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Abstract

Objectives To determine the impact of procalcitonin-guided antibiotic stewardship protocol (PCT-ASP) in children admitted
with sepsis and lower respiratory tract infection on the duration of antibiotic therapy and clinical outcome.

Methods This was a single-center study involving children with infections treated with antibiotic therapy according to the
PCT-ASP as the study group. The control group consisted of children with same age and diagnosis who were treated with
antibiotics according to individual unit protocol before the implementation of PCT-ASP. The primary outcome was median
duration of antibiotic therapy and hospital stay.

Results Among 127 patients, 66 were enrolled in the study and 61 in the control group respectively. The median (IQR) PCT
values at admission, day 4 and day 6 of antibiotic therapy were 5.59 (61.3), 2.57 (47.35), and 0.35 (0.47) ng/ml respectively,
and showed a decreasing trend. All the children in the control group received antibiotics at admission while 12% of children
in the study group were not initiated on antibiotics. In the study group, 53% of the children received antibiotics only for three
days in the absence of treatment failure. The duration of antibiotics (p =0.001) and hospital stay (p =0.03) were less in the
study group when compared to the control group.

Conclusions PCT-ASP reduces the duration of antibiotics and duration of hospital stay without increasing morbidity

and mortality.
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Introduction

Fever is the most common complaint in children admitted
to the hospital, the etiology being infection or inflammation
[1]. Unfortunately, most of the children admitted to the hos-
pital are inappropriately treated with antibiotics irrespective
of the etiology, promoting the emergence of resistance [2].
Infections caused by multi-drug-resistant pathogens are con-
sidered to be one of the most urgent threats to global health
[3]. Hence, optimizing antibiotic therapy has become the need
of the hour. Patients presenting with symptoms of acute lower
respiratory tract infection (LRTI) are often prescribed antibi-
otics by default, although more than 40% of these infections
are due to viruses. In addition, physicians often use prolonged
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antibiotic courses because there is a lack of clinical parameters
ultimately proving the resolution of illness. Delving more into
this, there is a need for sensitive and specific markers to aid in
the diagnosis and progression of bacterial infection. Procalci-
tonin (PCT) is the peptide precursor to the hormone calcitonin
which is triggered in response to a pro-inflammatory stimulus,
especially of bacterial origin. PCT expression is upregulated
in epithelial cells which encounter bacterial pathogens, con-
versely, PCT expression is downregulated in viral infections.
Serial PCT measurements help in estimating recovery from
bacterial infection providing information about the resolution
of illness. This can be taken as guidance for early and safe dis-
continuation of antibiotic therapy [4-9]. Antibiotic stewardship
is a coordinated program that promotes the appropriate use
of antibiotics, reduces microbial resistance, improves patient
outcomes, and decreases the spread of infections caused by
multidrug-resistant organisms especially when guided by PCT
[10]. The authors conducted this study to see the impact of
PCT-guided antibiotic stewardship protocol (PCT-ASP) on
antimicrobial therapy in the pediatric age group.
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Material and Methods

The study was conducted in a tertiary teaching hospital
over 17 mo (April 2021-September 2022). A total of 127
children aged 1 mo to 18 y admitted to the department
of pediatrics with a provisional diagnosis of sepsis and
LRTI were consecutively enrolled in the study. Children
with chronic systemic inflammatory diseases, primary
or acquired immunodeficiency and those on prolonged

corticosteroid therapy were excluded. The control group
comprised of consecutive children with provisional diag-
nosis of sepsis/LRTI admitted during 18 mo before ASP
was introduced. The study was initiated with the approval
of institutional ethics committee.

The children in the study group were treated with antibiotics
according to the PCT guided ASP which included the clinical
progression and radiological assessment (Fig. 1). The children
in the control group were treated with antibiotics for 5-10 d
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Fig. 1 Procalcitonin (PCT) guided antibiotic stewardship protocol
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according to individual unit protocol. In the study group, a com-
plete blood count and PCT was sent at admission in addition to
blood culture and chest radiograph in children with presump-
tive sepsis and LRTI respectively. PCT levels were estimated
by electrochemiluminescence at admission and after comple-
tion of 3 d and 5 d of antibiotic therapy. At admission, a PCT
value <0.5 ng/ml indicated unlikely sepsis and these children
were not started on antibiotics. A PCT value>0.5 ng/ml -
<2.0 ng/ml indicated possible sepsis, PCT value >2.0 ng/ml
- <10 ng/ml was considered likely sepsis with high risk for pro-
gression to severe sepsis and a PCT value >10 ng/ml indicated
severe sepsis and all these children were started on antibiotics
at admission. After three days, if the PCT was negative and
there was no clinical improvement the antibiotics were contin-
ued until there was clinical recovery. Children were admitted in
PICU if there was requirement of high flow oxygen/inotropes
and shifted out to ward once off these supports. An episode of
LRTI was defined when a child had fever, cough, fast breath-
ing and clinical and radiological evidence of lung parenchymal
involvement. In children with LRTI, if PCT was positive, the
infection was considered to be bacterial in etiology and anti-
biotics were initiated. Presumptive sepsis was considered in
children with signs and symptoms of bacterial infection, but
blood culture negative.

Demographic data, diagnosis and details of the antibiotic ther-
apy (day of initiation, day of de-escalation, day of discontinuation
and total duration) were collected. Results of all microbiology
cultures and imaging evaluation were noted. Clinical course of
the patient, treatment failure (requirement of re-initiation/ escala-
tion of antibiotics) until discharge/ death was noted. The above
data for the control group was collected retrospectively from the
medical records and children were matched according to age and
type of infection. Primary outcome was the total duration of anti-
biotic therapy. The secondary outcomes were length of hospital
stay, and antibiotic related adverse effects.

Data entry and statistical analysis was done using software
package IBM SPSS version 20. Demographic data and duration
of antibiotic therapy, hospital stay, and procalcitonin levels were
tabulated in both groups. For categorical data, frequencies (n)
and percentages (%) were calculated and Chi-square or Fisher

exact was applied for significance. For continuous data, either
mean (SD) or median (IQR) was calculated based on normality
distribution and intergroup comparisons were performed using
independent sample t test/ Mann Whitney U test. The duration of
antibiotic therapy and hospital stay were calculated, and compari-
son was done by Chi-square test. Pearson test was used to look
for correlation between procalcitonin and total leucocyte counts
and platelet counts. A p value <0.05 was considered significant
in this study.

Results

In the study group, of the 86 recruited children with fever,
66 were included in the final analysis. Children in whom the
stewardship protocol was not followed and those who were dis-
charged against medical advice were excluded (n = 20). The
provisional diagnoses in the study group were sepsis (47%) and
lower respiratory tract infection (LRTI) (53%). The children
in the control group were matched for age, gender and diag-
nosis of the children in study group. The demographic data
were comparable in both the groups (Table 1). The median
(IQR) PCT level was 5.59 (61.3) ng/dl at admission. Among the
study group, 10/66 (15%) had possible sepsis, 12% had likely
sepsis and 13.6% severe sepsis according to PCT levels; all of
them were initiated on antibiotics. Rest (59%) had the PCT in
unlikely sepsis range and the decision on antibiotic initiation
was made on clinical and radiological features. A decline in the
PCT values was noted during the subsequent days with clinical
recovery (Fig. 2).

‘When compared to the control group, significantly fewer chil-
dren in the study group were initiated on antibiotics (p = 0.015)
and fewer children required antibiotics for 5 d (p = 0.003) respec-
tively (Table 2). There was significant reduction in the duration of
antibiotics and duration of hospital stay in the study group when
compared to the control group (Table 3).

The PCT values had a positive correlation with dura-
tion of antibiotics (r=0.597, p <0.001) and duration of
hospital stay (r=0.354, p <0.001). The PCT values did not
correlate with the total leucocyte count (r=0.16, p=0.15),

Table 1 Baseline characteristics

) Demographic data Study group Control group Significance (p)
of the study population n=66 n=61 t test
Gender 0.829
Male, n (%) 49 (74) 43 (70)
Female, n (%) 17 (26) 18 (30)
Age (months) 24 (70) 24 (52) 0.422
Diagnosis
Presumptive sepsis, n (%) 31 (47) 29 (48) 0.558
LRTIL n (%) 35(53) 32 (52) 0.565

LRTI Lower respiratory tract infection
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absolute neutrophil count (r=0.16, p=0.15) and plate-
let count (r=-0.198, p=0.08). Out of 66 patients, 33/66
(50%) blood/urine cultures were sent; 4/33 (12%) were
culture positive. The PCT values did not correlate with the
culture positivity (r=-0.17, p=0.9). There was no mor-
tality in both the groups. In the study group, the children
were discharged after 3 d of admission if the PCT was
negative along with clinical recovery and followed up in
the outpatient department within 5 d of discharge. Those
with positive PCT values and clinical symptoms sugges-
tive of bacterial infection were treated with antibiotics
until PCT levels declined along with clinical recovery and
later discharged.

Discussion
The authors found that PCT guided antibiotic therapy in

children admitted with sepsis/LRTI results in significant
reduction in the duration of antibiotic therapy. Moreover,

there was a mean reduction in hospital stay by 28.5% (from
6.34 to 4.5 d).

Compliance with the algorithm was 90% in the present
study. In an international multicentre poststudy survey,
the overall compliance rate with the algorithm was 68.2%
[11]. In the present study, significantly fewer patients were
initiated on antibiotics [87% in the study group vs. 100%
in control group respectively (p =0.0015)]. Similarly, in
a retrospective study in China, antibiotic prescribing rates
were significantly less in the PCT group compared to the
standard group: 54.64% vs. 83.91% [12]. Most of the chil-
dren (53%) in the present study received antibiotics only
for 3 d and there was a 1.9-d reduction in antibiotic dura-
tion in the study group. The retrospective study in China
showed mean duration of antibiotic exposure in the PCT
group (3.98 +2.17 d) was lower than the standard groups
(6.66+5.59 d) [12]. Similar observation was noticed in a
Cochrane systematic review in adult patients with acute
respiratory infection where the PCT-guided group had a
2.4-d reduction in antibiotic exposure time (5.7 d vs. 8.1 d,

Table 2 Comparison of
antibiotic use among study and

control group

Category Study group  Control group  Significance (p)
(n=66) (n=61) t test

Children started on antibiotics at admission, n (%) 58 (87) 61 (100) 0.015

Children receiving antibiotics for 3 d, n (%) 39 (53) 12 (20) 0.001

Children receiving antibiotics for 5 d, n (%) 10 (15) 19 (31) 0.003

Children receiving antibiotics for>5 d, n (%) 02 (03) 30 (49) 0.001

Bold emphasis is to highlight the statistically significant difference (<0.05) in the parameters between the

study and control group
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Table 3 Comparison of primary

Outcome Control group Study group Significance (p)
outcome between study and Median (IQR) Median (IQR) Chi square test
control group

Duration of antibiotics (days) 6.34 (3.03) 4.5(3.2) 0.001

Hospital stay (days) 6.72 (3.49) 5.61 (2.58) 0.03

PICU stay (days) 2.89 (1.35) 2.69 (1.29) 0.47

Bold emphasis is to highlight the statistically significant difference (<0.05) in the parameters between the

study and control group

PICU Pediatric intensive care unit

p <0.001) [13]. Other adult studies have shown a 1.5- to
4-d reduction in antibiotic duration when PCT algorithms
were used to guide antibiotics in patients with sepsis and/
or LRTI [11, 14-16]. The PCT values had a positive cor-
relation with duration of antibiotics (r=0.597, p <0.001)
and duration of hospital stay (r=0.354, p <0.001).

Magrini et al., compared the efficacy of PCT, CRP, and
white blood cells (WBC) in diagnosing sepsis. A direct corre-
lation between PCT and WBC was found (r=0.34, p <0.0003).
PCT alone or when combined with WBC showed the best diag-
nostic and prognostic power at ROC analysis [17]. White blood
cell, neutrophil, neutrophil/lymphocyte ratio were found to be
significantly higher in patients with elevated procalcitonin. In
the present study, the PCT values did not correlate with the
total leucocyte count (r=0.16, p=0.15). Cil et al. studied the
relationships between PCT and neutrophil/lymphocyte ratio and
platelet/lymphocyte ratio in patients with pneumonia [18]. The
PCT value did not correlate with the platelet count (r=-0.198,
p=0.08) in the present study.

There were no adverse events like increased mortality
in the study group similar to the ProREAL survey, where
no increase in mortality and other adverse outcomes was
noted within 30 d of follow-up when the PCT algorithm
was followed [11].

The present study has certain strengths. The results inform
how a program could operationalize PCT into their workflow, if
desired. The PCT was done serially (prior to and after antibiotic
initiation) and all the decisions regarding the antibiotics were
taken based on that and the clinical condition of the patient
across all the consultants. Algorithm adherence was high with
antibiotic stewardship guidance, highlighting the importance of
incorporating stewardship into test implementation strategies.
There was no treatment failure or increased mortality among
the study group.

The present study has some limitations. First, the sample
size was small making it insufficient to draw solid conclu-
sions about the PCT guided antibiotic therapy. Second, since
authors excluded few patients (such as immunosuppressed
patients and those who received long-term antibiotic therapy
before admission), the utility of PCT in these patients could
not be studied. Third, the control group was enrolled retro-
spectively, a prospective data would have been more reliable.

Conclusions

PCT is very useful in cases of presumptive sepsis and
LRTI, to differentiate between bacterial and viral infec-
tions. According to PCT guided antibiotic stewardship the
authors could withhold initiation of antibiotics, de-escalate
and discontinue antibiotics early. This study decreased the
duration of antibiotics exposure and ultimately reduced the
duration of hospital stay. The authors believe that the study
will provide the answer to reducing unnecessary antibiotic
usage in children without causing any harm to the patient in
the form of treatment failure and/or mortality. In due course
of time, the restricted antibiotic usage will address the issue
of emergence of multi-drug resistant microbial infections.
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