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Procalcitonin (ProCT): A Reliable Marker of Sepsis. A Single Centre
Experience
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Abstract: Objective: Sepsis occurs in hematological disorders due to neutropenia, clinical signs and symptoms are not specific for its
diagnosis. Early biomarkers are potentially helpful for the diagnosis in these patients. This study was done to assess the utility of Procalcitonin
(ProCT) as a marker of sepsis in patients with hematological disorders.

Methods: A cross sectional study was conducted in the section of clinical chemistry, department of laboratory, National institute of Blood
disease and Bone marrow transplantation (NIBD) Hospital in Karachi Pakistan. Total 366 patients with age groups of 15 to 60 years with
suspected sepsis undergone ProCT test were enrolled in the study, their blood cultures results and biomarkers including; White blood cell
(WBC) count, C-reactive protein (CRP) and Absolute Neutrophil count (ANC) were also recorded. Sepsis was labeled as per surviving sepsis
campaign (SSG) international guidelines for management of severe sepsis and Septic Shock 2012 criteria.

Results: Biomarkers of culture positive patients were compared with culture negative patients. The statistically significant difference was
noted in ProCT (p value < 0.001) and CRP (p value < 0.003). However, no significant differences were noted in WBC count (p value > 0.05)
and ANC count (p value > 0.05). ProCT had outstanding diagnostic accuracy with area under receiver operator characteristic curve (AUC) was
0.95; (95%CI0.89 - 1.00), that for CRP was modest (AUC 0.74; 95%CI 0.61-0.87), while that for WBC and ANC were poor with AUC 0.43;
(95%C10.311-0.58), AUC 0.44(95%CI 0.28-0.54) respectively.

Conclusion: ProCT alone showed the excellent diagnostic power on ROC analysis which proves it as a stronger diagnostic biomarker for
sepsis in hematological disorders.

Keywords: Procalcitonin (ProCT), Suspected sepsis, Hematological disorders, White blood cell (WBC), C-reactive protein (CRP), Absolute

neutrophil count (ANC), Neutropenia.

INTRODUCTION

Sepsis is a massive immune response to bacterial infection,
which affects many organs and without prompt management-
can lead to shock and multisystem organ failure [1]. It is the
second most common cause of death after myocardial infarc-
tion in patients admitted to intensive care units [2]. Clinical,
laboratory and microbiologic strategies are used for its
diagnosis. Laboratory tests ranging from white blood cell
count (WBC), neutrophil count and erythrocyte sedimentation
rate (ESR), to more complex biomarkers such as blood
cultures, Procalcitonin (ProCT), cytokine levels and circulat-
ing cell-free DNA(cfDNA) are used. The common approach
to detect sepsis is by blood cultures and they are considered
as gold standard, but it has certain limitations as they are
positive in up to 30% of patients and takes 2 to 3 days for the
results to be available [3, 4]. Several studies have reported
negative culture results even in severe sepsis, resulting in
difficulty in diagnosing such cases.

The diagnosis of infection is complex and sometimes impossi-
ble because of limited sign and symptoms in patients receiv-
ing intensive chemotherapy for hematopoietic stem cell trans-
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plantation (HSCT) which leads to long-term granulocytope-
nia. Fever is the only sign of infection in these patients [5].
Identifying the origin of a fever is very essential to start appro-
priate therapy. The working group of the German Society of
Hematology and Oncology suggest that in neutropenic
patients, the white blood cell count should not be used in
criterion to define sepsis. The Third International Consensus
Definitions for Sepsis and Septic Shock stated that sepsis is a
clinical diagnosis with no gold-standard diagnostic test [6].

For the above mentioned reasons, a reliable biomarker is
needed to identify sepsis, that must be sensitive, specific,
predict early diagnosis and easy to measure and useful in
neutropenic patients as well. Since recent decades ProCT has
emerged as a highly sensitive biomarker for the diagnosis of
sepsis. Normal serum ProCT levels in the blood are very low.
However its concentration instantaneously elevates in 6 tol2
hours of infection and after treatment, its levels declines and
with undetectable levels in patients with complete recovery
[7, 8]. Its levels are proportional to the severity of infection,
higher levels associated with more severe disease and vice
versa. In 2001 International Sepsis Definitions Conference
added ProCT and C-reactive protein to the new diagnostic
criteria of sepsis [9]. Centers for Medicare & Medicaid
Services (CMS) regulations have stated that ProCT is a
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reliable and accurate biomarker for sepsis diagnosis [10].

Diagnostic accuracy of ProCT in patients with neutropenia is
not similar in studies [7]. Prior systematic analysis and
meta-analyses were based mainly on pediatric population
[11-13], and literature on adult population is not
sufficient.Keeping in mind all these things, we planned our
study to define the clinical significance of serum ProCT in
Septic patients.

MATERIALS AND METHODS

Patients’ Recruitment

This was a cross sectional study, conducted in a section
of clinical chemistry, Department of Laboratory, National
Institute of blood disecase and bone marrow transplantation
(NIBD) Hospital, Karachi Pakistan from Ist December
2017 to 1st June 2018. The study was conducted after
approval of the Institutional Review Board (IRB)/Ethical
Committee of Hospital with Protocol no NIBD/RD-181/2018.
Patient demographics and relevant biochemical data were
recorded on a structured proforma.

Inclusion Criterion

Patients with age 15 to 60 years undergoing ProCT test with
suspected sepsis during the study period were enrolled in the
study. Sepsis was defined as per Surviving Sepsis Campaign
(SSG) International Guidelines for Management of Severe
Sepsis and Septic Shock 2012 criteria defined sepsis as ‘the
presence (probable or documented) of infection together with
systemic manifestations of infection, temperature >38°C or
<36°C, heart rate more than 90 beats per minute, respiratory
rate of more than 20 breaths per minute and white blood cell
count >12 000/uL or <4000/uL or >10% immature (band)
forms. Traditionally, more than two SIRS criteria were felt to
represent patients at risk of or suffering from sepsis [12, 14].

Exclusion Criterion

Pregnant females, patients with sepsis and already started on
antibiotic treatment, the death of patients due to sepsis and
unavailability of blood culture reports were excluded.

Biomarkers Analysis

Three to five milliliter of blood was collected in yellow top
(gel tube) and ProCT analyzed by electrochemiluminescence
technique on Roche Cobas e-411 analyzer, cut off used as
per Consensus conference of the American College of
Chest Physicians/Society of Critical Care Medicine. ProCT
levels < 0.5ng/ml considered as low risk for sepsis, ProCT
levels > 0.5ng/ml but <2ng/ml considered as moderate risk for
sepsis, ProCT levels >2 and <10ng/ml considered as high risk
for sepsis, ProCT levels >10ng/ml consider as severe sepsis or
septicshock [14-16]. CRP was analyze by Particle enhanced
immunoturbidimetric assay on Roche Cobas c-111 analyzer,
cut off used CRP<10mg/L labeled as no infection while
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CRP>10mg/L labeled as infection. WBC and Neutrophil
count was analyzed on XN-1000 Sysmex Hematology
analyzer by flow cytometry technique. The cut off used for
ANC was <2x10°L considered as neutropenia, 2-7x10°/L
considered normal ANC and >7x10°%/L considered as neutro-
philia. For Internal quality control; two levels of manufacturer
provided controls (low and high) were run of ProCT, CRP,
WBC, and Neutrophil count (ANC) laboratory also participat-
ed in RIQAS (Randox International quality assurance
scheme) as External quality assurance program for proficien-
cy testing.

ANALYSIS

Statistical software SPSS version 19 was used for analysis of
data. Frequency and percentages were calculated for gender,
while mean and standard deviation were calculated for
age.Median and interquartile (IQR) were calculated for
ProCT, CRP, WBC, and ANC count. The ProCT, CRP, WBC
and ANC levels were compared between culture positive and
cultures negative patients by using Mann-Whitney U test.
Kappa statistic was used to find the agreement between blood
culture and Procalcitonin. Diagnostic accuracy of ProCT,
CRP, WBC and ANC to predict sepsis was calculated against
gold standard as blood culture. Receiver operator curve and
area under the curve was derived. A p-value of <0.05 was
considered assignificant.

RESULTS

Patients undertaken serum ProCT test with suspected sepsis
during the period 1** December 2017 to 1* June 2018 were
included in the study. Total 366 subjects were recruited, out of
which 296 were excluded due to unavailability of blood
cultures results. Total 70 subjects were included in final
analysis with mean age of 36.5+16.3years, 57.1% (n=40)
were males and 42.8% (n=30) were females. The median
serum CRP level was 15.4mg/L (IQR: 3.2-84.3), median
ProCT was 0.40ng/ml (IQR: 0.121-1.2), median WBC was
2.4x10°/L (IQR: 0.79-6.65) and mean ANC was 1.5x10°/L
(IQR: 0.151-3.94). The 57.1% (n=40) patients had ANC count
<2x10°/L (Neutropenic), while 31.4% (n=22) had normal
ANC and 11.4% ( n=8) patients had ANC more than 7x10°/L
(Neutrophilic).

There were (n=24) 34.2%culture positive, while (n=46)
65.7% were cultures negative patients. Out of 24 cultures
positive patients, ProCT correctly identified 22 (91.6%)
patients thatlevels more than 0.5ng/ml. Out of 46cultures
negative patients ProCT correctly identified 37(80.4%) that
had ProCT levels less than 0.5ng/ml as shown in Table 1.
ProCT, CRP, WBC and ANC were compared between
positive and negative blood culture groups, a significant
difference was seen with ProCT (p-value <0.001), and CRP
(p-value 0.003), whereas no significant differences were seen
in WBC count (p-value 0.16) and ANC (p-value 0.23) as
shown in Table 2. On ROC analysis, the AUC of serum
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ProCT was 0.93(95%CI10.87-0.99), CRP was 0.71(95%-
CI0.58-0.85), WBC0.39 (95%C10.25-0.54) and for ANC was
0.41 (95%CI 0.26-0.56) as shown in Fig. (1). At a cut off of
0.5ng/ml ProCT had sensitivity of 95.5% specificity of
78.2%, PPV of 69.7% and NPV of 97.3%, the positive likeli-
hood ratio for Procalcitonin 4.5 (95% CI 2.58-7.85) while the
negative likelihood ratio 0.06 (95% CI 0.01-0.80) with
accuracy of 84.29(95% CI 73.62-91.89). There were positive
agreement between blood cultures and Procalcitonin with
kappa value of 0.676 with p-value of <0.001.

Table 1. Accuracy of Procalcitonin (ProCT) at Cut off
0.5ng/ml.

Test Blood culture Blood culture Total
positive (n=24) | negative (n=46) | (n=70)

Progqlcltonln 2 10 33

Positive

Procal’cnonln 01 37 37

Negative

Table 2. Sepsis Markers of Patients with Positive and Nega-
tive Blood Cultures.

Sepsis Markers | Blood culture Blood culture | P-value
positive negative
Median (IQR) | Median (IQR)
ProCT (ng/ml) | 3 110.94.20] | 0.2[0.09-0.44] | <0.001
Median[IQR]
CRP(mg/L) 79.9[15-171] | 7.2[3.0-41.6] | 0.002
Median[IQR]
WBC(x10L) | | 34r038-5.0] | 2.4[1.1-7.0] | 0.16
Median[IQR]
ANC (x10L) | 34r0.0.3.8] | 1.7[0.24-42] | 046
Median[IQR]
ROR Curve
10 Source of the
Curve
— PCT
0.8 — CRPLX
— WBC
— ANC
Reference Line
Q 0.6
2
@R 0.4
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Diagonal segments are produced by ties.

Fig. (1). ROC Curve of ProCT, CRP, WBC and Neutrophil
Count.

Dildar et al.

DISCUSSION

ProCT is 1l6—amino acid polypeptide prohormone of
calcitonin synthesized by the C-cells of the thyroid gland, and
in small amount by neuroendocrine tissue, lungs and
intestines. Normally ProCT levels in the blood are very low;
its production is stimulated by inflammatory cytokines and
bacterial endotoxins causing increased levels in the blood. It
has superior biokinetics, characterized by increased levels
earlier in bacterial infection or sepsis and decrease faster
when infection is controlled.

In this study, the diagnostic utility of serum ProCT for
the diagnosis of sepsis in hematological disorders was
evaluated. All subjects with suspected sepsis with hematolog-
ical disorders undergoing serum ProCT test were included in
the study. It was observed that median serum ProCT level,
3.Ing/ml [IQR0.94-20] was significantly higher in blood
culture positive patients in comparison to blood culture
negative patients, 0.2ng/ml [IQR 0.09-0.44] (p-value <0.001).
A study performed by M. Assicotand his colleagues in 1993
found very high concentrations of serum ProCT at diagno-
sis in severe bacterial infections patients (range 6-53 ng/mL)
[17].

We used a cut off of serum ProCT 0.5ng/m for sepsis diagno-
sis. Similar Cut-offs used byVincenzi I. and his colleagues in
2016 and Romano his colleagues in 2019 [18, 19].We report-
ed a sensitivity of 96% and specificity of 22% at a cutoff point
of 0.5 ng/mL sepsis diagnoses. However, by lowering the
cutoff point to 0.Ing/mL led to increased sensitivity and
specificity, 100% and 70% respectively. Romano and his
colleagues in 2018 reported similar sensitivity and specificity
of 100 and 22% respectively at a similar cut-off of 0.5ng/ml
[19].

A systematic review of randomized controlled trials done by
Schuetz P and his colleagues in 2011 stated that for
optimal performance, serum ProCT cut-offs must be used
according to patient risk level and clinical setting. Low-risk
patients, typically those with respiratory tract infections
presenting to an emergency department (ED), a serum ProCT
cut—off of < 0.25 ng/mL or 0.1 ng/mL should be used. While
in high-risk patients, typically those admitted to the intensive
care unit (ICU) serum ProCT level of 0.5 ng/mL or > 0.26
ng/mL should be used [6].

Normally, serum ProCT levels are very low <0.01 ng/ml. In
sepsis itslevels increases significantly, sometimes to more
than several hundred nanograms per milliliter. Paul E. Marik
in 2014 stated that ProCT level >0.5 ng/ml is highly
suggestive of a bacterial infection whereas a level <0.1 ng/ml
less likely to be bacterial infection [4].

A multicenter randomized trial done by De Jong (2016) and
his colleagues on Stop antibiotics on procalcitonin guidance
Study (SAPS), in patients with suspected infection or proven
infection admitted to the ICU. They recommended that
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clinicians shouldstop antibiotics if ProCT is <0.5 pg/L or if it
decreased by >80% of the peak value [7]. Riedel in 2011
stated that ProCT is extremely sensitive biomarker for sepsis
diagnosis or to rule-out the bacterial sepsis, with a high
negative predictive value of more than 95 % [20].

The study has many limitations as 1) it was conducted at
single institute with a small sample size 2) Serum ProCT
mislabeled 14.2 %( n=10) out of 70 patients as septic and their
levels were between 0.5 and 2 ng/ml. This could probably be
due to low levels of bacteremia and bacteria failed to grow in
culture, anaerobic bacterial infection or patients had some
other cause of infection. One patient was missed by serum
ProCT; it may be due to skin flora contaminant or maybe
empirically antibiotic was started prior to blood culture,
which resulted in a reduction of the serum ProCT values. 3)
Most of the patients were post chemotherapy and post Bone
Marrow Transplant (BMT) patients so their ANC and WBC
did not rise significantly.

The strength of the study was a strict inclusion criterion of
patients with suspected sepsis and one type of population
included in study.

CONCLUSION

In conclusion, ProCT is a reliable and specific sepsis biomark-
er. It can be used as a single reliable test and it has about the
same accuracy as blood cultures and more accurate than CRP,
ANC, and WBC for sepsis diagnosis in patients with hemato-
logical disorders.
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