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Abstract. — OBJECTIVE: The aim of this
study is to examine whether there is a relation-
ship between procalcitonin and neutrophil/lym-
phocyte ratio or platelet/lymphocyte ratio in pa-
tients with pneumonia.

PATIENTS AND METHODS: The data of 54
patients hospitalized in the respiratory unit of
the Adiyaman University Faculty of Medicine
Hospital (Adiyaman, Turkey) with the diagno-
sis of pneumonia between January 2018 and
July 2019 were reviewed retrospectively. The
patients’ complete blood count, procalcitonin,
erythrocyte sedimentation rate, and C-reactive
protein data were obtained. Diagnosis was made
by chest X-ray and, for some patients, by tho-
rax computed tomography together with appro-
priate clinical findings. Patients with a history of
tumors, trauma, burns, surgery, kidney failure,
inflammatory diseases or non-pulmonary infec-
tions were excluded from the study.

RESULTS: The mean age of the patients was
59.04+20.00 years in the group with normal pro-
calcitonin and 66.04+18.28 years in the group
with elevated procalcitonin (p: 0.186). The fe-
male/male sex ratio of the patients was 15/13
in the group with normal procalcitonin and 8/18
in the group with elevated procalcitonin (p:
0.090). Neutrophil/lymphocyte ratio was 3.97
(1.20-10.77) in the group with normal procalci-
tonin and 7.21 (0.60-29.50) in the group with ele-
vated procalcitonin (p: 0.012). Platelet/lympho-
cyte ratio was 155.54+68.89 in the group with
normal procalcitonin and 157.48+81.38 in the
group with elevated procalcitonin (p: 0.925).
In ROC analysis performed to predict elevat-
ed levels of procalcitonin, cut-off values were
16.4 x103%/mm? for white blood cells (p: 0.003),
11.7 x10%/mm? for neutrophils (p: 0.001), 5.47 for
neutrophil/lymphocyte ratio (p: 0.005), and 7.4
mg/dL for C-reactive protein (p: 0.005).

CONCLUSIONS: In our study, white blood cell,
neutrophil, neutrophil/lymphocyte ratio, and
C-reactive protein values were found to be sig-
nificantly higher in patients with elevated pro-
calcitonin. The neutrophil/lymphocyte ratio was
also significantly correlated with white blood
cell count and platelet/lymphocyte ratio.
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Introduction

Pneumonia is the inflammation and infection
of the lung parenchyma tissue, generally caused
by microorganisms such as bacteria, viruses,
and fungi. Parenchymal inflammation caused
by non-infectious agents (e.g., acid-alkaline sub-
stance inhalation or radiation) is called pneumo-
nitis'. Although C-reactive protein (CRP) levels
increase with inflammation, CRP cannot be used
to differentiate between bacterial and non-bac-
terial inflammation?. On the other hand, the el-
evated procalcitonin levels induced by bacterial
infections indicate the general immunological
activity of the organism. Viral infections do not
cause increases in procalcitonin®. Studies have
shown that procalcitonin and the neutrophil/lym-
phocyte ratio (NLR) have equivalent diagnostic
accuracy in bacterial infections®. The aim of our
study is to examine whether there is any relation-
ship between procalcitonin and the neutrophil/
lymphocyte ratio (NLR) or platelet/lymphocyte
ratio (PLR) in patients with pneumonia.
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Patients and Methods

The outpatient clinic data of a total of 54
patients hospitalized in the respiratory unit of
the Adiyaman University Faculty of Medicine
Hospital (Adiyaman, Turkey) with the diagno-
sis of community-acquired pneumonia between
January 2018 and July 2019 were reviewed ret-
rospectively. The patients’ complete blood count,
procalcitonin, erythrocyte sedimentation rate,
and CRP data were obtained. The diagnosis of
pneumonia was made according to appropriate
clinical findings such as fever, cough, and spu-
tum, as well as increased density such as paren-
chymal infiltration and consolidation in chest
X-rays and thorax computed tomography in some
cases. Patients with a history of tumors, trauma,
burns, surgery, kidney failure, inflammatory dis-
eases, immunosuppressive conditions, and ex-
trapulmonary infections were excluded from the
study. Patients were divided into two groups as
those with normal procalcitonin levels (<0.12 ng/
mL) and those with elevated procalcitonin levels
(>0.12 ng/mL).

Complete blood count results were studied
with a 24-parameter CELL-DYN Ruby device
(Abbott, Wiesbaden, Germany) and procalcitonin
with an AQT90 Flex device (Radiometer, Bron-
shoj, Denmark).

Statistical Analysis

All data were analyzed using IBM SPSS Sta-
tistics 23.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics were expressed as mean-
standard deviation (minimum-maximum) and

numbers (percentages). Chi-square tests were
used to compare categorical data. Independent
Student’s t-tests were employed to compare nor-
mally distributed continuous data and the da-
ta were expressed as meantstandard deviation.
Mann-Whitney U tests were used to compare
data that did not show normal distribution, which
were expressed as median (minimum-maximum).
Pearson correlation tests were used to determine
correlations between procalcitonin and other lab-
oratory parameters. Analysis of the area under re-
ceiver operating characteristic curves (AU-ROC)
was performed to calculate the cut-off values for
the parameters of NLR, white blood cell (WBC)
count, and CRP in the diagnosis of bacterial
pneumonia. Values of p<0.05 were considered
statistically significant.

Results

The mean age of the patients was 59.04+20.00
years in the group with normal procalcitonin and
66.04£18.28 years in the group with elevated
procalcitonin (p: 0.186). The sex distribution of
the patients (female/male) was 15/13 in the group
with normal procalcitonin and 8/18 in the group
with elevated procalcitonin (p: 0.090). Demo-
graphic data and blood parameters of the groups
are shown in Table . WBC, neutrophil, NLR,
and CRP values were found to be significantly
higher in the group with elevated procalcitonin.
The WBC value was 11.90 (5.00-16.40) x 10*/mm?
in the group with normal procalcitonin and 15.40
(4.20-26.00) x 10*/mm? in the group with elevated

Table I. Demographic data and blood parameters in patients with pneumonia with normal and elevated procalcitonin levels.

Patients with nomal Patients with elevated
procalcitonin procalcitonin
(procalcitonin < 0.12 ng/mL) (procalcitonin> 0.12 ng/mL)

n: 28 n: 26 p-value
Age? 59.04 +20.00 66.04 + 18.28 0.186
Sex (female/male)® 15/13 8/18 0.090
White blood cells® x 103/mm? 11.90 (5.00-16.40) 15.40 (4.20-26.00) 0.008*
Neutrophils® x 10°*/mm? 8.20 (2.90-14.00) 11.75 (2.80-22.70) 0.005*
Lymphocytes® x 10/mm? 2.13+0.82 2.23+1.90 0.784
Platelets® x 10°/mm® 291.41 £ 86.74 254.16 + 87.17 0.122
Neutrophil/lymphocyte ratio® 3.97 (1.20-10.77) 7.21 (0.60-29.50) 0.012*
Platelet/lymphocyte ratio® 155.54 + 68.89 157.48 + 81.38 0.925
Sedimentation rate* (mm/h) 38.62 +21.84 39.00 £23.53 0.952
C-reactive protein®(mg/dL) 7.70 (1.20-43.00) 12.25 (1.90-35.80) 0.014*

aIndependent Student ¢-test (mean + SD); *Chi-square test (numbers); “Mann-Whitney U test [median (minimum-maximum)],

*p <0.05.
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Table Il. AU-ROC analysis results for the prediction of bacterial pneumonia.

Cut-off value AUC 95% ClI P
White blood cells (x 10%/mm?) 16.4 0.709 0.569-0.824 0.003*
Neutrophils (x 10/mm?) 11.7 0.723 0.585-0.836 0.001*
Neutrophil/lymphocyte ratio 5.47 0.700 0.560-0.817 0.005%*
C-reactive protein (mg/dL) 7.4 0.694 0.554-0.812 0.007*
*p < 0.05.
procalcitonin (p: 0.008). The neutrophil count
was 8.20 (2.90-4.00) x 10%/mm? in the group with 'o ROC Curve
normal procalcitonin and 11.75 (2.80-22.70) x 10°
/mm? in the group with elevated procalcitonin _ A7
(p: 0.005). The NLR was 3.97 (1.20-10.77) in the 087 |_lJ
group with normal procalcitonin and 7.21 (0.60- —_——a T
29.50) in the group with elevated procalcitonin 2 06- ih
(p: 0.012). CRP values were 7.70 (1.20-43.00) mg/ Z |"_
dL in the group with normal procalcitonin and [ |’
12.25 (1.90-35.80) mg/dL in the group with ele- o 04,
vated procalcitonin (p: 0.014) (Table I). (
In the AU-ROC analysis conducted to predict "
elevated procalcitonin, the WBC cut-off value 0.29
was found as 16.4 (x10°/mm?®) (AUC: 0.709,
95% CI: 0.569-0.824; p: 0.003), the neutrophil 00 : : : :
cut-off value was 11.7 (x10*/mm?) (AUC: 0.723, 00 02 04 06 08 10
95% CI: 0.585-0.836; p: 0.001), the NLR cut-off 1 - Specificity

value was 5.47 (AUC: 0.700, 95% CI: 0.560-
0.817; p: 0.005), and the CRP cut-off value was
7.4 mg/dL (AUC: 0.694, 95% CI: 0.554-0.812;
p: 0.005) (Table II; Figure 1).

In correlation analysis, significant correlations
were found between NLR and WBC and between
NLR and PLR (r: 0.442, p: 0.001 and r: 0.495, p:
0.000, respectively). However, no significant cor-
relation was observed between procalcitonin and
WBC, CRP, NLR, and PLR (Table III).

Figure 1. ROC curve for neutrophil/lymphocyte ratio in
the prediction of bacterial pneumonia.

Discussion

WBC, neutrophil, NLR, and CRP values were
found to be significantly higher in patients with
elevated procalcitonin in our study, but PLR

Table Ill. Correlation table of white blood cell (WBC), C-reactive protein (CRP), neutrophil/lymphocyte ratio (NLR), platelet/

lymphocyte ratio (PLR), and procalcitonin levels.

\X’BC CRP NLR PLR Procalcitonin

WBC r: 0.188 r: 0.442 r: -0.086 r: 0.055
p:0.173 p:0.001 p:0.537 p:0.693
CRP r: 0.188 r: 0.162 r: 0.116 r: 0.219
p:0.173 p:0.243 p: 0403 p:0.112
NLR r: 0.442 r: 0.162 r: 0.495 r: 0.138
p:0.001 p:0.243 p:0.000 p: 0.318
PLR r: -0.086 r: 0.116 r: 0.495 r: -0.006
p: 0.537 p: 0.403 p:0.000 p:0.968

Procalcitonin r: 0.055 r: 0.219 r: 0.138 r: -0.006

p:0.693 p: 0.112 p: 0.318 p:0.968

*p <0.05.

3202



Procalcitonin and neutrophil/lymphocyte ratio and platelet/lymphocyte ratio in pneumonia

was not found to differ significantly. NLR was
significantly correlated with WBC and PLR. In
ROC analysis performed to predict elevated lev-
els of procalcitonin, cut-off values were 16.4 for
WBC, 11.7 for neutrophils, 5.47 for NLR, and
7.4 for CRP. Procalcitonin, CRP, NLR, PLR, and
WBC levels are important prognostic markers in
pneumonia’?,

In our study, a significant relationship was
found between elevated procalcitonin levels and
NLR and CRP. In the mortality study conducted
by Beyaz et al'?, a significant positive correlation
was found between procalcitonin and NLR and
CRP in patients with pneumonia. However, no
significant correlation was found between procal-
citonin and CRP and NLR in our study.

In the study conducted by Huang et al', 80 in-
dividuals with pneumonia and 49 healthy individ-
uals were included. In their study, similar to ours,
no significant correlation was found between
procalcitonin and PLR. While no significant cor-
relation was found between procalcitonin and
NLR in our study, a significant relationship was
found between procalcitonin and NLR in theirs.

In the study conducted by Yang et al”® involv-
ing patients with community-acquired pneumo-
nia, NLR showed a positive correlation with CRP
and procalcitonin. In that study, no significant
difference was found in the ROC analysis of the
AUC values for WBC, CRP, NLR, and PLR lev-
els (p>0.05).

In another study, values of CRP, NLR, and
PLR were found to be higher among pneumonia
patients compared to a control group. Consider-
ing the cut-off values, the following results were
obtained: CRP, 20.25 mg/L; NLR, 2.54; PLR,
105.17 (p<0.05). According to ROC analysis,
AUC values were 0.69 for CRP, 0.68 for NLR,
and 0.63 PLR, and no significant difference was
found between the two variables (p>0.05)". In
our study, the NLR cut-off value was determined
as 5.47 with an AUC of 0.700 and the CRP cut-
off was 7.4 with an AUC of 0.694 for predicting
elevated levels of procalcitonin in pneumonia
patients (p<0.05).

In the study conducted by Zheng et al"”’, the high-
est AUC value was obtained for CRP when CRP,
NLR, and WBC values were compared in ROC
analysis. In our study, on the other hand, the highest
AUC value was obtained for neutrophil count.

Lee et al” found a significant correlation be-
tween procalcitonin and CRP and NLR in their
study involving 154 patients. In our study, a
significant relationship was found between el-

evated procalcitonin levels and NLR and CRP.
In the study of Lee et al'®, a positive correlation
was found between procalcitonin and CRP, but
no correlation was found between procalcitonin
and NLR. In our study, however, no significant
correlation was found between procalcitonin and
CRP, NLR, and PLR.

In the prospective study conducted by Sosrohan-
doyo et al'’ that included 48 patients with sepsis, no
correlation was found between procalcitonin and
NLR and PLR. In our study, similarly, no correla-
tion was found between procalcitonin and NLR and
PLR. In certain other studies*** conducted with
sepsis patients, as in our study, no significant cor-
relation was found between procalcitonin and NLR.
In the study conducted Nurdani et al*?, contrary
to our findings, a strong correlation was reported
between procalcitonin and NLR in sepsis patients.
In a study conducted by Arif et al* that included
65 patients, it was shown that procalcitonin was
superior to NLR in distinguishing between patients
with sepsis and severe sepsis. In the same study, a
significant correlation was found between procalci-
tonin and NLR. In another study of sepsis conduct-
ed by Rehman et al*, a significant correlation was
found between NLR and procalcitonin, unlike our
study. In a study conducted by Dursun et al** with
pediatric patients with a diagnosis of sepsis, a pos-
itive correlation was found between procalcitonin
and CRP and NLR, unlike in our study. In another
study conducted by Cengiz et al* in a pediatric
intensive care unit, a positive correlation was found
between NLR and CRP and procalcitonin. In our
study, however, no correlation was found between
procalcitonin and NLR.

In our study, a significant relationship was
found between elevated levels of procalcitonin
and WBC, NLR, and CRP levels. However, no
significant finding was found for the correlation
of procalcitonin. Findings related to correlation
are different in the literature, and it was thought
that the reason for this might be the lack of dif-
ferentiation between viral and bacterial infections
because NLR increases due to lymphopenia in
cases of viral infections while procalcitonin does
not increase. Therefore, there may not be a cor-
relation between procalcitonin and NLR. Further
studies are needed to compare procalcitonin with
NLR and PLR while separating cases of viral and
bacterial infections.

The limitations of our study are that it was
retrospective, the number of patients was small,
the diagnosis of pneumonia was performed ac-
cording to clinical and radiological findings, and
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sputum culture results were not available for
every patient. In our study, there were no patients
who passed away in the ward; thus, no mortality
comparisons could be made.

Conclusions

Complete blood count parameters such as
WBC count, neutrophil count, and NLR are easi-
er and cheaper to obtain than procalcitonin levels.
However, complete blood count parameters may
be affected by countless different biological pro-
cesses and events. Therefore, it may be necessary
to evaluate procalcitonin and complete blood
count parameters together in some cases.
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