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Abstract

Pediatric sepsis is a life-threatening condition, in which the immune system, instead of
controlling the infection,causes damage to tissues and organs. The aim of this study was to determine
the role of procalcitonin (PCT)in the early diagnosis of sepsis in high-risk infants and Oncological
patients with febrile neutropenia,its prognostic value,and the role of PCT in the choice of antibiotic.

The study is designed as retrospective-prospective, it is being worked at the PHI UC for
Children Diseases Skopje. It includes 60 critical newborns and 40 Oncology patients.The examined
group were divided into two subgroups:30 critical infants with bacterial sepsis in the intensive care
unit and 20 Oncological patients with sepsis and febrile neutropenia.PCT was determined the first
24h,3-5 days and 6-14 days of hospitalization.The value of PCT during the first 24 hours of admission
was increased in all 50 patients.Most of them had signs of severe sepsis and few od them had signs of
septic shock. In all of them,double parenteral antibiotic therapy was started.Seven patients has died in
the first five days.After 3-5 days of the start of antibiotic therapy, PCT values decreased.After the
third measurement, PCT values continued to decrease and in majority of the patients the antibiotic
therapy was discontinued.

By measuring the values of PCT, an early diagnosis of sepsis can be made. This is important
to start with antibiotics to prevent sepsis and septic shock.The dynamic in the values of PCT
determine the duration of antibiotic,its modification,the rational uses of antibiotics and the emergence
of resistance to it.
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Introduction

Sepsis is a leading cause of mortality in infants and hemato-oncology patients, characterized
by severe systemic inflammation, tissue damage and impaired systemic inflammatory response [1]. It
is a life-threatening condition, caused by microorganisms which consist a spectrum of disorders, in
which the immune system instead of controlling the infection, causes damage to its own tissues and
organs [2]. Early detection and initial treatment significantly improve the outcome in newborns and
hemato-oncology patients with sepsis induced infections. Adequate and timely treatment should lead
to stabilization and correction of metabolic, circulatory and respiratory disorders.

The use of appropriate antibiotic therapy and fluids should be started immediately after
evaluation. Improper sepsis treatment can lead to development of severe sepsis and septic shock.
Sepsis is characterized by microbial invasion into the blood, with early sings of circulatory disorders
involving: tachycardia, tachypnea, peripheral vasodilation, and fever (or hypothermia), to circulatory
collapse with multiple organic dysfunction syndrome and death [3].

The incidence of sepsis, severe sepsis and septic shock continues to increase. Although Gram-
positive bacterial pathogens remain the most common cause of sepsis, fungal microorganisms are on
the rise as well [3,4].

Over the past half-century, a significant progress in diagnosis and treatment of patients with
sepsis is being made while, the mortality rate decrease. Diagnosis of infection caused by bacteria or
other microbiological organisms is essential for effective treatment and prognostic evaluation [5,6].
Current clinical and laboratory methods for diagnosing bacterial infections are either nonspecific or
require longer time to develop the agent. Procalcitonin (PCT) is a biomarker that exhibits greater
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specificity than other proinflammatory markers in identifying pediatric patients with sepsis and can
be used to diagnose bacterial infections[6].

Production is activated in all parenchymal tissues in response to bacterial infection mediated
by cytokines interleukin-6 (IL-6), tumor necrosis factor-a (TNFa) and interleukin-1§ (IL-B). On the
other side, PCT production is attenuated by interferon-y primarily secreted in response to viral
infection.This feature makes PCT a more specific marker for bacterial infection [7].

In healthy pediatric patients the level of PCT is below 0.05 ng/ml. During the systemic
inflammation, blood concentrations of PCT increase, mostly when it is caused by a bacterial infection
[8]. When the PCT concentration exceeds 0.25ng / ml, the risk of local bacterial infection occurs. The
risk of systemic bacterial infection occurs when the PCT level exceed 0,5 ng / ml [9]. It is shown that
bacterial lipopolysaccharide (LPS) is a potent inducer of PCT release in systemic circulation. In the
organism the PCT is detected 3 to 4 hours after the infection, reaches its peak after 6 hours and the
plateau for up to 24 hours. The half-life of PCT in the blood is between 25 and 30 hours [10]. The
dynamics of procalcitoninot (PCT) concentration determine the duration of antibiotic therapy or its
modification [11].

Objectives
The aims of this study are:

1. To determine the role of procalcitonin as a marker in the early diagnosis of sepsis in high risk
newborns.

2. To determine the role of procalcitonin in high risk newborns and hemato-oncology patients
with febrile neutropenia in order to evaluate the prognostic values of this diagnostic method.

3. To determine the role of procalcitonin in the diagnosis of bacterial sepsis in pediatric hemato-
oncology patients with febrile neutropenia.

4. To determine the role of procalcitonin in the choice and duration of antibiotic therapy in the
managment of sepsis.

Materials and Methods

The study was designed to be retrospective and prospective and it was developed at JZU
University Clinic for Pediatric Diseases — Skopje.

The study covers 60 high-risk newborns and 40 hemato-oncology patents with febrile
neutropenia divided into two groups: Experimental and Control group.

Experimental group of 50 pediatric patients diagnosed with sepsis according to the standards
protocols on disease diagnosis. The Experimental group is divided into two subgroups:

1. Subgroup of 30 high-risk newborns diagnosed with sepsis (PCT >2 ng/mL) at the Intensive Care
and Therapy Department.

2. Subgroup of 20 hemato-oncology patients with febrile neutropenia diagnosed with sepsis (PCT >2
ng/mL) at the Hematology and Oncology Department.

Control group of 50 patients at the same age with an infection and sings of inflammation
without proven sepsis according to the standards protocols on disease diagnosis.

The diagnosis of sepsis concerning the pediatric patients is diagnosed according to the
standard protocols on disease diagnosis.

The PCT and the other markers of inflammation (WBC, Neu%, CRP) are produced at the
Clinical Laboratory of JZU University Clinic for Pediatric Diseases — Skopje.

The PCT is determined through an immunological method: patented ELFA (Enzyme-linked
fluorescent assay) technology, automated immunoanalyzer Vidas Biomerieux (ng/ml).

The PCT value of healthy persons is under 0.05 ng/ml. Sepsis occurs when the PCT value is
over 0.5 ng/m; high PCT values of over 2 ng/ml appear in severe sepsis and septic shock. First PCT
sample is obtained within 24 hours from hospitalization.Second PCT sample is obtained within 3-5
days and with commenced appropriate antibiotic treatment. Third sample of PCT is obtained within 6-

14 days. In case of enormous surges of PCT values, we start with double dose of antibiotic
therapy that includes treatment with Meropenem and Vancomycin. The therapy starts immediately
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upon the first hemoculture and, if applicable, we additionally include polyclonal intravenous
immunoglobulin.

Results

During the first 24h from the admission at the hospital, the values of PCT were elevated in all
30 newborns and in all 20 hemato-oncology patients (PCT >2 ng/mL).

According to the gestational age of the experimental group, seven newborns were born
spontaneously between 37-42 weeks of pregnancy. Eight were moderately to late preterm, born
between 32-37 weeks of pregnancy, ten were very preterm, born between 27-32 weeks of pregnancy,
and five of them were extremely preterm, born between 22-27 weeks of pregnancy. Fifteen of them
were admitted due to asphyxia, and the other fifteen were admitted due to Respiratory Distress
Syndrome. Twelve newborns had clinical signs of severe sepsis, and five had septic shock (PCT>10
ng/mL) [fig.1]. In 24 newborns, immunoglobulins and combined antibiotic therapy with Meropenem
and Vancomycin were initiated according to the protocol of severe sepsis. The rest of them started
with combined antibiotic therapy with Meropenem and Amikacin. Six newborns ended up with lethal
outcome in the first five days. During the second measurement, 3-5 days after starting the antibiotic
therapy, the PCT values started to decrease regardless of whether the results of the hemoculture
showed positive or negative findings. After the third measurement (6-14 days) the levels of PCT
decreased. In seven newborns the antibiotic therapy was excluded and in the rest seventeen newborns,
the antibiotic therapy was excluded on the twenty first day [fig. 2].

The hemato-oncology patients had clinical signs of sepsis and febrile neutropenia and fever
(>38C) over two hours, and also neutrophils < 0,5 x 10"9. The patients who had receiving more
aggressive hematological therapy, have had severe clinical signs.

They were divided into two subgroups: fifteen hemato-oncology patients with white blood
cells proliferation, and five hemato-oncology patients with solid tumors. Nineteen hemato-oncology
patients had clinical signs of severe sepsis a one had septic shock (fig. 1). In thirteen hemato-oncology
patients combined antibiotic therapy was initiated according to the protocol for severe sepsis, with
Meropenem and Amikacin and in the other seven patients, combined antibiotic therapy with
Vancomycin and Amikacin was initiated. One patient has had a fatal outcome in the first five days.
During the second measurement, 3-5 days after the start of appropriate antibiotic therapy, the PCT
values decreased, regardless of whether the results of the hemoculture showed positive or negative
findings. After the third measurement (6-14 days) the levels of PCT decreased. In 15 hemato-
oncology patients the antibiotic therapy was excluded and in the rest four patients, the antibiotic
therapy was excluded on the twenty first day [fig. 2].

Newborns with proven bacterial infection and children with febrile neutropenia have high
levels of PCT. The level of PCT is associated with changes in other inflammatory markers. In case of
clinical sepsis, the PCT can be an early diagnostic and prognostic biomarker. Successful treatment
with combination of two antibiotics and immunotherapy results with normalization of PCT levels.
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Figure 2. The ratio of Newborns and Hemato-oncology patients, 14 and 21 day after
excluding antibiotic therapy.

Discussion

New findings from the latest research about the levels of PCT and its sensitivity and
specificity in early diagnosis of sepsis in pediatric patients have been described in a large number of
studies [12]. PCT can be detected in the body only 3-4 hours after the infection has started, and it
reaches its maximum in 6 hours, and a plateau up to 24h. On the contrary, the levels of CRP (C-
reactive protein) increases between 12 and 36 hours from the beginning of the infection [13]. In the
blood, the PCT has a half-life of 25-30 hours. The levels of PCT increase during a systematic
inflammation, especially those with bacterial etiology [14]. The risk of local bacterial infection
becomes significant when the levels of PCT exceed 0.25 ng/ml. The risk of a systematic bacterial
infection becomes significant when the levels of procalcitonin exceed 0.5 ng/ml, whilst the levels of
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procalcitonin are very high in cases of severe sepsis and septic shock. Patients with enormously high
levels of PCT usually have a lethal outcome, which gives it an important role in the prognosis of
sepsis [14,15]. Studies show that the early diagnosis and the positive response from the given therapy
lead to better outcome in pediatric patients with infections that lead to sepsis. This opens up a whole
new perspective in the use of PCT as a marker of choice in the early diagnosis and determining the
duration of the antibiotic treatment in pediatric patients with sepsis [16,17]. There are many studies
from the Cochrane medical database which claim that intravenous polyclonal immunoglobulins
reduce the death rate in sepsis, whilst monoclonal antibodies aren’t that efficient, although there is
still not enough proof [18]. Also, studies have shown that low doses of corticosteroids over 5 days are
effective in increasing the possibility of surviving septic shock without causing damage [19].

The addition of aminoglycosides to beta-lactam cones in sepsis manure does not demonstrate
clinical efficacy relative to self-administration of beta lactams. Combined treatment carries the risk of
nephrotoxicity [20,21].

Other studies have shown that in febrile patients with granulocytopenia (neutropenia), the
therapy, including beta-lactam with a broad spectrum, such as third-generation cephalosporin 3
(ceftazidime or ceftriaxone) plus single ammonoglycoglycosidic must be initiated after checking the
haemoculture [22]. Patients with neutropenia may develop sepsis if they remain unresponsive to
antibiotic therapy for several hours after fever [23,24]. Changing the antibiotic therapy, based on
changing the course of the infection and the response to the therapy prevents the onset of severe sepsis
and septic shock [25].

From the studies above, we can see the importance of PCT as an early biochemical marker for
the diagnosis and prognosis of sepsis in pediatric patients, which shows greater specificity and
sensitivity than other proinflammatory markers.

The dynamics of procalcitoninot (PCT) concentration determine the duration of antibiotic
therapy or its modification

Conclusion

Sepsis in newborns is a life-threatening condition, caused by microorganisms which consist a
spectrum of disease, in which the immune system instead of controlling the infection, leads to
damaging the own tissues and organs.Early detection and treatment significantly improve the outcome
in newborns and hemato-oncology patients with febrile neutropenia with sepsis-induced
infections.The PCTisan early marker for the diagnosis and prognosis of sepsis in newborns and
hemato-oncology patients with febrile neutropenia.We examined a group of 50 pediatric patients
diagnosed with sepsis according to standard diagnostic protocols.

The PCT values were increased at the time of patients’ admission with sepsis, while the
values of other inflammatory marker (C-reactive protein, leukocytes, neutrophils) gradually increased.

It is very important in initiating appropriate antibiotic therapy as well as immunotherapy
according to the standard therapy protocol in order to prevent worsening of the condition to the
development of severe sepsis and septic shock.The dynamics in the values of procalcitonin also
determine the duration of antibiotic therapy or its modification, thus contributes in the non-rational
use of antibiotics, the emergence of their resistance and a great financial benefit.
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