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Abstract

Background

Sepsis remains one of the leading causes of morbidity and mortality in critically ill
children worldwide. Identifying reliable prognostic markers is essential for improving
risk stratification and guiding targeted therapies. While some studies in adults sug-
gest that procalcitonin (PCT) clearance may better predict sepsis outcomes, there is
limited information regarding pediatric sepsis. This study aimed to evaluate whether
PCT clearance is associated with mortality among children with severe sepsis and
septic shock.

Methods

We retrospectively reviewed medical records of children aged 1 month to 18 years
admitted to the PICU who were diagnosed with severe sepsis and septic shock at
Srinagarind Hospital, Thailand, between January 2016 and October 2021. Serum
PCT was measured at 0, 24, and 48 hours after the initial diagnosis. PCT clearance
was calculated using the relative change from baseline. The primary outcome was
in-hospital mortality.

Results

A total of 242 children were included, with a median age of 8 years (interquartile
range [IQR]: 3—14). Most participants (62.8%) had no underlying conditions. The
overall mortality rate was 26.5%. An initial PCT level>2ng/mL was not significantly
associated with mortality (adjusted odds ratio [aOR] = 1.17; 95% confidence inter-
val [CI]: 0.44-3.16, p=0.8). However, decreased PCT clearance at 24 hours was
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strongly associated with mortality (aOR = 2.79; 95% CI: 1.11-7.01, p=0.029). The
area under the receiver operating characteristic curve for 24-hour PCT clearance to
predict mortality was 0.71 (95% CI: 0.63-0.80).

Conclusions

Lower PCT clearance in the first 24 hours was significantly associated with higher
mortality in pediatric patients with sepsis. Serial PCT measurements and PCT clear-
ance monitoring may offer valuable prognostic information and could be considered
as part of routine clinical evaluations in pediatric sepsis management.

Introduction

Sepsis, defined as life-threatening organ dysfunction arising from a dysregulated host
response to infection, continues to be a significant cause of pediatric intensive care
unit (PICU) admissions worldwide [1-3]. Although the evolution of pediatric sepsis
bundles and best-practice guidelines, partly informed by the Surviving Sepsis Cam-
paign, has led to improvements in recognition and management, mortality and long-
term morbidity remain alarmingly high, particularly in resource-limited settings [4,5].

Early identification of high-risk pediatric patients is critical, allowing for prompt,
targeted interventions to improve outcomes. Although blood culture is considered
the gold standard for the diagnosis of sepsis, its efficacy is constrained by subopti-
mal sensitivity and prolonged turnaround times [6,7]. Various biomarkers, including
C-reactive protein (CRP), lactate, and procalcitonin (PCT) have been explored for
their prognostic utility [8]. Lactate is frequently used as a measure of tissue hypoper-
fusion; however, its levels can be confounded by factors such as liver dysfunction,
anemia, seizures, or certain medications, potentially reducing its specificity for
sepsis-related risk stratification [9,10]. These limitations have shifted attention toward
procalcitonin, a peptide precursor of calcitonin released in response to bacterial infec-
tions and often correlates with infection severity.

Recent adult studies suggest that changes in PCT levels over time, termed PCT
clearance, can offer better prognostic insights than a single PCT measurement alone.
Persistently elevated or slowly declining PCT might indicate inadequate source con-
trol, ongoing infection, or a robust inflammatory response, all of which could correlate
with worse outcomes [11-14]. Despite growing evidence in adults, there is a paucity of
data regarding PCT clearance in pediatric populations with sepsis and septic shock.

To address this gap, we conducted a retrospective cohort study in children admit-
ted with severe sepsis and septic shock to assess the relationship between PCT
clearance and mortality. We hypothesized that slower PCT clearance within the first
24-48 hours would be associated with a higher risk of mortality.

Materials and methods
Study design and population

We performed a retrospective cohort study including children aged 1 month to 18
years who were diagnosed with severe sepsis or septic shock and admitted to the
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PICU at Srinagarind Hospital, Khon Kaen University, from January 2016 through October 2021. Patients with cyanotic
congenital heart disease, end-stage malignancy, terminal illnesses, or significant congenital anomalies were excluded.
The study adhered to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.
Upon receiving ethical approval from the institutional review board, we initiated a review of the medical records belonging
to pediatric patients who met the inclusion criteria. This data collection process encompassed from December 15, 2022, to
November 30, 2023.

At our institution, children admitted with severe sepsis or septic shock typically undergo PCT testing at presentation
and at 24, 48, and 72 hours thereafter, in line with local protocols for infection and sepsis monitoring.

Definitions

Severe sepsis and septic shock were defined according to the International Pediatric Sepsis Consensus Conference
criteria [15]. Severe sepsis: Sepsis plus at least one of the following: cardiovascular dysfunction, acute respiratory distress
syndrome (ARDS), or = 2 other organ system dysfunctions. Septic shock: Sepsis with cardiovascular dysfunction requiring
vasoactive medications or fluid resuscitation support.

Data collection

We gathered baseline patient information, which included age, sex, weight, height, and comorbidities. We categorized
the children into five distinct groups for the analysis process as follows: 1) infants (<1 year), 2) toddlers (1 to <3 years), 3)
preschool-aged children (3 to <5 years), 4) school-aged children (5-12 years), and 5) adolescents (>12—18 years). Labo-
ratory results were obtained from electronic medical records and comprised a complete blood count, serum urea, creati-
nine, lactate, and PCT. The PCT levels were documented according to the institution’s protocol for children diagnosed with
sepsis and septic shock. Measurements of PCT levels were performed using an electrochemiluminescence immunoassay
(Cobas E 801 analyzer, Roche, Japan) and reported in nanograms per milliliter (ng/mL). The PCT clearance was deter-
mined by calculating the difference between the initial PCT and the PCT levels measured at 24, 48, and 72 hours. This
difference was then divided by the initial PCT value and expressed as a percentage.

The clinical outcomes of interest included two key factors: the rate of in-hospital mortality and the length of hospital
stay. These metrics provide valuable insights into patient health status and the effectiveness of care received during
hospitalization.

Statistical analysis

All analyses were conducted using Stata software version 10 (StataCorp LP, College Station, TX, USA). Categorical data
were expressed as frequencies (percentages), while continuous data were summarized as means * standard deviation
(SD) or medians (interquartile range [IQR]), depending on distribution. Univariate logistic regression was used to iden-
tify factors associated with in-hospital mortality; results are presented as crude odds ratios (OR) with 95% confidence
intervals (Cl). Statistically significant variables (p<0.2) in the univariate analysis were then included in a multivariable
logistic regression using a backward stepwise approach. Adjusted odds ratios (aOR) and 95% Cls were calculated for
factors retained in the final model. The predictive performance of PCT clearance was assessed by generating a receiver
operating characteristic (ROC) curve and calculating the area under the ROC (AUROC). A p-value <0.05 was considered
statistically significant.

Ethical approval

This study was approved by the Khon Kaen University Ethics Committee (KKUEC), approval number HE641625. The
Institutional Review Board waived the requirement for written informed consent in accordance with Khon Kaen University’s
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Announcement No. 2179/2563, as it involved retrospective analysis of existing data without identifying individual

participants.

Results

Studied population and characteristics

A total of 242 children with severe sepsis or septic shock were included. Table 1 summarizes their baseline characteristics.
The median age was 8 years (IQR: 3—-14), and 55.8% were female. Most patients (62.8%) had no known comorbidities.
(Table 1) Among those with underlying illnesses, hemato-oncologic malignancies (22.7%) were most common, followed
by immunologic disorders (11.6%) and chronic kidney disease (2.9%). The distribution of preexisting co-morbidities across
each age group was illustrated in Fig 1. The overall in-hospital mortality was 26.5%.

Procalicitonin levels, PCT clearance, and mortality

Serum PCT levels were measured at admission (0 hours) and 24 hours in all 242 patients; 146 had additional measure-
ments at 48 hours. The median (IQR) initial PCT and lactate levels were 0.625ng/mL (0.043-100) and 15.8 mg/dL (5.8—

154.6), respectively.

Factors associated with mortality of severe sepsis or septic shock

An initial PCT concentration>2ng/mL was not significantly associated with mortality (OR = 1.17; 95% CI: 0.44-3.16,
p=0.8). By contrast, patients with an initial lactate >4 mg/dL were at significantly higher risk of death (aOR = 2.80; 95% CI:
1.23-6.41, p=0.015). Notably, reduced PCT clearance at 24 hours was strongly linked to higher mortality (aOR = 2.79;
95% CI: 1.11-7.01, p=0.029) (Table 2). The AUROC for 24-hour PCT clearance to predict mortality was 0.71 (95% CI:
0.63-0.80), indicating acceptable discrimination (Fig 2).

Discussion

In this retrospective study of pediatric severe sepsis and septic shock, we found that initial serum PCT levels alone did not
correlate significantly with mortality. In contrast, early blood lactate >4 mg/dL was associated with a higher risk of death,
consistent with the well-documented link between hyperlactatemia and poor outcomes in sepsis [9,10]. Notably, a reduc-
tion in PCT clearance by 24 hours was independently associated with higher mortality, reinforcing the clinical relevance of

dynamic PCT trends in pediatric sepsis.

Table 1. Demographic characteristics of children with severe sepsis or septic shock admitted to the pediatric intensive care unit.

Characteristics Total Death Survivors
(N=242) (N=64) (N=178)
Gender, n (%)

Male 107 (44.2) 27 (42.2) 80 (44.9)
Female 135 (55.8) 37 (57.8) 98 (55.1)
Age (years), median (IQR) 5.3(1.2-12.4) 2.5(0.5-10.8) 7 (1.8-12.8)

Preexisting co-morbidities, n (%)
No underlying disease 152 (62.8) 42 (65.6) 110 (61.8)
Hemato-oncologic malignancy 55 (22.7) 16 (25) 39 (21.9)
Immunologic disorders 28 (11.6) 1(1.56) 6 (3.4)
Chronic kidney disease 7(2.9) 5(7.8) 23 (7.8)
Length of stay, median (IQR) 20 (9-42) 14.5 (5-35) 23 (10-47)
https://doi.org/10.137 1/journal.pone.0324980.t001
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Fig 1. The distribution of preexisting co-morbidities across each age group among children with severe sepsis or septic shock admitted to

the pediatric intensive care unit.

https://doi.org/10.1371/journal.pone.0324980.9001

Table 2. Factors associated with mortality of severe sepsis or septic shock in children admitted to the pediatric intensive care unit.

‘ Crude

Variables Outcome Adjusted 95%CI p-value
Death Survivors odds ratio odds ratio
(N=64) (N=178)
Age
<1 years 22 (34.38) 31(17.42) Reference Reference
1-<3 years 12 (18.75) 23 (12.92) 0.74 0.73 0.28-1.92 0.520
3-<5 years 7 (10.94) 20 (11.24) 0.49 0.81 0.27-2.47 0.717
5-12 years 12 (18.75) 62 (34.83) 0.27 0.35 0.15-0.84 0.019
>12—18 years 11 (17.19) 42 (23.60) 0.37 0.40 0.16-0.89 0.048
Initial lactate
< 2 mmol/L 23 (35.94) 55 (30.90) Reference Reference
2-4 mmol/L 9 (14.06) 17 (9.55) 1.27 1.21 0.46-3.17 0.700
> 4 mmol/L 22 (34.38) 17 (9.55) 3.09 2.80 1.23-6.41 0.015
Procalcitonin clearance at 24 hours
Increase 11 (23.91) 59 (59.00) Reference Reference
Decrease 35 (76.09) 41 (41.00) 4.58 2.79 1.11-7.01 0.029

https://doi.org/10.1371/journal.pone.0324980.t002

These findings align with reports from adult populations, where PCT clearance has been identified as a more reliable
prognostic marker than a single PCT measurement [11,14]. Slower or absent declines in PCT may signify ongoing inflam-
mation or suboptimal source control, factors that can lead to worse outcomes [16]. While PCT has become a useful tool in
some adult sepsis protocols, data in pediatric cohorts remain limited. Our study contributes evidence that PCT clearance

can similarly stratify risk among critically ill children with sepsis.

Clinically, PCT clearance could serve as an adjunctive measure to track response to therapy [17]. Under conditions of
sepsis, microbes and their antigens activate a variety of anti-inflammatory mediators, which subsequently initiate the host
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Fig 2. Receiver Operating Characteristic (ROC) Curve for 24-hour PCT clearance in predicting mortality among children with severe sepsis or
septic shock admitted to the pediatric intensive care unit.

https://doi.org/10.1371/journal.pone.0324980.9002

immune response [18]. Therefore, PCT serves as a valuable tool for monitoring antimicrobial treatment protocols. Per-
sistently elevated or increasing levels of PCT may encourage clinicians to reevaluate the antimicrobial regimen, search
for undiscovered sources of infection, or escalate supportive care. Conversely, a rapid decline in PCT could support de-
escalation strategies, especially in settings where antibiotic stewardship is a priority [19]. However, our data also highlights
that PCT alone cannot be used in isolation. Lactate and other clinical parameters remain invaluable, and future research
could explore combined biomarker approaches.

Several limitations warrant consideration. First, this single-center study may not capture the full heterogeneity of pediat-
ric sepsis, limiting the generalizability of our findings. Second, some children received antibiotics before transferring to our
tertiary care center, potentially influencing baseline PCT levels and blood culture results. Third, we did not evaluate daily
severity of illness scores (e.g., PRISM-III) for correlation with PCT dynamics. Finally, incomplete PCT measurements at 48
or 72 hours in some patients reduced our sample size for later time points. Further prospective, multi-center studies are
needed to confirm the prognostic utility of PCT clearance and to define optimal threshold values. Investigations integrating
PCT clearance with established severity-of-illness scores or with other biomarkers such as CRP and lactate may offer
more comprehensive risk stratification models. In this study, we focused on in-hospital mortality rather than LOS; there-
fore, we did not analyze the correlation between initial PCT levels and LOS. We acknowledge this as a limitation, and
future research should investigate the potential associations between PCT levels, LOS, and treatment effectiveness to fur-
ther clarify the clinical utility of PCT. Patients with immune disorders included individuals across various age groups. Due
to a limited sample size, we did not analyze PCT clearance specifically by age for this subgroup. Future research should
further explore subgroup differences in PCT clearance to enhance our understanding of clinical outcomes. Additionally,
randomized controlled trials examining how PCT-guided therapeutic modifications affect clinical outcomes in pediatric sep-
sis could yield important insights.

Conclusion

Our study provides evidence that a decline in PCT clearance within the first 24 hours of severe sepsis or septic shock is
significantly associated with mortality in children. Although an initial PCT measurement alone did not predict outcomes,
serial PCT assessments and trends offer meaningful prognostic information. Monitoring PCT kinetics may help guide
clinical decision-making and highlight patients at heightened risk but should be used in conjunction with other clinical and
biochemical markers for a comprehensive evaluation.
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