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ABSTRACT 

Objective: To compare the diagnostic accuracy of serum procalcitonin and C-reactive protein, alone and in 
combination, for differentiating bacterial from viral lower respiratory tract infections. 
Study Design: Prospective observational cohort study 
Place and Duration of Study: This study was conducted at the Pulmonology Deptt, Liaquat University of Medical 
& Health Sciences (LUMHS), Jamshoro between March 2024 to February 2025. 
Methods: Two hundred patients with LRTIs were recruited (120 bacterial, 80 viral). The admission levels of serum 
PCT and CRP were determined using chemiluminescent immunoassay and ELISA, respectively. The etiology of 
bacteria was determined through the culture and sensitivity tests, and the etiology of viral infections was determined 
by PCR. Receiving operating characteristic (ROC) curves were used to evaluate diagnostic accuracy. 
Results: The mean PCT levels were statistically much higher in bacterial LRTIs (5.2 ± 3.1 ng/mL) than viral LRTIs 
(0.4 ± 0.3 ng/mL). Similarly, mean CRP levels were elevated in bacterial (92.1 ± 34.5 mg/L) versus viral infections 
(45.2 ± 29.3 mg/L; p < 0.001). The PCT area under the curve (AUC) was 0.88 (sensitivity: 85%, specificity: 90% at 
cut-off >0.5 ng/mL), and compared to 0.76 of CRP (sensitivity: 70%, specificity: 65% at cut-off >50 mg/L). The 
combination of both biomarkers greatly enhanced diagnostic performance (sensitivity: 92%, specificity: 93%; PPV: 
97%, NPV: 91; p < 0.001). 
Conclusion: Procalcitonin has better diagnostic accuracy than C-reactive protein to differentiate between bacterial 
and viral LRTIs. Both biomarkers combined improve diagnostic performance and clinical decision making and may 
lead to fewer unnecessary antibiotic prescriptions. It is suggested that biomarker thresholds need to be validated 
locally. 
Key Words: Procalcitonin, C-reactive protein, lower respiratory tract infections, bacterial infection, viral infection, 
diagnostic accuracy, biomarker, antimicrobial stewardship. 
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INTRODUCTION 

Bacterial and viral etiologies of lower respiratory tract 
infections (LRTIs) continue to be a major cause of 
morbidity and mortality across the globe, especially 
among children and immunocompromised adults1,2.  
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Clinical distinction between bacterial and viral LRTIs is 

clinically vital because in bacterial cases, antimicrobials 

help whereas in viral ones, they do not, making timely 

and accurate diagnosis pivotal to effective antimicrobial 

stewardship and patient outcomes3. The use of serum 

biomarkers like procalcitonin (PCT) and C reactive 

protein (CRP) to differentiate between these causes are 

often not reliable due to overlapping symptoms and 

signs, necessitating the inclusion of serum biomarkers 

in diagnostic algorithms4. 

Procalcitonin, a precursor to the hormone calcitonin, is 

barely expressed in normal individuals and instead is 

strongly expressed in systemic bacterial infections due 

to endotoxin and pro-inflammatory cytokine 

stimulation, whereas viral infections tend to stimulate 

interferon 7 that suppresses PCT release5. This selective 

regulation causes PCT to be a more specific predictor 

of bacterial infection compared to many conventional 

markers. PCT increases rapidly within 2-6 hours of 

bacterial insult and falls rapidly with resolution, in 
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association with disease activity and supporting its use 

as an active infection marker6. 

C reactive protein, an acute-phase reactant, which is 

produced in the liver in response to inflammation, 

increases in both bacterial and viral infections but tends 

to have a less pronounced and delayed response than 

PCT7. Although high CRP levels are through 

association with the severity of infection and may aid in 

the detection of inflammatory reactions, CRP alone 

does not exhibit enough specificity to reliably 

differentiate between bacterial and viral LRTIs without 

the contextual clinical interpretation and adjunct 

biomarkers8. 

Multiple studies have shown that PCT typically has a 

higher diagnostic accuracy than CRP in differentiating 

between bacterial LRTIs, with procalcitonin thresholds 

(e.g. of the order of 0.5 ng/mL) having a higher 

sensitivity and specificity than the traditional CRP cut-

offs9,10. Combined measurement strategies that combine 

both PCT and CRP are also effective in improving 

diagnostic performance because they capitalize on the 

advantages inherent in each of these biomarkers, 

constraining the use of unnecessary antibiotics and 

informing rational therapy11. 

Although these advances have been made, there is 

heterogeneity in the performance of biomarkers due to 

differences in patient populations, types of infections, 

and assay thresholds. Recent evidence suggests that a 

combination of biomarkers and clinical prediction 

models or new panels may be useful in the 

differentiation of bacterial versus viral LRTIs, 

compared to traditional single-marker-based methods12. 

To idealise the diagnostic accuracy and clinical impact, 

further research and standardisation of the application 

of PCT and CRP are essential.  

METHODS 

This was a prospective, observational cohort study, 

which was carried out in the Pulmonology Deptt, 

Liaquat University of Medical & Health Sciences 

(LUMHS) Jamshoro, between March 2024 and 

February 2025. 

The study involved 200 patients with lower respiratory 

tract infection (LRTIs). The sample size was calculated 

by referring to the past studies that had established the 

optimal sample size to use in testing the diagnostic 

biomarkers with reasonable statistical power13. 

Inclusion criteria comprised of patients who presented 

with symptoms of acute LRTI which entailed cough, 

fever, shortness of breath and abnormal chest 

radiographs. The exclusion criteria were those with the 

history of chronic respiratory diseases including asthma 

or chronic obstructive pulmonary disease (COPD) or 

one with an immunocompromised condition or known 

allergy to diagnostic reagents. 

At the time of patient enrolment, a comprehensive 

clinical history was obtained, and physical examination 

was performed by the attending pulmonologists. Blood 

samples were taken at admission and the serum 

concentration of PCT and CRP were measured based on 

the standard diagnostic blood tests. The use of 

chemiluminescent immunoassay and enzyme-linked 

immunosorbent assay (ELISA), respectively, were used 

to decide the levels of PCT and CRP. 

Bacterial etiology of LRTIs was determined by culture, 

sputum and blood sensitivity tests with isolations of 

bacterial pathogens being taken as positive. Clinical 

presentation, radiological findings, and viral nucleic 

acid in throat swabs detected using polymerase chain 

reaction (PCR) tests were used to diagnose viral 

infections. Patients, with infections that could not be 

identified as either being bacterial or being viral were 

not further analyzed. 

All the data was measured and analyzed using SPSS 

26.0, to evaluate the sensitivity, specificity as well as 

predictive value of PCT and CRP level in 

differentiating between bacterial and viral infections. 

This study received ethical approval by the Institutional 

Review Board of the University. All the participants 

gave informed consent to take part in the study. 

RESULTS 

The study enrolled 200 patients with 120 (60% of the 

patients) diagnosed with bacterial LRTIs and 80 (40% 

of the patients) diagnosed with viral LRTIs. The 

average age of the participants was 45.6 years (range: 

18 to 82 years), with 58% of the patients being males 

and 42% females. The demographic information of the 

research participants will be summarized in Table 1. 

 

Table No. 1: Demographic Data of Study Participants 

Age Group 

(Years) 
Total Patients (n) 

Bacterial LRTI (n, 

%) 

Viral LRTI (n, 

%) 
Male (n, %) Female (n, %) 

18–30 50 30 (60%) 20 (40%) 30 (60%) 20 (40%) 

31–45 60 40 (67%) 20 (33%) 40 (67%) 20 (33%) 

46–60 70 40 (57%) 30 (43%) 40 (57%) 30 (43%) 

>60 20 10 (50%) 10 (50%) 8 (40%) 12 (60%) 

Total 200 120 (60%) 80 (40%) 118 (59%) 82 (41%) 
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Table 2 shows the mean serum levels of procalcitonin 

(PCT) and C- reactive protein (CRP) in patients with 

bacterial and viral LRTIs. The concentration of the two 

biomarkers was significantly increased in the patients 

affected by bacterial infections as compared to those 

affected by viral infections. 

Table No. 2: Mean Serum Levels of Procalcitonin 

and C-reactive Protein in Bacterial vs. Viral LRTIs 

Biomarker 
Bacterial LRTI 

(Mean ± SD) 

Viral LRTI 

(Mean ± SD) 

p-

value 

Procalcitonin 

(ng/mL) 
5.2 ± 3.1 0.4 ± 0.3 <0.001 

C-reactive 

Protein (mg/L) 
92.1 ± 34.5 45.2 ± 29.3 <0.001 

The diagnostic value of procalcitonin (PCT) and  

C-reactive protein (CRP) in the differentiation of 

bacterial and viral LRTIs was evaluated using receiver 

operating characteristic (ROC) curves. The 

procalcitonin (AUC) was determined to be 0.88 which 

means that it has excellent discriminatory capacity 

between bacterial and viral infections. The AUC of 

CRP was 0.76 yet it still showed moderate 

discriminatory power. The following were the cut-off 

values of both biomarkers to differentiate between 

bacterial infections and viral infections: PCT > 0.5 

ng/mL (sensitivity: 85%, specificity: 90%) and CRP > 

50 mg/L (sensitivity: 70%, specificity: 65%). Table-3 

Table No. 3: Diagnostic Accuracy of Procalcitonin 

and C-reactive Protein for Differentiating Bacterial 

from Viral LRTIs 

Biomarker 
Cut-off 

Value 

Sensitivity 

(%) 

Specificity 

(%) 
AUC 

Procalcitonin 
>0.5 

ng/mL 
85% 90% 0.88 

C-reactive 

Protein 
>50 mg/L 70% 65% 0.76 

Statistical test showed that both procalcitonin and C-

reactive protein were significantly elevated in bacterial 

LRTI cases in comparison to viral LRTIs (p < 0.001 

both markers). Also, when the two biomarkers were 

combined together during a diagnostic algorithm, the 

accuracy of differentiating between bacterial and viral 

LRTIs improved and this had a sensitivity of 92% and 

specificity of 93%. Table-4 

Table No. 4: Sensitivity and Specificity of Combined 

Use of Procalcitonin and C-reactive Protein 

Biomarker 

Combination 

Sensitivity 

(%) 

Specificity 

(%) 

p-

value 

PCT + CRP 92% 93% <0.001 

The positive predictive value (PPV) and negative 

predictive value (NPV) for procalcitonin were 95% and 

80%, respectively, while for C-reactive protein, the 

PPV and NPV were 72% and 78%, respectively. The 

combined use of both biomarkers led to a PPV of 97% 

and an NPV of 91%, suggesting that the use of both 

markers together significantly improved clinical 

decision-making regarding the need for antibiotic 

therapy. Table-5 

Table No. 5: Positive Predictive Value (PPV) and 

Negative Predictive Value (NPV) for Procalcitonin, 

C-reactive Protein, and Their Combination 

Biomarker Combination PPV (%) NPV (%) 

Procalcitonin 95% 80% 

C-reactive Protein 72% 78% 

PCT + CRP 97% 91% 

DISCUSSION 

The utility of serum procalcitonin (PCT) and C reactive 

protein (CRP) in differentiating between bacterial and 

viral lower respiratory tract infections (LRTIs) in a one 

year timeframe was tested in this prospective 

observational cohort study. The findings revealed that 

mean levels of both PCT and CRP were significantly 

higher in bacterial LRTIs than in cases of viruses (p < 

0.001), and PCT is even associated with greater 

diagnostic accuracy in comparison with CRP. These 

findings are generally consistent with a variety of recent 

studies also highlighting the usefulness of PCT in 

differentiating bacterial and viral respiratory infections, 

however some differences between the marker 

thresholds and predictive values14,15. 

The considerably high levels of PCT in bacterial LRTIs 

(mean 5.2 ± 3.1 ng/mL) in comparison to viral 

infections (mean 0.4 ± 0.3 ng/mL) are in line with the 

established pathophysiological mechanisms and 

previously known evidence. As an example, Yamamoto 

et al16 in a study noted that the PCT level in bacterial-

induced infections was significantly higher as compared 

to the level of the viral etiology. Similarly, a study by 

Kamat et al17 has reported that PCT >0.5 ng/mL had 

high sensitivity and specificity (83% and 88%, 

respectively) to bacterial pneumonia which closely 

mirrored our findings. These similarities across studies 

reinforces the biological rationale that bacterial 

endotoxins and cytokines stimulate PCT synthesis more 

strongly than viral interferons, which suppress PCT 

release. 

Conversely, the diagnostic discrimination of CRP 

levels, although considerably high in bacterial 

infections, was lower. In our study, mean CRP levels of 

92.1 ± 34.5 mg/L in bacterial and 45.2 ± 29.3 mg/L in 

viral LRTIs and a diagnostic specificity of 65% at the 

cut off point of 50 mg/L. These values are in line with 

the results of Povoa et al18 who found a wide range of 

variability in the CRP accuracy, which depended often 

on the population of patients and the severity of the 

infection. CRP may increase significantly in both 

bacterial and viral etiologies in mild to moderate 

infections, decreasing its specificity when used alone. 
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This is probably one of the reasons why CRP in our 

study had moderate diagnostic power compared to the 

higher diagnostic power of PCT. 

Combining the results by simultaneously using both 

biomarkers increased the diagnostic performance with a 

sensitivity and a specificity of over 90%. This effect of 

synergy has been reported in other studies. A study by 

Linder et al19 demonstrated that combining biomarkers 

with clinical algorithms improved the precision of 

infection classification and reduced unnecessary 

antibiotic prescriptions. This integrative strategy is 

supported by our increased PPV and NPV values of the 

combined markers, indicating that combined 

assessment is a more effective method of reducing risk 

of misclassification than single markers. 

However, there are also some studies that reported 

somewhat different optimal cut off thresholds, which 

could follow the variation in the study design, patient 

demographics, prevalence of specific pathogens and 

calibration of laboratory assays. Using the example of 

the raise in baseline CRP and PCT, which may also be 

elevated in elder populations with multiple 

comorbidities, which can affect interpretative 

thresholds “Beaumont et al”20. The proportion of 

community versus hospital acquired infections may also 

vary, which can also affect the biomarker kinetics 

because more severe or nosocomial infections may 

result in higher baseline levels of inflammatory 

responses. 

In general, the findings of this study support the 

existing literature that PCT is a more valid biomarker 

than CRP to differentiate between bacterial and viral 

LRTIs, and that a combination of biomarker 

measurements is superior to a single biomarker to 

improve diagnostic accuracy. The differences in 

absolute cut off values and predictive strength are most 

probably due to population characteristics, assay 

methods, and infection spectrum, which emphasizes the 

importance of contextual interpretation and local 

validation of diagnostic thresholds. 

CONCLUSION 

Our findings suggest that PCT has better sensitivity, 

and specificity than CRP, and serves as a more reliable 

biomarker of bacterial infections. Whereas CRP is still 

effective in determining the presence of bacterial or 

viral etiologies, it does not have the diagnostic 

specificity needed to effectively differentiate the 

presence of bacterial and viral etiologies. A 

combination of PCT and CRP is a very useful tool in 

clinical decision-making, especially when it comes to 

decreasing the number of unnecessary antibiotic 

prescriptions. These results indicate that the integration 

of PCT and CRP measurements into everyday clinical 

practice may enhance the management of patients, 

particularly in those settings, which need a rapid 

determination of infection etiology. It is advised that 

further research using larger and more varied groups of 

patients, as well as inclusion of pathogen-specific 

assays, should be carried out to help to refine biomarker 

thresholds and optimal diagnostic strategies in the 

diagnosis of LRTIs. 
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