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INTRODUCTION

ABSTRACT

Background: Sepsis is a life-threatening condition caused by a dysregulated host
response to infection and is associated with high morbidity and mortality
worldwide. Early diagnosis and prompt initiation of treatment are critical for
improving patient outcomes. Conventional diagnostic methods such as blood
cultures often require prolonged time and may yield false-negative results.
Procalcitonin (PCT), a precursor of the hormone calcitonin, has emerged as a
promising biomarker for early detection of bacterial infections and sepsis.
Objective: To evaluate the role of procalcitonin as an early and sensitive biomarker
for the diagnosis of sepsis and to assess its association with disease severity and
progression in patients.

Materials and Methods: This prospective observational study included 100
patients with suspected sepsis admitted to a tertiary care hospital. Demographic
details, clinical presentation, microbiological investigations, and serum
procalcitonin levels were analyzed. Blood cultures were performed using standard
microbiological techniques. PCT levels were measured using immunoassay
methods and correlated with culture positivity and clinical severity.

Results: Among the 100 patients included in the study, the majority belonged to the
>60 years age group (24%0), and 58% were males. Blood cultures were positive in
62% of cases, with Escherichia coli being the most common isolate (29%).
Elevated procalcitonin levels (>2 ng/mL) were observed in 58% of patients and
were significantly associated with culture-positive sepsis. Higher PCT levels were
also correlated with severe sepsis and septic shock.

Conclusion: Procalcitonin is a valuable biomarker for the early diagnosis of
bacterial sepsis and correlates well with disease severity. Measurement of PCT
levels may aid clinicians in early detection, risk stratification, and timely
management of septic patients.
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Sepsis is a major global health problem characterized by life-threatening organ dysfunction resulting from a dysregulated
host response to infection. Despite advances in medical care, sepsis remains a leading cause of morbidity and mortality in
hospitalized patients worldwide. According to recent global estimates, millions of cases of sepsis occur annually, leading
to a significant burden on healthcare systems and contributing substantially to intensive care unit admissions and deaths

[1]
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Early recognition and timely management of sepsis are critical in improving patient survival. However, the diagnosis of
sepsis is often challenging due to its nonspecific clinical manifestations and overlap with other inflammatory conditions.
Traditional diagnostic methods such as blood cultures remain the gold standard for identifying causative pathogens, but
they have several limitations, including prolonged turnaround time and reduced sensitivity, especially in patients who
have already received antibiotic therapy [2].

In recent years, there has been increasing interest in identifying reliable biomarkers that can facilitate the early diagnosis
of sepsis and guide therapeutic decisions. Among these, procalcitonin has emerged as a promising biomarker for bacterial
infections. Procalcitonin is a peptide precursor of the hormone calcitonin, normally produced in the thyroid gland. Under
physiological conditions, circulating levels of procalcitonin are extremely low. However, during systemic bacterial
infections, procalcitonin production is markedly increased and released into the bloodstream [3].

The elevation of procalcitonin levels in bacterial infections is thought to occur due to stimulation by bacterial endotoxins
and inflammatory cytokines such as tumor necrosis factor-alpha and interleukin-6. Unlike other inflammatory markers
such as C-reactive protein (CRP), procalcitonin levels rise rapidly within a few hours of infection and correlate with the
severity of the disease [4].

Several studies have demonstrated that procalcitonin can be used not only for early diagnosis of sepsis but also for
differentiating bacterial infections from viral or non-infectious inflammatory conditions. This makes PCT a valuable tool
in clinical practice for guiding antibiotic therapy and reducing unnecessary antibiotic use [5].

Moreover, monitoring serial procalcitonin levels may help assess the response to treatment and predict disease prognosis.
Elevated PCT levels have been associated with severe sepsis, septic shock, and increased mortality rates in critically ill
patients [6].

Despite these advantages, the clinical utility of procalcitonin in diagnosing sepsis and predicting outcomes varies among
different populations and clinical settings. Therefore, further studies are needed to evaluate its diagnostic accuracy and
clinical significance in diverse patient groups.

The present study was conducted to evaluate the role of procalcitonin as an early and sensitive biomarker for sepsis in
patients admitted to a tertiary care hospital and to determine its association with bacterial infections and disease severity.

MATERIALS AND METHODS
This was a prospective observational study conducted in the Department of Biochemistry in collaboration with the
Department of Medicine of a tertiary care hospital JLMCH Bhagalpur.

Study Duration
The study was conducted over a period of one year.

Study Population
A total of 100 patients clinically suspected of sepsis were included in the study.

Sample Collection
Blood samples were collected under strict aseptic precautions from patients suspected of sepsis. Samples were processed
for:

e Blood culture

e  Procalcitonin estimation

e Routine laboratory investigations

Microbiological Analysis
Blood cultures were performed using standard microbiological techniques. Isolates were identified based on colony
morphology, Gram staining, and biochemical tests.

Procalcitonin Estimation
Serum procalcitonin levels were measured using an immunoassay-based automated analyzer. The results were
interpreted as:

PCT Level Interpretation

<0.5 ng/mL Low risk of bacterial infection

0.5-2 ng/mL Possible infection

2—10 ng/mL Likely bacterial sepsis

>10 ng/mL Severe sepsis/septic shock
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INCLUSION CRITERIA
1. Patients clinically suspected of sepsis

2. Patients admitted to ICU or medical wards

3. Patients aged 18 years and above

4. Patients who provided informed consent
EXCLUSION CRITERIA

1. Patients receiving long-term antibiotic therapy

2. Patients with chronic inflammatory diseases

3. Patients with malignancy

4. Patients with incomplete clinical data
Statistical Analysis

Data were entered in Microsoft Excel and analyzed using statistical software. Results were expressed in percentages and
frequencies.

RESULTS
A total of 100 patients with suspected sepsis were included in the study. Various demographic, clinical, microbiological,

and biochemical parameters including procalcitonin (PCT) levels were analyzed.

Table 1: Age Distribution of Study Participants (n=100)

Age Group (Years) Number of Cases Percentage (%)
18-30 22 22%

31-40 18 18%

41-50 20 20%

51-60 16 16%

>60 24 24%

Total 100 100%

The majority of patients belonged to the >60 years age group (24%), followed by 18-30 years (22%) and 41-50 years
(20%). This indicates that sepsis was more common in elderly individuals.

The age distribution of the study population showed that sepsis occurred across a wide range of age groups. The highest
number of patients belonged to the >60 years age group (24%), followed by 18-30 years (22%) and 41-50 years
(20%). Patients in the 31-40 years age group accounted for 18%, while 16% belonged to the 51-60 years age group.
The findings indicate that although sepsis affects individuals of all ages, it was relatively more common among elderly
patients in the present study, which may be attributed to decreased immunity, presence of comorbidities, and increased
susceptibility to infections in older individuals.

Table 2: Gender Distribution

Gender Number of Cases Percentage (%)
Male 58 58%

Female 42 42%

Total 100 100%

Among the study population, 58% were males and 42% were females, indicating a slight male predominance among
patients with suspected sepsis.

Gender-wise distribution revealed that 58%o of the patients were males and 42% were females, showing a slight male
predominance in the study population. This higher prevalence among males may be due to increased exposure to
environmental risk factors, higher incidence of comorbid conditions, and differences in healthcare-seeking behavior.
However, sepsis affected both genders significantly, emphasizing that it remains an important clinical concern across the
entire population.

Table 3: Clinical Diagnosis of Patients

Clinical Condition Number of Cases Percentage (%)
Septicemia 40 40%

Pneumonia 22 22%

Urinary Tract Infection 18 18%
Intra-abdominal infection 12 12%

Others 8 8%

Total 100 100%
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The most common clinical condition associated with sepsis was septicemia (40%), followed by pneumonia (22%) and
urinary tract infection (18%).

The clinical diagnosis among the study participants showed that septicemia was the most common presentation,
accounting for 40% of cases. This was followed by pneumonia (22%) and urinary tract infections (18%), which are
well-known sources of systemic infection leading to sepsis. Intra-abdominal infections constituted 12%, while other
infections accounted for 8% of cases. These findings highlight that bloodstream infections and respiratory infections
are major contributors to sepsis in hospitalized patients.

Blood culture analysis demonstrated that 62% of patients were culture positive, whereas 38% were culture negative.
The relatively high culture positivity rate indicates a significant burden of bacterial infections among suspected sepsis
patients. However, a considerable proportion of culture-negative cases was also observed, which may be due to prior
antibiotic therapy, low bacterial load, or infections caused by fastidious organisms that are difficult to grow in
conventional culture media.

Table 4: Blood Culture Results

Culture Result Number of Cases Percentage (%)
Culture Positive 62 62%

Culture Negative 38 38%

Total 100 100%

Out of 100 cases, 62% showed positive blood culture, while 38% were culture negative, suggesting possible prior
antibiotic therapy or non-bacterial infections.

Among the 62 culture-positive cases, the most commonly isolated organism was Escherichia coli (29%), followed by
Staphylococcus aureus (19%) and Klebsiella pneumoniae (16%6). Other organisms included Pseudomonas
aeruginosa (15%), Acinetobacter species (13%), and other bacterial isolates (8%6). The predominance of gram-
negative organisms in the present study indicates their major role in causing sepsis in hospitalized patients, although
gram-positive pathogens also contributed significantly.

Table 5: Distribution of Bacterial Isolates (n=62)

Organism Number of Isolates Percentage (%)
Escherichia coli 18 29%
Staphylococcus aureus 12 19%

Klebsiella pneumoniae 10 16%
Pseudomonas aeruginosa 9 15%
Acinetobacter spp. 8 13%

Others 5 8%

Total 62 100%

The most frequently isolated organism was E. coli (29%), followed by Staphylococcus aureus (19%) and Klebsiella
pneumoniae (16%).
Distribution of Bacterial Isolates (n=62)
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Graph 1: Distribution of Bacterial Isolates (n=62)
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Analysis of serum procalcitonin levels revealed that 36% of patients had PCT levels between 2-10 ng/mL, which is
suggestive of significant bacterial infection. Twenty-two percent of patients had PCT levels greater than 10 ng/mL,
indicating severe systemic infection or septic shock. Meanwhile, 24% had PCT levels between 0.5-2 ng/mL, and 18%
had levels below 0.5 ng/mL. These findings demonstrate that elevated PCT levels were commonly observed among
patients with suspected sepsis and may serve as an important marker for bacterial infection.

Table 6: Procalcitonin (PCT) Levels in Study Population

PCT Level (ng/mL) Number of Cases Percentage (%)
<0.5 18 18%

0.5-2 24 24%

2-10 36 36%

>10 22 22%

Total 100 100%

Most patients (36% ) had PCT levels between 2—10 ng/mL, indicating significant bacterial infection. 22% showed very
high levels (>10 ng/mL) suggesting severe sepsis.

Table 7: Correlation of PCT with Culture Positivity

PCT Level (ng/mL) Culture Positive Culture Negative Total
<0.5 5 13 18
0.5-2 12 12 24
2-10 28 8 36
>10 17 5 22
Total 62 38 100

Higher PCT levels were significantly associated with culture-positive sepsis. Most culture-positive cases were observed
in patients with PCT levels >2 ng/mL.

The correlation between PCT levels and blood culture results revealed that higher PCT levels were strongly associated
with culture positivity. Among patients with PCT levels between 2-10 ng/mL., 28 cases were culture positive, while
17 culture-positive cases were observed in patients with PCT levels greater than 10 ng/mL. In contrast, lower PCT
levels were more frequently associated with culture-negative cases. This observation supports the role of procalcitonin as

a reliable biomarker for bacterial infections and highlights its usefulness in early diagnosis of sepsis.

Table 8: Severity of Sepsis Based on PCT Levels

Severity Number of Cases Percentage (%)
Mild Sepsis 32 32%

Severe Sepsis 40 40%

Septic Shock 28 28%

Total 100 100%

The majority of patients (40%) had severe sepsis, followed by septic shock (28%) and mild sepsis (32%).

Assessment of sepsis severity showed that 40% of patients were diagnosed with severe sepsis, while 32% had mild
sepsis and 28% developed septic shock. Higher PCT levels were generally observed in patients with severe sepsis and
septic shock, suggesting a direct relationship between elevated procalcitonin levels and disease severity. This indicates
that PCT may also be useful in assessing the progression and severity of sepsis in clinical settings.

Table 9: Outcome of Patients

QOutcome Number of Cases Percentage (%)
Recovered 74 74%

Expired 26 26%

Total 100 100%

Out of the 100 patients, 74% recovered, while 26% died, indicating significant mortality associated with severe sepsis.

The outcome analysis revealed that 74% of patients recovered following treatment, while 26% succumbed to the
illness. Mortality was observed more frequently among patients with higher PCT levels and severe sepsis or septic shock.
These findings emphasize the importance of early diagnosis and prompt management of sepsis to reduce mortality rates.
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Furthermore, monitoring PCT levels may help clinicians assess prognosis and guide therapeutic decisions in critically ill
patients.

DISCUSSION

Sepsis continues to be a major cause of morbidity and mortality worldwide, particularly among hospitalized and critically
ill patients. Early diagnosis remains a key challenge in the management of sepsis due to the nonspecific nature of its
clinical manifestations. In recent years, there has been increasing emphasis on the identification of reliable biomarkers
that can aid in early diagnosis and timely management of sepsis. Procalcitonin has emerged as one of the most promising
biomarkers for bacterial infections and sepsis due to its rapid rise in response to systemic infection and its correlation
with disease severity [3,5].

In the present study, the majority of patients belonged to the older age group, with the highest proportion observed among
individuals above 60 years of age. Increased susceptibility to sepsis among elderly individuals has been reported in
several studies and may be attributed to reduced immune function, multiple comorbid conditions, and increased exposure
to healthcare settings [14]. Age-related immune dysfunction has been recognized as an important factor contributing to
increased infection risk and severity of systemic inflammatory responses in elderly patients [14].

The gender distribution in our study demonstrated a slight male predominance. Similar findings have been reported in
previous studies where male patients were more frequently affected by sepsis compared to females. This difference may
be attributed to hormonal influences, differences in immune response, and increased exposure to environmental and
occupational risk factors among males [14].

Blood culture positivity was observed in a significant proportion of patients in the present study. Blood culture remains
the gold standard for identification of causative organisms in sepsis; however, it has several limitations including delayed
results and reduced sensitivity in patients who have already received antibiotic therapy [2]. Previous studies have also
reported that blood cultures may remain negative in a considerable number of clinically suspected sepsis cases due to low
bacterial load or infections caused by fastidious organisms [2].

Among the bacterial isolates identified in our study, gram-negative organisms such as Escherichia coli and Klebsiella
pneumoniae were predominant. Similar findings have been reported in several studies conducted in tertiary care hospitals
where gram-negative pathogens are commonly implicated in bloodstream infections and sepsis [1]. The increasing
prevalence of gram-negative infections is also associated with antimicrobial resistance, which poses additional challenges
in clinical management [1].

The evaluation of serum procalcitonin levels in our study revealed that elevated PCT levels were strongly associated with
bacterial infections. Procalcitonin is produced in response to bacterial endotoxins and inflammatory cytokines, leading to
increased circulating levels during systemic infections [3]. Under normal physiological conditions, procalcitonin levels
remain extremely low; however, during bacterial sepsis, they may increase significantly within a few hours of infection

[4].

Several studies have demonstrated that procalcitonin is more specific for bacterial infections compared to other
inflammatory markers such as C-reactive protein (CRP). Unlike CRP, which may increase in various inflammatory
conditions, procalcitonin levels are more closely associated with bacterial infections and systemic inflammatory
responses [12]. This makes PCT a valuable biomarker for differentiating bacterial infections from viral or non-infectious
inflammatory conditions [12].

In the present study, higher procalcitonin levels were observed among patients with culture-positive sepsis. Similar
observations have been reported in previous studies where elevated PCT levels were significantly associated with
positive microbiological cultures and bacterial infections [8]. The diagnostic accuracy of procalcitonin for detecting
bacterial sepsis has been widely documented in several clinical studies and meta-analyses [8,9].

Another important observation in our study was the correlation between elevated procalcitonin levels and severity of
sepsis. Patients with severe sepsis and septic shock demonstrated significantly higher PCT levels compared to those with
mild infection. This finding is consistent with previous reports that demonstrated a strong association between increased
PCT concentrations and severity of infection as well as organ dysfunction [10].

Procalcitonin levels have also been shown to have prognostic value in patients with sepsis. Higher levels of PCT are
associated with increased mortality and poor clinical outcomes. Monitoring PCT levels over time may therefore help
clinicians assess treatment response and predict patient prognosis [11].
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Furthermore, early identification of sepsis using biomarkers such as procalcitonin may facilitate prompt initiation of
antimicrobial therapy. Timely administration of appropriate antibiotics is one of the most critical factors influencing
survival in septic patients [7]. Studies have shown that delays in antibiotic therapy are associated with increased mortality
in patients with septic shock [7].

In addition to its diagnostic value, procalcitonin has also been utilized as a guide for antibiotic stewardship. Several
clinical trials have demonstrated that PCT-guided antibiotic therapy can reduce unnecessary antibiotic use without
compromising patient safety [5]. This approach may help reduce antimicrobial resistance and improve overall patient
management.

Overall, the findings of the present study support the clinical utility of procalcitonin as an early diagnostic and prognostic
biomarker in patients with suspected sepsis. Elevated PCT levels were significantly associated with bacterial infection,
culture positivity, and severity of disease. Therefore, procalcitonin measurement may serve as a valuable tool in the early
diagnosis and management of sepsis in hospitalized patients.

CONCLUSION

Procalcitonin is a reliable and sensitive biomarker for the early diagnosis of bacterial sepsis. Elevated PCT levels
correlate well with culture positivity and severity of infection. Measurement of procalcitonin levels can assist clinicians
in early detection of sepsis, guiding antibiotic therapy, and improving patient management.
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LIMITATIONS OF THE STUDY
e  The study included a relatively small sample size (100 cases).

e It was conducted at a single tertiary care center.

e  Serial monitoring of procalcitonin levels was not performed in all patients.

e Viral and fungal infections were not extensively evaluated.
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