CRP, PCT and LBP levels of the groups 
are presented in Table 1.

Graph: The CRP, PCT and LBP levels in patient and colonisation groups.

Variable
Value

Patient Control P

Case n 50 50 -

Gender n, Male/Female 26/24 34/16 -

Mean Age 74 77
-

(95% CI: 65- 88) (95% CI: 67- 86)

Mean WBC (mm3) 13500 12700

Mean CRP (mg/dl)
38.2 9.4

0.018*

(95% CI: 33.7- 42.7) (95% CI: 5.6- 13.3)

Mean PCT (ng/ml)
12 1.9

0.006*

(95% CI: 6.9- 17) (95% CI: 0.9-.2.8)

Mean LBP (μg/mL)
38 34.6

0.031*

(95% CI: 36- 39) (95% CI: 30.6-38.7)

Table 1: Demographical characters of Patients and Control Groups.
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We compared the CRP, PCT and LBP levels between the patient 
and colonisation groups. Additionally, the correlation between the 
groups was analysed. The CRP, PCT and LBP levels were significantly 
higher in the patient group than in the colonization group, with p 
values of 0.018, 0.006 and 0.031, respectively. Differences between the 
groups are presented in Graph.

Discussion
Multidrug Resistant (MDR) microorganisms-related VAP is the 

most important infectious complication in the ICUs. Patients in the 
risk group susceptible to MDR microorganisms are those who have 
been hospitalised for >2 days in the last 3 months, living in a nursing 
home, on haemodialysis and chemotherapy or on an antibiotic therapy 
in the last month. In the presence of the risk factors, infections caused 
by microorganisms such as Pseudomonas aeruginosa, Klebsiella, 
Enterobacter, Serratia, Acinetobacter, Stenotrophomonas maltophilia, 
Burkholderia cepacia and methicillin-resistant S. aureus should be 
considered [13].

One of the most important microorganisms that cause VAP 
is the A. baumannii. It is a multidrug resistant bacterium [4]. 
Microbiological colonisation occurs in patients in a few days in ICU. 
Distinctive diagnosis of colonisation and infection is a concern in 
these patients. When VAP is suspected in a patient in ICU, multiple 
tests are required for the differential diagnosis [14,15]. Therefore, a 
need to search new markers has emerged.

In this study, the mean CRP level (mg/dl) was higher in the 
patient group (38.2 mg/dl) than in the control group (9.4 mg/dl). 
Likewise, the mean PCT (ng/ml) and LBP (μg/mL) levels were higher 
in the patient group (12 ng/ml and 38 μg/mL, respectively) than in the 
control group (1.9 ng/ml and 34.6 μg/mL, respectively). The higher 
CRP, PCT and LBP levels were observed in geriatric patients with 
VAP than colonized geriatric patients and also higher correlation 
between LBP levels and CRP and PCT were observed in patients with 
VAP. The combination of CRP, PCT and LBP may be helpful for the 
differential diagnosis of colonisation and infection in A. baumannii-
related VAP.

CRP is an acute phase reactant. The CRP levels increase during 
inflammatory conditions such as rheumatoid pathologies, some 
cardiovascular diseases and infections. CRP levels increase from 
approximately 1 μg/mL to >500 μg/mL within 24-72 h of the onset of 
inflammation. However, CRP has some negative features such as late 
peak, suboptimal response and progressively remaining at the same 
levels [16,17].

As LBP is synthesised in the lung epithelial and alveolar cells, 
it can help to diagnose VAP; thus, it could be a new and important 
marker [9]. The combination of PCT and LBP can provide benefits in 
the diagnosis in patients with VAP. Previously, it was reported that 
combination of PCT and LBP increases the sensitivity from 88.5% to 
96.3% and specificity from 53.2% to 66.7% [18].

Previously, LBP was studied in patients with sepsis and septic 
shock. It was reported that LBP levels have less diagnostic importance 
compared with the PCT and CRP levels, in situations of febrile 
neutropenia with sepsis [19]. In another study, LBP levels were 
studied in 54 neonatal patients with sepsis and significantly higher 
levels were found; significant cut-off level of LBP was 17.5μg/mL [20]. 

In another study, serum LBP levels were found significantly high in 
58 cirrhotic liver patients with sepsis [21]. Similarly, significantly high 
LBP and PCT levels were found in 154 patients with severe sepsis [22]. 
In another study, LBP and PCT levels were studied in 100 patients 
with septic shock. However, no differences between the groups were 
found [23]. In our study, we observed lower LBP, PCT and CRP levels 
in the colonisation group. Our results are similar to those reported in 
previous studies in patients with sepsis [20-22]. However, we did not 
evaluate sepsis and septic shock status in our study.

In some other studies, even if higher LBP levels were noted in 
the patient group, statistical significance was not observed between 
the patient and control groups. Sakry et al. [24] found higher serum 
LBP levels patients with sepsis and septic shock in surgical ICU. 
However, no significant differences were found among the survivors 
and deceased.

Several diagnostic LBP levels have been previously reported in the 
literature. Carroll et al. [25] found higher mortality in patients with 
LBP values of >46 μg/mL. Prucha et al. [26] studied LBP levels in 68 
patients in ICU, and the LBP levels were noted to be >29.8 μg/mL 
in patients with SIRS and sepsis. In this study, it was reported that 
LBP levels of >25μg/mL should be considered as a criterion for poor 
prognosis. In our study, we noted LBP levels in the patient and control 
groups as 38μg/mL and 34μg/mL, respectively. The difference in the 
levels among the studies might be attributable to the demographic 
and clinical factors and the reason of admission to ICU.

Additionally, PCT is a helpful diagnostic marker that increases in 
infection, such as LBP. In the present study, we observed mean PCT 
levels to be 12 ng/mL and 1.9 ng/mL in the patient and control groups, 
respectively, and a statistically significant difference was found (p < 
0.05) between the groups. In previously reported studies, the cut-
off levels for PCT have been presented as 1-5 ng/mL in infections 
[18,19]. Rumende et al. [18] studied PCT and LBP levels in VAP. The 
PCT levels of >5 ng/mL and LBP levels of >30μg/mL were found as 
criteria for poor prognosis in their study. In other previously reported 
studies, PCT was noted to be more sensitive than LBP on day 3 and 
day 7 examinations [27]. Higher PCT levels were found in a study 
which was conducted in 57 patients with community-associated 
pneumonia with mechanical ventilation and 61 patients with VAP 
in ICU [28]. Our results are similar to those of previously reported 
studies for Acinetobacter-related VAP infections.

In conclusion; The CRP, PCT and LBP levels were significantly 
higher in the patient group than in the colonisation group. Co-
evaluation of clinical findings such as CRP, PCT and LBP may help 
the clinician to differentiate between colonisation and infection. We 
believe that LBP is a new marker that can contribute to VAP diagnosis 
in geriatrics.
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