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INTRODUCTION

Around the world, acute respiratory tract infections (ARTIs) are a chief cause of illness, mortality, 
and lost workdays. Individuals who have immunological suppression, cardiac disease, or both 
at extreme ages are particularly vulnerable. The introduction of novel antimicrobial medicines 
and improvements in our knowledge of microbial pathogens notwithstanding, ARTIs continue 
to be a major source of global health spending. Both illnesses that primarily affect the upper 

ABSTRACT
Objectives: Acute respiratory tract infections (ARTIs) in adults are associated with severe disease onset. Failure 
to provide an accurate diagnosis leads to unnecessary antibiotic exposure and antibiotic resistance. Inflammatory 
markers such as procalcitonin (PCT), C-reactive protein (CRP), and total white blood cell (WBC) counts are 
often used in clinical settings to analyze the severity of ARTIs. The goal of this study was to determine the ability 
of these markers to discriminate between bacterial and viral respiratory tract infections (RTIs).

Materials and Methods: This prospective and cross-sectional study included 408 patients. A total of 222 patients 
with confirmed bacterial RTIs (n = 162) and viral RTIs (n = 60) were considered positive for RTIs. The CRP, PCT, 
and WBC levels were evaluated.

Statistical analysis: Predictive values, likelihood ratios, receiver operating characteristic (ROC) curves, Chi-
square test with Yates correction, and P-value were calculated for distinguishing between bacterial and viral 
respiratory infections using by Statistical Package for the Social Sciences software.

Results: ROC curve analysis and other statistical data revealed that for bacterial RTIs, WBC counts, and CRP 
counts were significantly higher than PCT (ROC area under the curve [AUC]:0.631), sensitivity: 93%, P ˂ 0.0001, 
while for viral RTIs, CRP, and PCT levels were marginally higher than WBC count (ROC AUC:0.551, sensitivity: 
90%, P = 0.0486).

Conclusions: PCT and WBC are more elevated in bacterial infections, whereas CRP and PCT slightly outperform 
WBC in viral cases. Combined, these biomarkers aid accurate infection diagnosis and targeted treatment.
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and lower respiratory tracts can be combined to provide an 
overall category for ARTIs.[1,2]

Anatomically, the vocal cords act as a barrier between 
these two regions, with the lower upper respiratory tract 
(bronchial tree and pulmonary parenchyma) located 
below the vocal cords and the upper respiratory tract 
(peritonsillar structures, nasopharynx, sinuses, larynx, 
and epiglottis) located proximally to the cords. In contrast 
to other essential organs, the lung is constantly exposed 
to a significant quantity of airborne microorganisms, 
increasing susceptibility to infection and inflammation. The 
respiratory tract has a large surface area (150 m2), a slim, 
fragile epithelium, and significant blood flow for optimal 
gas exchange. This structure carries a heavy immunological 
burden. Many inhaled microorganisms in a healthy lung are 
held in the mucus layer that covers the upper respiratory tract 
and nasal epithelium. Once caught, they can be moved to the 
throat and eaten by ciliary movement. In addition, the innate 
immune machinery functions locally to aid in the clearance 
of inhaled pathogens and to regulate inflammatory responses 
in organisms that elude mucociliary clearance. However, if 
these respiratory tract defenses are compromised, infection 
may occur, sometimes resulting in fatality.[3]

ARTIs account for a significant portion of global disease 
burden, with an estimated incidence of approximately 5–10% 
of the population annually. [4] The prevalence of ARTIs varies 
geographically, with higher rates observed in developing 
regions. Globally, ARTIs are responsible for approximately 
15% of all outpatient visits and 20% of hospital admissions.[5] 
ARTIs contribute to substantial morbidity worldwide, with 
approximately 50% of cases occurring in children under 
5  years old.[6] In addition, ARTIs are a leading cause of 
disability-adjusted life years lost globally, accounting for about 
10% of the total burden of disease.[7] Despite advancements in 
treatment and prevention, ARTIs remain a significant cause 
of mortality, responsible for approximately 3 million deaths 
annually worldwide, with the majority occurring in low- and 
middle-income countries. Recent studies, such as Yang et al. 
(2021), have demonstrated the diagnostic utility of combined 
procalcitonin (PCT), C-reactive protein (CRP), and white 
blood cell (WBC) in pediatric populations, but data on adult 
cohorts remain limited.[8]

In India, ARTIs are prevalent, affecting approximately 6–8% 
of the population annually.[9] The prevalence of ARTIs 
in India varies by region, with higher rates observed in 
urban areas and during the winter months. Approximately 
20% of all outpatient visits in India are due to respiratory 
infections.[10] ARTIs are a leading cause of morbidity in India, 
contributing to about 15–20% of hospital admissions, with 
pneumonia being the most common manifestation. In India, 
ARTIs are responsible for approximately 10–15% of all deaths 
among children under 5 years old.[11]

CRP, PCT, and WBC counts serve as valuable biomarkers for 
differentiating between bacterial and viral respiratory tract 
infections (RTIs) in clinical practice. Elevated CRP levels, 
typically above a threshold of 20–40  mg/L, are indicative 
of bacterial infections due to the acute inflammatory 
response they trigger, although they can also rise in viral 
infections.[12] PCT, on the other hand, shows significant 
elevation in bacterial infections, with levels below 0.25–
0.5 ng/mL often suggesting a viral etiology.[13] Meta-analyses 
have shown that PCT-guided algorithms can effectively 
guide antibiotic therapy in RTIs, leading to reduced 
antibiotic usage and associated adverse effects. Neutrophilia, 
reflected by elevated WBC counts, is commonly observed 
in bacterial infections but is less specific than CRP or 
PCT. Combining CRP, PCT, and WBC counts can improve 
diagnostic accuracy, with elevated CRP and PCT levels 
along with neutrophilia having a high positive predictive 
value (PPV) for bacterial infections.[14] These biomarkers, 
when integrated with clinical assessment, enhance clinicians’ 
ability to make informed decisions regarding antibiotic 
therapy in RTIs.

Examining the relationship between the number of 
inflammatory biomarkers and the duration of the disease 
is a relatively recent method for understanding the kinetics 
of inflammation. Biomarkers such as CRP, PCT, and WBC 
Counts have recently been used to discriminate between viral 
and bacterial RTIs.[15]

MATERIALS AND METHODS

Study design and settings

This prospective and cross-sectional study was conducted 
at the SRM Medical College Hospital and Research 
Centre, Kattankulathur, Chengalpattu, Tamil Nadu, India. 
This research was conducted after the approval of the 
protocol from the Institution’s Scientific Committee and 
after ethical approval was obtained from the institution 
(Certificate No.: SRMIEC-ST0123-326). Written informed 
consent was obtained from the patients or their authorized 
representatives.

Sample collection

Throughout a year-long prospective and cross-sectional 
investigation, individuals aged 18  years and older displaying 
symptoms indicative of ARTIs, such as fever, cough, shortness 
of breath, difficulty breathing, or other miscellaneous 
symptoms as delineated in the Centers for Disease Control and 
Prevention guidelines, were eligible for inclusion in the study, 
while patients below 18 years were excluded from this study.

This study included 408  patients. A  total of 222  patients 
with confirmed bacterial RTIs (n = 162) and viral RTIs 
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(n = 60) were considered positive, while the others were 
considered negative for RTIs. The patients who underwent 
bacterial RTIs had confirmed infections of Streptococcus 
pneumoniae, Klebsiella pneumoniae, Staphylococcus aureus, 
Haemophilus influenzae, and Escherichia coli. Bacterial RTIs 
were confirmed using sputum culture, positive blood culture, 
and VITEK-2. The patients considered to have viral RTIs 
had confirmed infections of human adenovirus, influenza 
A, influenza B, and human parainfluenza virus. Viral RTIs 
were confirmed by reverse transcription polymerase chain 
reaction (RT-PCR) using a Flex Star Flu, Adeno-XT™ viral 
ribonucleic acid isolation kit, and respiratory syncytial virus 
RT-PCR detection mix kit.

To minimize coinfection bias, patients testing positive for 
both bacterial and viral pathogens (n = 20) were excluded. 
Bacterial RTIs required (criteria, e.g., sputum culture 
≥105 CFU/mL + clinical symptoms), while viral RTIs 
required (criteria, e.g., PCR Ct < 30). True positives (TP) 
were defined as biomarker levels above the cutoff (CRP 
> 12  mg/dL, PCT > 0.1  ng/mL, WBC > 10,000  cells/mm³) 
with pathogen-confirmed RTIs; true negatives (TN) were 
biomarker-negative results in RTI-negative patients.

Data collection

Data pertaining to diagnosis and vital signs such as blood 
pressure, pulse rate, breathing rate and chest auscultation 
inferences, Glasgow Coma scores, laboratory tests such as 
blood culture and sputum culture positive reports, biomarker 
levels (PCT and CRP) and demographic details (age, sex, 
body weight, and prior medical history) were gathered and 
recorded through telephone interviews with ward nurses and 
supplemented with pertinent information obtained directly 
from ward case files.

Statistical analysis

The statistical analysis was performed by generating graphical 
representations in Microsoft Excel and Statistical Package for 
the Social Sciences software. Sensitivity, specificity, accuracy, 
PPV, negative predictive value (NPV), positive likelihood 
ratio, and negative likelihood ratio were determined 
through calculations involving sensitivity and specificity. 
Chi-square test and P-value computations were carried out 
through manual calculations and formulas integrated within 
Microsoft Excel.

RESULTS

Calculations of CRP, PCT, and WBC levels

CRP levels were detected using an immunofluorescence assay 
with SD Biosensor Standard F2400. PCT levels were detected 

for every sample using a chemiluminescence microparticle 
immunoassay with an Abbot Architect i1000. WBC levels 
were calculated using flow cytometry (SysMax).

Detection of the sensitivity and specificity of each 
biomarker

The TP, false-positive (FP), TN, and false-negative (FN) 
values were assessed for CRP, PCT, and WBC. CRP values 
above 12  mg/dL, PCT values above 0.1  ng/dL, and WBC 
levels >10,000 cells/mm3 of blood were considered positive. 
These values are according to the internationally used cutoff 
for invasive infections. The sensitivity, accuracy, specificity, 
PPV, positive likelihood ratio, NPV, and negative likelihood 
ratio were determined utilizing the TP, TN, FP, and FN values 
[Tables 1 and 2].

Plotting of the receiver operating characteristics (ROC) 
curve

The ROC curve was plotted under a 95% confidence interval 
to obtain the area under the curve (AUC). This was done to 
compare the analytical efficiency of the biomarkers employed 
in this experiment [Figures 1 and 2].

Calculation of Chi-square test values (with Yates 
correction) and comparison of positive values of WBC, 
CRP, and PCT among the two groups

The frequency of elevated WBC counts among individuals 
in group  A, who are diagnosed with bacterial RTIs, 
demonstrated a notable increase compared to levels of PCT 
and CRP. Conversely, in group B, comprising patients with 
viral RTIs, the incidence of elevated CRP levels surpassed 
that of PCT and WBC. This dichotomy underscores the 
differing immune responses between bacterial and viral 
infections.

On closer statistical examination, within the cohort of 
patients with bacterial RTIs, the significance of CRP 
positivity was found to be inconclusive, whereas WBC 
and PCT values exhibited a robust statistical significance. 
Conversely, in the context of viral RTIs, only the CRP 
positivity rates reached statistical significance, while 
the levels of WBC and PCT were deemed statistically 
insignificant. Comparative analysis of different 
combinations of biomarkers in both groups rendered 
statistical insignificance [Tables 3-5].

The synthesis of these findings suggests that employing 
a comprehensive diagnostic approach could enhance 
the accuracy of diagnosis, as elucidated in Table  3. 
Incorporating multiple biomarkers into the diagnostic 
process may offer a more nuanced understanding of the 
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underlying infection, thereby improving diagnostic efficacy 
and patient care.

DISCUSSION

ARTIs are a major clinical concern among adults due to 
their early onset and chronic complications. Diagnostic 
confirmation of ARTIs is generally performed through 
culturing methods, nucleic acid amplification, and 
antibody detection tests. Since culturing methods are time-
consuming, nucleic acid amplification tests and antibody 
detection tests may yield erroneous results, and additional 
research on alternative methods has been conducted over the 
last decade. [16-18]

Epidemiological studies across various countries have 
revealed varying prevalence rates of ARTIs. For instance, 
research conducted by Berman found a higher prevalence 
of ARTIs in developing nations compared to developed 
countries, attributed to factors such as crowded living 

Table  3: Positive values of different biomarkers for different 
groups, where group A indicates patients with confirmed bacterial 
RTIs while group B indicates patients with confirmed viral RTIs.

Groups n CRP PCT WBC Combined 
diagnosis

Group A (patients 
with confirmed 
bacterial RTIs)

81 58 54 69 66

Group B (patients with 
confirmed viral RTIs)

30 27 15 18 21

RTIs: Respiratory tract infections, CRP: C‑reactive protein,  
PCT: Procalcitonin, WBC: White blood cell

Table 1: Sensitivity, specificity, accuracy, and other values for WBC, CRP, and PCT for detecting bacterial RTIs.

Markers 
(bacterial) 1

AUC Sensitivity (%) Specificity (%) Positive 
likelihood ratio

Negative likelihood 
ratio

PPV (%) NPV Accuracy (%)

WBC 0.631 92 62.79 2.4725 0.1274 93.34 58.07 73.5
CRP 0.517 92.86 7.5 1.0039 0.9524 80.06 20.792 42.65
PCT 0.5 69.23 57.14 1.6154 0.5385 88.04 28.96 61.76
RTIs: Respiratory tract infections, AUC: Area under the curve, PPV: Positive predictive value, NPV: Negative predictive value, WBC: White blood cell,  
CRP: C‑reactive protein, PCT: Procalcitonin

Table 2: Sensitivity, specificity, accuracy, and other values for WBC, CRP, and PCT for detecting viral RTIs.

Markers 
(Viral) #2

AUC Sensitivity (%) Specificity (%) Positive 
likelihood ratio

Negative likelihood 
ratio

PPV (%) NPV (%) Accuracy (%)

WBC 0.41 60 37.93 0.9667 1.0545 84.56 14.335 41.18
CRP 0.551 90 25.86 1.214 0.3867 84.69 36.21 35.294
PCT 0.551 90 25.86 1.214 0.3867 84.69 36.21 35.294
RTIs: Respiratory tract infections, AUC: Area under the curve, PPV: Positive predictive value, NPV: Negative predictive value, WBC: White blood cell, 
CRP: C‑reactive protein, PCT: Procalcitonin

Table  4: Indicates Chi‑square value, one‑tailed P value, and 
statistical significance of WBC, CRP, and PCT in Group A 
Patients.

Group A Chi‑square 
with 1 degree 

of freedom

One‑tailed 
P value

Statistical 
significance

WBC 55.990 ˂0.0001 Significant
CRP 0.009 0.4617 Insignificant
PCT 12.413 0.0002 Significant
WBC+CRP 2.017 0.1555 Insignificant
CRP+PCT 5.597 0.0180 Insignificant
WBC+PCT 2.352 0.1251 Insignificant
WBC+CRP+PCT 2.772 0.0990 Insignificant
WBC: White blood cell, CRP: C‑reactive protein, PCT: Procalcitonin

Table  5: Indicates Chi‑square value, one‑tailed P-value, and 
statistical significance of WBC, CRP, and PCT in group B Patients.

Group B Chi‑square 
with 1 degree 

of freedom

One‑tailed 
P-value

Statistical 
significance

WBC 0.0000 0.4952 Insignificant
CRP 2.751 0.0486 Significant
PCT 0.465 0.2477 Insignificant
WBC+CRP 1.715 0.1903 Insignificant
CRP+PCT 6.122 0.0134 Insignificant
WBC+PCT 2.352 0.1251 Insignificant
WBC+CRP+PCT 2.772 0.0990 Insignificant
WBC: White blood cell, CRP: C‑reactive protein, PCT: Procalcitonin
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Figure 1: Receiver operating characteristic (ROC) curves for white 
blood cell, procalcitonin and C-reactive protein for predicting 
bacterial infection. WBC: White blood cell, CRP: C-reactive protein, 
PCT: Procalcitonin.

Figure 2: Receiver operating characteristic (ROC) curves for white 
blood cells, procalcitonin and C-reactive protein for detecting 
viral infections. WBC: White blood cell, CRP: C-reactive protein, 
PCT: Procalcitonin.

conditions and limited access to healthcare. Conversely, 
studies such as those by Bulla and Hitze highlighted the 
significance of seasonality and climatic factors in influencing 
ARTI prevalence, with higher rates observed during colder 
months in temperate regions. [19,20]

RTIs represent a significant burden on global healthcare 
systems, necessitating accurate and timely diagnosis for 
appropriate management.[21] Our study investigated the 
sensitivity and specificity of WBC counts, PCT, and CRP levels 
as biomarkers for distinguishing between bacterial and viral 

RTIs. Our study elucidates discernible trends in biomarker 
upregulation between bacterial and viral infections, offering 
pertinent implications for clinical management. While 
biomarker assays are commonly conducted in hospital 
settings during suspected RTIs, comparative analyses of these 
biomarkers remain infrequent.[22] Therefore, our investigation 
represents a novel endeavor by integrating three specific 
biomarkers to facilitate precise diagnosis of RTIs, thereby 
addressing a notable gap in current clinical practices.

In line with previous research, our results indicate that 
WBC count demonstrates greater sensitivity and specificity 
in detecting bacterial RTIs compared to CRP and PCT 
levels. This suggests that WBC count may serve as a reliable 
biomarker for identifying bacterial etiology in RTIs. 
Conversely, CRP levels emerge as a more sensitive marker 
for detecting viral RTIs, exhibiting higher sensitivity albeit 
lower specificity compared to WBC count. These differential 
patterns of biomarker elevation underscore the complex 
immunological responses associated with bacterial and viral 
infections.[22]

In a study by Delèvaux et al.,[23] the patients were split 
into 2 groups: Group  I had a history of fungal or bacterial 
infections, and group  II had an inflammatory bacterial 
illness. Among the patients in group I, 39/60 (65%) had PCT 
levels >0.5  ng/mL. In group  II, two patients with vasculitis 
and one patient with crystal arthritis both showed modestly 
elevated PCT levels (0.7 ng/mL), as did 3 patients with a viral 
infection (0.7, 0.8, and 1.1  ng/mL). PCT levels in group  II 
were <0.5 ng/mL in every other patient. The study’s marker of 
bacterial infection was determined to be a PCT concentration 
>0.5 ng/mL, with 65% sensitivity and 96% specificity. When 
determining whether an inflammatory process was caused by 
a bacterial infection, PCT readings were more discriminative 
than were WBC and CRP measurements. PCT values 
>1.2 ng/mL in this investigation were consistently indicative 
of a bacterial infection and the need to begin antibiotic 
therapy. [23]

In a similar study by Li et al.,[24] when determining whether 
a child has an acute bacterial infection, the PCT, CRP, and 
WBC can be used as useful indicators, and the differential 
diagnostic value of the PCT and CRP levels was greater than 
that of the WBC. Our findings align with Li et al. (2021), 
who reported improved diagnostic accuracy using combined 
biomarkers. However, unlike their pediatric cohort, our 
adult population showed higher WBC sensitivity in bacterial 
RTIs, suggesting age-specific variations in biomarker 
performance.[24]

In a study conducted by Choi although the probability ratio 
for a single test value is thought to be a crucial statistic for 
assessing diagnostic tests, the small sample size makes it 
difficult to estimate directly from laboratory data. On the 
other hand, the likelihood ratio for a single test value can be 
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readily determined from the tangent by performing ROC 
analysis. It is recommended that the ROC analysis software 
currently in use be updated to provide tangent estimations at 
different ROC curve locations.[25]

According to Mandrekar when a test has a value of 1, 
it is perfectly accurate; when it has a value of 0, it is 
perfectly inaccurate. An AUC of 0.5 generally indicates no 
discrimination (i.e., the measurements to analyze people with 
and without illness or ailment based on the investigation); an 
AUC of 0.7–0.8 is regarded as acceptable; an AUC of 0.8–0.9 
is regarded as exceptional; and an AUC of more than 0.9 is 
seen as noteworthy.[26]

Limitations include potential undetected coinfections despite 
rigorous exclusion criteria, which may influence biomarker 
levels. Future studies could employ multiplex PCR to 
comprehensively rule out mixed infections. The simultaneous 
measurement of procalcitonin (PCT), C-reactive protein 
(CRP), and white blood cell count (WBC) improves the 
ability to differentiate bacterial respiratory infections from 
non-bacterial ones compared to relying on any single 
marker, yet none of these tests alone offer enough accuracy 
for a definitive diagnosis. Utilizing these markers together 
is particularly helpful in the early identification of bacterial 
infections and can inform antibiotic prescribing decisions. 
However, physicians should interpret these test results 
alongside clinical evaluation and other diagnostic methods, 
rather than relying on them in isolation.

CONCLUSIONS

In discerning bacterial RTIs, WBC count and CRP levels were 
marginally higher compared to PCT levels. Conversely, CRP 
and PCT levels were significantly higher than the WBC count 
in detecting viral RTIs. These findings offer valuable insights 
for clinical decision-making, facilitating the preliminary 
differentiation between bacterial and viral RTIs. However, 
definitive diagnosis necessitates supplementary tests such 
as blood culture, PCR, and antibody detection assays to 
ascertain the specific etiology of the infection, enhancing 
diagnostic precision and therapeutic management.

These biomarkers can be used to obtain the most 
approximate results to prescribe the right empirical 
antibiotic to avoid the emergence of antimicrobial resistance 
and control it to some extent. Combinations of these 
biomarkers always play a great role in precisely detecting the 
infection. These findings offer valuable insights for clinical 
decision making facilitating the preliminary differentiation 
between bacterial and viral RTIs.
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