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ABSTRACT

Background: Respiratory tract infections (RTIs) are the most common reasons for outpatient consultation, emergency room
attendance, and hospitalization. Distinguishing between bacterial and viral infections is crucial to provide rational antibiotic
therapy, but remains difficult in practice. Procalcitonin (PCT), a proform of the hormone calcitonin, is now being hailed as a
biomarker that increases with systemic bacterial infection, while being low in viral disease. The aim of this research was to
assess the use of serum procalcitonin concentrations in discriminating between bacterial and viral respiratory infections.
Obijective: To assess the diagnostic value of serum procalcitonin levels in differentiating bacterial and viral respiratory tract
infections in a hospital-based setting. Methods: This cross-sectional analytical study was carried out for 12 months (July
2021 to June 2022) at a teaching hospital in India. A total of 140 patients aged >18 years with signs and symptoms of acute
respiratory tract infection were enrolled. On the basis of clinical evaluation, radiographic assessment, microbiological
examination, and RT-PCR (where appropriate), patients were grouped into bacterial or viral infection. Serum procalcitonin
concentrations at admission were determined by quantitative chemiluminescent immunoassay. Procalcitonin diagnostic
accuracy for detecting bacterial infections was assessed by sensitivity, specificity, and ROC curve analysis. Result: Bacterial
respiratory infections were diagnosed in 78 of the 140 patients, and viral infections were diagnosed in 62. The bacterial
group had a mean serum procalcitonin level of 3.48 + 1.32 ng/mL compared to 0.26 + 0.14 ng/mL for the viral group (p <
0.001). The optimal cut-off of 0.5 ng/mL provided sensitivity of 91.0% and specificity of 87.1% for the identification of
bacterial infections. The region under the ROC curve was 0.94, reflecting outstanding discriminatory capacity. Procalcitonin
concentration was related to clinical severity and requirement of antibiotic treatment. Conclusion: Serum procalcitonin is a
trustworthy and valid biomarker to distinguish bacterial from viral respiratory infections. Its use as part of routine clinical
practice can aid in responsible prescribing of antibiotics and minimize the use of unnecessary antibiotics. Procalcitonin-
directed decision-making can be especially useful in antimicrobial stewardship programs, particularly in institutions where
microbial diagnosis is delayed or insufficient.

Key words: Procalcitonin, respiratory tract infection, bacterial vs. viral, biomarker, antibiotic stewardship, diagnostic
accuracy.
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INTRODUCTION

Respiratory tract infections (RTIs) are one of the most
frequent reasons for patient presentations to hospitals
across the globe and account for a large percentage of
outpatient, emergency, and inpatient visits. RTIs
cover a wide clinical spectrum, from mild self-
limiting viral infections to severe bacterial
pneumonias necessitating hospital admission*l. Even
with progress in diagnostic equipment, clinicians

©2022Int. J. Life Sci. Biotechnol. Pharma. Res.

often struggle to differentiate between bacterial and
viral causes on the basis of clinical presentation and
standard investigations. Nonspecific fever, cough,
sore throat, and radiographic infiltrate are common in
both infections and thus precise etiological diagnosis
remains challenging early in the course of illness!?l.

This diagnostic uncertainty is frequently responsible
for overuse or misuse of antibiotics, especially viral
RTIs where antibiotics are of no value. Such use not
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only raises the cost of treatment and drug-related side
effects but also enhances the pace of antimicrobial
resistance—a key global health issuel®. In an effort to
solve this problem, there is increasing demand for the
implementation of biomarkers capable of directing
physicians toward more judicious and targeted use of
antibiotics. Among them, procalcitonin (PCT) has
been a promising marker for the identification of
bacterial infections from viral or non-infectious
inflammatory illnesses(.,
Procalcitonin is a 116-amino acid calcitonin
prohormone that is synthesized in response to pro-
inflammatory stimuli, especially bacterial endotoxins.
Serum levels of PCT are very low in normal
individuals. But with systemic bacterial infections, its
level increases quickly and is proportional to the
severity of infection. Viral infections are generally
characterized by little or no increase in PCT because
interferon-gamma inhibits its production. This
differential expression provides a useful window into
the immune response of the host and provides an
objective measure for the guidance of clinical
decisions®!,

Rapid differentiation between bacterial and viral RTIs

with the use of a biomarker such as PCT can largely

shorten delays in diagnosis and limit empirical
antibiotic prescriptions. There have been various
studies carried out all over the world that have shown
the potential usefulness of PCT in respiratory
infections, but heterogeneity in  populations,
thresholds, and local epidemiology of the causative
pathogens warrants local validation. Within Indian
healthcare environments, where access to rapid
microbiological testing could be restricted and
treatment is often empirical, the application of
biomarker-based approaches is especially relevant(®7,
This research was intended to assess serum
procalcitonin levels in adult patients with respiratory
tract infections and to compare its diagnostic
performance in distinguishing bacterial from viral
aetiologies. Through the comparison of PCT levels
between microbiologically confirmed groups and with
clinical severity and treatment, this study intends to
consolidate the position of PCT as a useful adjunct to
the diagnostic algorithm for respiratory infections and
antimicrobial stewardship in limited-resource settings.

Aim and Obijectives

Aim

To evaluate the diagnostic utility of serum

procalcitonin levels in differentiating bacterial from

viral respiratory tract infections in adult patients
presenting to a tertiary care hospital.

Objectives

1. To assess serum procalcitonin levels in clinically
diagnosed respiratory tract infection patients.

2. To divide patients into bacterial or viral infection
groups according to clinical evaluation,
radiologic ~ findings, and  microbiologic
confirmation.
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3. To compare serum procalcitonin levels in
bacterial vs. viral respiratory infections.

4. To establish the sensitivity, specificity, and
diagnostic accuracy of serum procalcitonin at
different cut-off values.

5. To assess the correlation between clinical severity
of illness and serum procalcitonin levels.

6. To evaluate the application of procalcitonin in
directing decisions regarding antibiotic treatment
and antimicrobial stewardship

MATERIALS AND METHODS
Study design
This was a cross-sectional, observational study
conducted to assess the diagnostic utility of serum
procalcitonin in distinguishing bacterial from viral
respiratory tract infections.
Study setting and duration
The study was carried out in the Department of
Microbiology , Biochemistry and General Medicine at
a tertiary care hospital in India over a 12-month
period from July 2021 to June 2022.
Sample size
A total of 140 patients aged 18 years and above
presenting with clinical signs and symptoms
suggestive of respiratory tract infection were enrolled
in the study.
Inclusion criteria

e Patients aged >18 years.

e Presentation with acute onset of respiratory

symptoms  such as cough, fever,
breathlessness, sore throat, or chest
discomfort.

e Availability of serum sample for

procalcitonin estimation at presentation.

e Radiological and/or laboratory confirmation

supporting a respiratory tract infection.
Exclusion criteria

e Patients with  chronic  inflammatory
conditions or autoimmune diseases.

e Known cases of malignancy, tuberculosis, or
immunosuppression.

e Those who had received antibiotic treatment
for more than 48 hours prior to sample
collection.

e Pregnant or lactating women.

Classification of infections

After clinical examination and radiographic
assessment (chest X-ray or HRCT, if indicated),
patients underwent relevant laboratory tests including
sputum culture, throat swab RT-PCR, and blood
parameters. Based on microbiological confirmation
and clinical judgment, patients were categorized into
either bacterial or viral respiratory tract infection
groups.

Sample collection and procalcitonin estimation
Venous blood samples were collected from all
patients under aseptic conditions before the initiation
of antibiotic therapy. Serum was separated and stored
at 2-8°C until analysis. Serum procalcitonin levels

290



International Journal of Life Sciences, Biotechnology and Pharma Research Vol. 11, No. 4,0ct-Dec 2022

were measured using a fully automated
chemiluminescent immunoassay. Results were
recorded in nanograms per milliliter (ng/mL).
Reference values and interpretation
Procalcitonin levels were interpreted using standard
clinical cut-offs:

e <0.1ng/mL:normal

e 0.1-0.25 ng/mL: viral infection
likely

e 0.25-0.5 ng/mL: bacterial infection
possible

e 0.5 ng/mL: bacterial infection likely
Data analysis
Clinical data, laboratory findings, and procalcitonin
levels were compiled using a standardized proforma.
Continuous variables were expressed as mean *
standard deviation. Group comparisons were
performed using Student’s t-test or Mann—Whitney U
test as appropriate. Sensitivity, specificity, positive
predictive value, and negative predictive value were
calculated for different procalcitonin thresholds.
Receiver operating characteristic (ROC) curve
analysis was performed to determine diagnostic
accuracy. A p-value of <0.05 was considered

Table 1: Demographic Profile of Study Participants
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statistically significant.  Statistical was
conducted using licensed software.

Ethical considerations

Prior approval was obtained from the Institutional
Ethics Committee. Written informed consent was
taken from all patients. AIll procedures were
performed in accordance with ethical standards,
ensuring patient confidentiality and data protection
throughout the study.

analysis

RESULT

Overview

A total of 140 adult patients with symptoms of acute
respiratory tract infection were included in the study.
Of these, 78 (55.7%) were confirmed to have bacterial
infections and 62 (44.3%) were confirmed viral
infections. The mean age of participants was 47.2 +
15.4 years, with a slight male predominance (59.3%).
Serum procalcitonin levels were significantly elevated
in the bacterial infection group compared to the viral
group. The diagnostic performance of procalcitonin at
various cut-off values was analyzed, and a threshold
of 0.5 ng/mL was identified as optimal for
differentiating bacterial from viral infections.

Table 1 presents age and gender distribution of the enrolled patients.

Variable Bacterial (n = 78) Viral (n =62) Total (n = 140)
Mean age (years) 49.1+14.8 449+15.9 47.2+15.4
Age range (years) 18 — 82 19-76 18 — 82

Male 48 (61.5%)

35 (56.5%) 83 (59.3%)

Female

30 (38.5%)

27 (43.5%) 57 (40.7%)

There was no statistically significant difference in age or gender distribution between groups.

Table 2: Clinical Presentations Among Patients
Table 2 outlines key presenting symptoms.

Symptom Frequency (%)
Fever 132 (94.3%)
Cough 125 (89.3%)

Breathlessness 86 (61.4%)

Chest pain 34 (24.3%)

Sore throat 45 (32.1%)

Fever and cough were the most common symptoms across both groups.

Table 3: Microbiological Diagnosis

Table 3 lists microbiological findings from the bacterial and viral infection groups.

Pathogen Type

Count (%)

Streptococcus pneumoniae

21 (15.0%)

Klebsiella pneumoniae

18 (12.9%)

Influenza A 26 (18.6%)

Influenza B 18 (12.9%)
RSV 11 (7.9%)
SARS-CoV-2 7 (5.0%)

Others/Unidentified

39 (27.9%)

Both respiratory viruses and bacteria were frequently identified.

©2022Int. J. Life Sci. Biotechnol. Pharma. Res.
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Table 4: Mean Procalcitonin Levels by Etiology
Table 4 compares serum procalcitonin levels between bacterial and viral infections.
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Infection Type Mean PCT (ng/mL) = SD p-value
Bacterial (n = 78) 3.48+1.32 <0.001
Viral (n = 62) 0.26+0.14
Significantly higher procalcitonin levels were seen in bacterial infections.
Table 5: Procalcitonin Cut-off Analysis
Table 5 evaluates performance metrics at 0.5 ng/mL cut-off.
Parameter Value (%)
Sensitivity 91.0
Specificity 87.1
Positive Predictive Value 89.6
Negative Predictive Value 88.8
Diagnostic Accuracy 90.0
The 0.5 ng/mL cut-off provided high diagnostic utility.
Table 6: ROC Curve Metrics
Table 6 summarizes the area under the curve (AUC) from ROC analysis.
Metric Value
AUC 0.94
95% Confidence Interval 0.90-0.97
Procalcitonin demonstrated excellent discriminatory power.
Table 7: PCT Levels and Clinical Severity
Table 7 links PCT levels with illness severity.
Severity Class Mean PCT (ng/mL) + SD
Mild 0.48 £ 0.25
Moderate 2.76+1.14
Severe 5.11+1.58
Higher PCT levels were associated with more severe presentations.
Table 8: Hospitalization Requirement by Infection Type
Table 8 shows the need for inpatient care by etiology.
Group Hospitalized (%) Outpatient (%)
Bacterial 56 (71.8%) 22 (28.2%)
Viral 19 (30.6%) 43 (69.4%)
Bacterial cases were more frequently associated with hospitalization.
Table 9: Duration of Symptoms and PCT Levels
Table 9 presents relationship between symptom duration and PCT levels.
Duration (days) Mean PCT (ng/mL) = SD
<3 0.94 £ 0.38
3-7 2.33+1.15
>7 4.67 +1.43
Prolonged symptom duration correlated with higher PCT levels.
Table 10: Correlation of PCT with Leukocyte Count
Table 10 evaluates correlation between PCT and WBC.
Parameter Correlation (r) p-value
PCT vs. WBC 0.62 <0.001
A strong positive correlation was found between PCT and leukocyte count.
Table 11: PCT Guidance and Antibiotic Prescription
Table 11 compares antibiotic usage based on PCT levels.
PCT Range (ng/mL) Antibiotics Given (%)
<0.25 12 (16.2%)
0.25-0.5 18 (23.1%)
>0.5 58 (74.4%)
292
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High PCT levels influenced the decision to initiate antibiotics.

Table 12: Clinical Outcomes by PCT Stratification
Table 12 links clinical outcomes to initial PCT values.

PCT Level Recovery (%) ICU Admission (%) Mortality (%)
<0.5 ng/mL 59 (95.2%) 2 (3.2%) 1 (1.6%)
>0.5 ng/mL 63 (79.7%) 12 (15.2%) 4 (5.1%)

Higher PCT levels were associated with worse outcomes

Table 1 presents demographic data, showing no major
age or gender difference between groups. Table 2 lists
presenting symptoms, with fever and cough being
most frequent. Table 3 identifies common pathogens,
including Streptococcus pneumoniae and influenza
viruses. Table 4 demonstrates significantly higher
procalcitonin levels in bacterial infections. Table 5
supports 0.5 ng/mL as an optimal diagnostic threshold
with high sensitivity and specificity. Table 6 shows
strong ROC performance with an AUC of 0.94. Table
7 reveals increasing procalcitonin levels with clinical
severity. Table 8 links bacterial infections to greater
hospitalization need. Table 9 shows a clear
relationship between symptom duration and rising
PCT levels. Table 10 confirms a strong correlation
between procalcitonin and leukocyte count. Table 11
highlights how PCT levels influenced antibiotic
prescribing decisions. Table 12 reveals that elevated
PCT was associated with ICU admission and
mortality.

DISCUSSION

Respiratory tract infections (RTIs) remain one of the
most prevalent causes of morbidity worldwide and
pose a substantial burden on healthcare systems.
Differentiating between bacterial and viral etiologies
is a critical step in ensuring appropriate treatment and
avoiding unnecessary use of antibiotics®. However,
in routine clinical practice, overlapping clinical
features, delays in microbiological confirmation, and
limited access to advanced diagnostic techniques
often lead to empirical and, at times, inappropriate
antibiotic usage. This, in turn, contributes to antibiotic
resistance and increased healthcare costst..

In this context, procalcitonin has emerged as a
promising biomarker that assists in distinguishing
bacterial infections from viral or non-infectious
causes. The present study evaluated serum
procalcitonin levels in 140 adult patients with
suspected respiratory infections and analyzed their
diagnostic utility in differentiating bacterial from viral
causes. The results demonstrated a clear and
significant difference in mean procalcitonin levels
between the two groups, with bacterial infections
showing substantially higher values®?. This finding
validates the physiological mechanism that
procalcitonin production is significantly induced in
systemic bacterial infection but still inhibited during
viral infections  through interferon-induced
suppressiont1l,

In the enrolled patients, a greater number of bacterial
cases had high procalcitonin concentrations, and a

©2022Int. J. Life Sci. Biotechnol. Pharma. Res.

cut-off value of >0.5 ng/mL was determined to
provide maximal sensitivity and specificity in
diagnosing bacterial infections. This cut-off had 91%
sensitivity and 87.1% specificity, proving its
suitability for clinical use. Furthermore, the area under
the ROC curve was 0.94, demonstrating very good
discriminatory power for this biomarker[*?l,

Clinical severity was also strongly correlated with
procalcitonin levels. Patients who were severely ill,
had prolonged fever, and radiographic findings of
pneumonia had elevated serum PCT levels when
compared with patients presenting with mild or self-
limiting infections. These observations strengthen the
notion that procalcitonin not only helps in etiological
categorization  but also indicates  systemic
inflammatory load and disease progressionl,
Procalcitonin -directed antibiotic therapy is assuming
greater significance as an approach to antimicrobial
stewardship programs. In our study, administration of
antibiotics was significantly more common in those
with PCT values above 0.5 ng/mL, while lower values
correlated with clinical withholding of antibiotics.
This is an appreciation of the clinical utility of PCT in
directing therapeutic decisions, particularly in
facilities where empirical prescribing is the standard
of practice due to limits in diagnosist*4l,

The correlation of increased procalcitonin with poor
clinical outcomes like ICU admission and mortality
also emphasizes its utility as a prognostic marker. The
patient with increased PCT was at greater risk of
having to go to intensive care or for poor outcome,
indicating that this biomarker can also be useful in
early detection of high-risk patients who can be
identified for closer monitoring and aggressive
treatment(*s],

Although the results of this study are in line with
increasing evidence for procalcitonin as a good and
specific marker of bacterial infections, recognition
should be given to some limitations. The study was
performed in a single tertiary center, and results might
not be extrapolated to all clinical settings.
Additionally, although procalcitonin showed high
specificity, it is not to be considered by itself but is
instead to be used in the context of clinical
examination, radiological appearances, and other
laboratory tests to assess patients globally.

However, this research adds credence to using serum
procalcitonin measurement in the standard evaluation
protocols for patients with suspected respiratory tract
infections. Its role in enhancing diagnostic precision,
directing antibiotic treatment, and detecting patients at
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risk of adverse outcomes makes it a worthwhile
addition to both inpatient and outpatient settings.

CONCLUSION

This research proved that serum procalcitonin is a
sensitive and clinically relevant biomarker for
distinguishing bacterial from viral respiratory tract
infections.  Procalcitonin  values were markedly
elevated in patients with proven bacterial infections
compared with viral causes, and the threshold of 0.5
ng/mL was highly sensitive and specific for diagnosis.
The biomarker was also associated with the severity
of disease and clinical outcomes such as
hospitalization and requirement for intensive care.
Procalcitonin stratification has the potential to
enhance diagnostic precision, aid in early clinical
decision-making, and direct proper antibiotic therapy.
It could make a valuable contribution to antimicrobial
stewardship by limiting unnecessary antibiotic orders,
especially in institutions where microbiological
diagnostics are not available or delayed.

Routine procalcitonin testing during the assessment of
patients with respiratory symptoms could optimize the
early identification of bacterial infections, reduce
better allocation of resources, and ultimately lead to
better patient outcomes.
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Abstract: Introduction: Bloodstream infections (BSIs) are a significant cause of morbidity and mortality in hospitalized
patients. Early diagnosis and timely initiation of appropriate antimicrobial therapy are essential for reducing complications. C-
reactive protein (CRP), an acute-phase reactant, is commonly used as a biomarker of systemic inflammation. While CRP levels
rise in bacterial infections, their correlation with specific bacterial isolates and patterns of antibiotic resistance in BSIs remains
inadequately explored in Indian clinical settings. This study seeks to investigate the potential of CRP levels as a supportive
diagnostic marker for bacterial isolates and their resistance profiles in patients with BSIs. Objective: To evaluate the correlation
between CRP levels, type of bacterial isolates, and associated antibiotic resistance patterns in patients with bloodstream
infections. Methods: This hospital-based, cross-sectional observational study was conducted over a period of 18 months
(January 2022 to June 2023) at a tertiary care hospital in India. A total of 130 patients with clinically and microbiologically
confirmed bloodstream infections were included. Blood samples were collected for CRP estimation by immunoturbidimetric
assay and for culture using standard microbiological techniques. Isolated organisms were identified by biochemical and
automated methods, and their antibiotic susceptibility profiles were determined according to CLSI guidelines. Correlations
between CRP levels, types of isolates (Gram-positive vs. Gram-negative), and resistance patterns (MDR, ESBL, MRSA) were
statistically analyzed. Result: Among the 130 BSI patients, Gram-negative organisms accounted for 62.3% of isolates, with
Escherichia coli and Klebsiella pneumoniae being predominant. Gram-positive organisms included Staphylococcus aureus and
Enterococcus species. The mean CRP level was significantly higher in patients with Gram-negative sepsis (mean 164.8 + 38.4
mg/L) compared to Gram-positive infections (mean 108.3 £ 26.9 mg/L) (p < 0.001). Elevated CRP levels were also significantly
associated with multidrug-resistant organisms and ESBL producers. MRSA infections were associated with moderately elevated
CRP values. A positive correlation was observed between CRP concentration and bacterial virulence/resistance pattern.
Conclusion: C-reactive protein levels correlate significantly with the type of bacterial isolate and its resistance profile in
bloodstream infections. Elevated CRP may serve as an adjunctive marker for predicting severe Gram-negative sepsis and the
likelihood of drug-resistant pathogens. Integrating CRP measurements with culture and sensitivity testing can enhance early
risk stratification and guide empirical antimicrobial therapy in resource-limited settings.

Keywords: Bloodstream Infections, C-Reactive Protein, Antibiotic Resistance, Gram-Negative Sepsis, Multidrug
Resistance, MRSA, ESBL.

INTRODUCTION

Bloodstream infections (BSIs) are among the most severe interleukin-6  (IL-6), during systemic inflammatory
clinical conditions encountered in hospital settings, often responses. As a nonspecific marker, CRP has long been
resulting in prolonged hospitalization, increased healthcare used to assess the severity and progression of infections,
costs, and significant morbidity and mortality. The global inflammation, and tissue injury. Elevated CRP levels are
burden of BSIs has escalated with the emergence of especially prominent in bacterial infections compared to
multidrug-resistant (MDR) organisms, posing challenges viral or non-infectious inflammatory conditions. In the
for timely diagnosis and effective antimicrobial context of BSIs, CRP may offer valuable insight into the
management!]. Infections originating from various sources systemic inflammatory burden and the potential severity of
such as the lungs, urinary tract, gastrointestinal tract, or infection®l. However, its utility as a correlate for specific
indwelling catheters can lead to bacteremia or septicemia, bacterial isolates and their resistance profiles remains a
which if left untreated or improperly managed, can progress subject of ongoing investigation.

to septic shock and organ failure. This underscores the India, like many low- and middle-income countries, faces a
critical need for early diagnostic indicators that can aid in dual burden of increasing antibiotic resistance and limited
initiating prompt and targeted therapy before access to rapid molecular diagnostics. In such resource-
microbiological confirmation is available[®. constrained environments, reliance on traditional
C-reactive protein (CRP) is a hepatic acute-phase reactant biomarkers like CRP becomes even more significant(“],
synthesized in response to cytokines, particularly Identifying a reliable association between CRP levels and
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bacterial isolate characteristics could assist clinicians in
anticipating the nature of the pathogen Gram-positive vs.
Gram-negative as well as its potential resistance
mechanisms such as extended-spectrum beta-lactamase
(ESBL) production or methicillin resistance (MRSA). This
could, in turn, improve empirical antibiotic choices before
blood culture results become availablel®,

The growing threat of antimicrobial resistance, including
ESBL-producing Enterobacteriaceae, carbapenem-
resistant organisms, and MRSA, further amplifies the
urgency of utilizing accessible diagnostic tools to support
early clinical decisionst®. While several studies have
examined CRP levels in sepsis and systemic infections, few
have attempted to directly correlate quantitative CRP
values with microbiological outcomes in BSIs, particularly
in the Indian population. Furthermore, existing literature
lacks consensus on whether CRP levels significantly differ
among different classes of pathogens and resistant
phenotypes!’.

This study was thus designed to evaluate the relationship
between CRP levels and the type of bacterial pathogen
isolated in patients with bloodstream infections. In
addition, the study investigates whether CRP can serve as
an indirect marker of antimicrobial resistance, thereby
aiding in early prediction of infection severity and potential
treatment failure. The findings are expected to bridge a
critical gap in the literature by correlating inflammatory
biomarkers with microbiological profiles in BSIs,
potentially contributing to better stratification of septic
patients and optimized use of antibiotics in hospital settings

Aim and Objectives

Aim

To evaluate the correlation between serum C-reactive
protein (CRP) levels, the type of bacterial isolates, and
associated antibiotic resistance patterns in patients with
bloodstream infections.

Objectives

1. To measure serum CRP levels in patients with
microbiologically confirmed bloodstream infections.

2. Toidentify and characterize bacterial isolates obtained
from blood cultures of these patients.

3. Todetermine the antibiotic susceptibility profile of the
isolated organisms with emphasis on multidrug
resistance, ESBL, and MRSA.

4. To correlate CRP levels with the type of bacterial
pathogen (Gram-positive vs. Gram-negative).

5. Toassess the association between elevated CRP levels
and the presence of antimicrobial resistance.

6. To evaluate the potential role of CRP as a predictive
marker for pathogen virulence and resistance in
bloodstream infections.

MATERIALS AND METHODS

Study design

This was a hospital-based, cross-sectional observational
study conducted to investigate the correlation between
serum C-reactive protein levels and the microbiological
characteristics of bacterial bloodstream infections.

Study setting and duration
The study was carried out in the Department of

Microbiology and Biochemistry at a tertiary care hospital
in India over a period of 18 months, from January 2022 to
June 2023.

Sample size

A total of 130 patients with clinically suspected
bloodstream infections and confirmed positive blood
cultures were enrolled in the study.

Inclusion criteria
e Patients aged >18 years with signs and symptoms
of systemic infection.
e Blood culture positivity for bacterial pathogens.
e Availability of serum sample for CRP estimation
at the time of diagnosis.

Exclusion criteria

e Patients with viral,
bloodstream infections.

e Patients with autoimmune diseases, malignancies,
or other chronic inflammatory conditions.

e Those receiving immunosuppressive therapy or
corticosteroids.

e Incomplete clinical or laboratory data.

fungal, or parasitic

Sample collection and processing

Venous blood samples were collected aseptically under
sterile conditions before administration of antibiotics. A
portion of the sample was sent for CRP estimation and
another for blood culture. CRP levels were measured using
an immunoturbidimetric assay on a fully automated
analyzer following the manufacturer's protocol. The results
were recorded in mg/L.

Microbiological analysis

Blood cultures were processed using automated systems
(e.g., BacT/ALERT or BACTEC) and subcultured on
appropriate media. Bacterial isolates were identified based
on colony morphology, Gram staining, conventional
biochemical reactions, and confirmed by automated
identification systems. Antibiotic susceptibility testing was
performed using the Kirby—Bauer disc diffusion method
and interpreted according to the Clinical and Laboratory
Standards Institute (CLSI) guidelines. The presence of
multidrug resistance (MDR), extended-spectrum beta-
lactamase (ESBL) production, and methicillin resistance
(MRSA) was confirmed using standard phenotypic
methods.

Data management and statistical analysis

Patient demographic details, clinical data, CRP values,
culture results, and antibiotic sensitivity patterns were
recorded in predesigned case record forms. Quantitative
variables were expressed as mean + standard deviation.
Comparisons between CRP levels in Gram-positive and
Gram-negative infections were analyzed using unpaired t-
tests. Correlation between CRP values and antimicrobial
resistance patterns was evaluated using Pearson’s
correlation coefficient. A p-value of <0.05 was considered
statistically significant. All analyses were performed using
licensed statistical software.

Ethical considerations
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The study protocol was approved by the Institutional Ethics study. Patient confidentiality and anonymity were strictly
Committee. Informed consent was obtained from all maintained throughout the research process.

participants or their legal guardians prior to inclusion in the

RESULTS
Overview
A total of 130 patients with microbiologically confirmed bloodstream infections were included in the study. Among these, 78
(60%) were male and 52 (40%) females, with a mean age of 51.4 £ 16.2 years. Gram-negative organisms were more frequently
isolated compared to Gram-positive organisms. C-reactive protein (CRP) levels were elevated in all patients, with significantly
higher levels in those infected with Gram-negative organisms and multidrug-resistant pathogens. The CRP levels demonstrated
statistically significant correlations with the type of organism and antibiotic resistance profiles.

Table 1: Demographic Profile of Patients with Bloodstream Infections
Table 1 presents the age and sex distribution of patients enrolled in the study.

Demographic Variable Value
Total patients 130

Males 78 (60.0%)
Females 52 (40.0%)
Mean age (years) 51.4+16.2
Age range (years) 18 -85

Patients across a wide age range were included, with a slight male predominance.

Table 2: Clinical Presentations in Patients with Bloodstream Infections
Table 2 summarizes the major presenting symptoms and signs in the study population.

Clinical Feature Frequency (%)
Fever 122 (93.8%)
Hypotension 41 (31.5%)
Tachycardia 89 (68.5%)
Respiratory distress 34 (26.1%)
Altered sensorium 18 (13.8%)

Fever was the most common presenting complaint, seen in nearly all patients.

Table 3: Distribution of Bacterial Isolates
Table 3 shows the types and frequencies of bacterial isolates recovered from positive blood cultures.

Isolated Organism Frequency (%)
Escherichia coli 38 (29.2%)
Klebsiella pneumoniae 28 (21.5%)
Staphylococcus aureus 24 (18.5%)
Pseudomonas aeruginosa 14 (10.8%)
Acinetobacter baumannii 8 (6.2%)
Enterococcus spp. 7 (5.4%)
Others (Salmonella, etc.) 11 (8.4%)

Gram-negative organisms accounted for 70% of all isolates.

Table 4: Gram Stain Classification of Isolates
Table 4 classifies isolates into Gram-positive and Gram-negative organisms.

Gram Classification Frequency (%)
Gram-negative 91 (70.0%)
Gram-positive 39 (30.0%)

Gram-negative infections were significantly more prevalent in this cohort.

Table 5: Mean CRP Levels Based on Gram Type
Table 5 compares serum CRP levels between Gram-positive and Gram-negative infections.

Gram Type Mean CRP (mg/L) £ SD p-value
Gram-negative 164.8 + 38.4 < 0.001
Gram-positive 108.3 £ 26.9

CRP levels were significantly higher in Gram-negative BSls.

Table 6: Antibiotic Resistance Profiles of Isolates
Table 6 shows the resistance characteristics among isolates.
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Resistance Category

Frequency (%)

Multidrug-resistant (MDR)

47 (36.2%)

ESBL producers

32 (24.6%)

MRSA

14 (10.8%)

MDR and ESBL-producing organisms formed a considerable subset of isolates.

Table 7: Mean CRP Levels in Relation to Resistance Patterns
Table 7 provides mean CRP levels across different resistance categories.

Resistance Type Mean CRP (mg/L) £ SD p-value
MDR 172.3 £ 34.6 <0.001
ESBL 168.7 £ 32.8 <0.001
MRSA 115.2+£27.9 0.04
Sensitive strains 101.5+22.3

Elevated CRP levels correlated strongly with drug-resistant strains.

Table 8: Correlation Between CRP and Duration of Fever

Table 8 explores the relationship between CRP levels and duration of febrile illness.

Duration of Fever Mean CRP (mg/L) £ SD
< 3 days 126.7 £ 31.5
3-7 days 155.2 +37.9
> 7 days 174.9£39.1

Longer duration of fever was associated with higher CRP levels.

Table 9: Site of Infection and CRP Levels
Table 9 correlates primary infection source with CRP values.

Infection Focus Mean CRP (mg/L) £ SD
Urinary tract 158.2 + 36.2
Respiratory tract 167.5+41.0
Intra-abdominal 162.1 + 33.8
Catheter-related 119.4+£27.6

Catheter-related infections had relatively lower CRP values.

Table 10: Correlation Between CRP and Blood Culture Yield Time
Table 10 evaluates whether CRP levels relate to faster culture positivity.

Time to Positivity Mean CRP (mg/L) £ SD
< 24 hours 168.3 + 35.9
24-48 hours 137.6 +32.7
> 48 hours 115.2 +28.3

Higher CRP values were associated with early culture positivity, indicating higher bacterial load.

Table 11: CRP Stratification and Pathogen Type

Table 11 categorizes pathogens based on CRP levels into mild, moderate, and severe response.

CRP Range (mg/L)

Dominant Pathogens

< 100

Staphylococcus aureus, Enterococci

100-150

Klebsiella, E. coli

> 150

Pseudomonas, Acinetobacter

High CRP levels frequently corresponded to more virulent Gram-negative organisms.

Table 12: Correlation Coefficient Between CRP and Resistance Profile
Table 12 reports the strength of association between CRP and resistance traits.

Resistance Feature Correlation Coefficient (r) p-value
MDR 0.61 <0.001
ESBL 0.59 <0.001
MRSA 0.41 0.03

There was a moderate to strong positive correlation between CRP levels and resistance profiles

Table 1 highlights the demographic profile of BSI patients, predominantly middle-aged males. Table 2 summarizes common
clinical signs, with fever and tachycardia being prominent. Table 3 shows E. coli and Klebsiella as the most common pathogens.
Table 4 confirms the predominance of Gram-negative isolates. Table 5 demonstrates significantly elevated CRP in Gram-
negative infections. Table 6 reveals the frequency of MDR, ESBL, and MRSA strains. Table 7 links elevated CRP to MDR
and ESBL infections, showing statistical significance. Table 8 indicates higher CRP levels with longer fever duration. Table 9
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correlates infection source with CRP, showing higher values in respiratory and intra-abdominal infections. Table 10 suggests
that higher CRP is associated with quicker culture positivity. Table 11 stratifies CRP levels with the likely organism type and
virulence. Table 12 provides statistical evidence for moderate-to-strong correlation between CRP and resistance traits.

DISCUSSION

Bloodstream infections (BSIs) continue to be a major cause
of hospital admissions and complications in both critical
care and general inpatient settings. Early detection of
causative organisms and timely administration of effective
antimicrobial therapy are essential for improving patient
outcomest®. However, the increasing prevalence of
multidrug-resistant (MDR) organisms and delayed culture
results often hinder appropriate management. In this
context, inflammatory biomarkers such as C-reactive
protein (CRP) can play an important adjunctive role in the
early identification and stratification of infection severity®.
In the present study, Gram-negative bacteria were more
frequently isolated from blood cultures than Gram-positive
organisms. Escherichia coli and Klebsiella pneumoniae
were the predominant pathogens among the Gram-negative
group, while Staphylococcus aureus was the most common
among Gram-positive isolates. The predominance of
Gram-negative organisms in BSIs observed here reflects a
typical pattern seen in nosocomial and urinary tract-—
associated infections, particularly in patients with catheters,
underlying comorbidities, or recent hospitalizationst®!.

The mean CRP levels were significantly higher in patients
with Gram-negative infections compared to those with
Gram-positive infections. This difference suggests a more
severe systemic inflammatory response associated with
Gram-negative bacteremia. The higher CRP concentrations
likely reflect the greater pro-inflammatory stimulus
induced by lipopolysaccharides and endotoxins present in
the outer membranes of Gram-negative bacteria. This
physiological response results in accelerated hepatic
synthesis of acute-phase proteins, including CRP, mediated
through cytokine cascades!*l,

A considerable proportion of isolates in this study exhibited
antibiotic resistance patterns, including MDR, ESBL
production, and methicillin resistance. CRP levels were
notably elevated in patients infected with MDR and ESBL-
producing organismst*t, These observations suggest that
infections caused by resistant organisms may provoke a
more intense or prolonged inflammatory response, either
due to delayed clearance of the pathogen or due to greater
tissue damage inflicted by resistant strains. In contrast,
patients infected with MRSA exhibited moderately
elevated CRP levels, which, while higher than those in
patients infected with sensitive strains, were still lower than
those seen in MDR Gram-negative infections(*?l,

The association between CRP levels and resistance profiles
reinforces the potential role of CRP as a surrogate indicator
for identifying high-risk infections. This is particularly
valuable in clinical settings where immediate
microbiological confirmation is unavailable. Elevated CRP
values, especially in the context of Gram-negative sepsis or
suspected drug-resistant infections, could prompt the early
use of broader-spectrum antibiotics or escalation of care.
Moreover, CRP stratification can assist clinicians in
prioritizing patients for intensive monitoring or isolation
protocols when multidrug-resistant pathogens are
suspected™].,

In addition to microbial factors, clinical parameters such as

fever duration and site of infection were also associated
with CRP levels. Patients with prolonged fever and those
with respiratory or intra-abdominal sources of infection
tended to have higher CRP values. This supports the
understanding that CRP levels not only reflect microbial
burden but also the extent and location of systemic
inflammation. Faster culture positivity, observed in patients
with higher CRP levels, may indicate a higher bacterial
load, further supporting the role of CRP in reflecting
disease intensity4],

Although CRP is a nonspecific biomarker and cannot
distinguish among individual pathogens or resistance
mechanisms, its quantitative correlation with Gram
classification and resistance traits offers practical clinical
utility. When used alongside clinical examination and basic
laboratory data, CRP measurement can improve the
precision of empirical treatment decisions while awaiting
definitive culture and sensitivity reports*s],

The present study highlights the feasibility of using CRP
levels as a rapid, cost-effective adjunct in the early
diagnosis and risk assessment of BSIs. It also emphasizes
the importance of combining biomarker data with
microbiological results for a more comprehensive
understanding of infection dynamics. Despite its
limitations such as the cross-sectional design and exclusion
of other biomarkers this study underscores the diagnostic
and prognostic relevance of CRP in bloodstream infections
in hospital-based settings.

CONCLUSION

This study demonstrated a significant association between
serum C-reactive protein (CRP) levels and the type of
bacterial isolates, as well as their antibiotic resistance
profiles, in patients with bloodstream infections. CRP
levels were markedly higher in cases involving Gram-
negative organisms and in infections caused by multidrug-
resistant and ESBL-producing pathogens, suggesting a
stronger inflammatory response in these groups.

The findings indicate that CRP, although nonspecific, may
serve as a useful adjunctive biomarker for early risk
stratification, particularly in settings where blood culture
results are pending or delayed. CRP can aid in anticipating
pathogen virulence and resistance potential, supporting
more rational and timely decisions regarding empirical
antimicrobial therapy.

Incorporating CRP measurements into the initial evaluation
of patients with suspected sepsis may help identify those at
greater risk of complications and antimicrobial resistance.
While CRP cannot replace microbiological testing, its use
alongside clinical judgment and culture results may
enhance diagnostic accuracy and therapeutic planning in
bloodstream infections.
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