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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. 
Objective: 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[1]. Even 

with progress in diagnostic equipment, clinicians 

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[2]. 

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 issue[3]. 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[4]. 

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[5]. 

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[6,7]. 

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 Objectives 

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. 

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 

 Patients aged ≥18 years. 

 Presentation with acute onset of respiratory 

symptoms such as cough, fever, 

breathlessness, sore throat, or chest 

discomfort. 

 Availability of serum sample for 

procalcitonin estimation at presentation. 

 Radiological and/or laboratory confirmation 

supporting a respiratory tract infection. 

Exclusion criteria 

 Patients with chronic inflammatory 
conditions or autoimmune diseases. 

 Known cases of malignancy, tuberculosis, or 

immunosuppression. 

 Those who had received antibiotic treatment 

for more than 48 hours prior to sample 

collection. 

 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 
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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: 

 <0.1 ng/mL: normal 

 0.1–0.25 ng/mL: viral infection 

likely 

 0.25–0.5 ng/mL: bacterial infection 

possible 

 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 

statistically significant. Statistical analysis was 

conducted using licensed software. 

Ethical considerations 

Prior approval was obtained from the Institutional 

Ethics Committee. Written informed consent was 
taken from all patients. All procedures were 

performed in accordance with ethical standards, 

ensuring patient confidentiality and data protection 

throughout the study. 

 

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: Demographic Profile of Study Participants 

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 44.9 ± 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. 
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Table 4: Mean Procalcitonin Levels by Etiology 

Table 4 compares serum procalcitonin levels between bacterial and viral infections. 

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%) 
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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[8]. 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 costs[9]. 

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[10]. 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 

suppression[11]. 

In the enrolled patients, a greater number of bacterial 

cases had high procalcitonin concentrations, and a 

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[12]. 

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 progression[13]. 

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 diagnosis[14]. 

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[15]. 
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  

Tuberculosis is a matter of concern for all countries. Tuberculosis (TB) remains one of the major 

global health threats leading to morbidity and mortality. One in three persons across the world 

representing 2–3 billion individuals are known to be infected with Mycobacterium Tuberculosis 

(M. Tuberculosis) of which 5–15% are likely to develop active TB disease during their 

lifetime.Information of the pattern of drug resistant among the tuberculosis is crucial in developing 

countries. Therefore, this study aims to assess the drug resistance pattern of Mycobacterium 

tuberculosis isolates and associated factors among the patients. This study selected 934 culture-

positive sputum samples referred to the National Reference Laboratory of the Research Institute 

for Pulmonology in Thanjavur from January 2015 to January 2018 were analysed; 40% of these 

samples were obtained from Tb Sanatorium, Sengipattipatients (hospitalized in `Sengipatti) and 

60% from other regions (hospitalized in Minsk and other regions) equal to patient’s population in 

the regions.All 934 cases were subjected to a drug-resistance test. The anti-microbial drug 

susceptibility tests (DST) were performed using the WHO standard conventional proportional 

method. The Preferable First Line Drugs were INH 1mcg/ml, RIF40 mcg/ml, Ethambutol (EMB) 

2 mcg/ml, and Streptomycin (SM) 10 mcg/ml on slants with the H37Rv strain of MTB as the 

positive control. Furthermore, MDR isolates were tested for resistance to fluoroquinolones and 

three injectable drugs (Amikacin 8 mcg/ml, Kanamycin 30 mcg/ml, and Capreomycin 8mcg/ml) 

for detection of XDR isolates. 

 

Keywords: Mycobacterium tuberculosis; drug resistance; blood; patients 

 

Introduction  

Tuberculosis (TB) remains one of the major global health threats leading to morbidity and 

mortality (Raviglione M,2016). One in three persons across the world representing 2–3 billion 

individuals are known to be infected with Mycobacterium Tuberculosis (M. Tuberculosis) of 
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which 5–15% are likely to develop active TB disease during their lifetime (WHO, 2015.). In 2014, 

an estimated 9.6 million people felt ill due to TB, around 1.5 million people died from the disease 

including 1.1 million HIV-negative persons and 400,000 HIV patients (WHO, 2015.). While TB 

is present in every country majority of TB sufferer live in low income and middle-income countries 

especially in regions such as Sub-Saharan Africa and South East Asia (Esmond, 2011). Over the 

past decade, significant progress has been made towards TB control with most of the TB targets 

set as part of the Millennium Development Goals (MDGs) having been achieved (Switzerland 

WHO, 2015.). TB mortality for instance has declined by 47% since 1990, with nearly all of that 

happening in the era of the MDGs. In all, effective diagnosis and treatment of TB has been 

estimated to have saved over 40 million lives between 2000 and 2014 (Switzerland: WHO, 2015). 

While these achievements are remarkable, there are calls for intensified efforts to eradicate the 

disease. In 2014, the World Health Assembly (WHA) adopted the End B strategy with targets 

linked to the newly adopted Sustainable Development Goals SDGs) (WHO, 2015). The End TB 

strategy serves as the key guide for countries to reduce TB deaths by 90% by 2030 as well as 

achieve an 80% reduction in TB incidence rate compared with 2015 (Geneva, WHO, 2015). TB 

still pose as a huge threat to economic development as over 90% of TB-related deaths occur among 

adults in the most productive age groups. Emerging issues such as Multi-drug and extensively drug 

resistant TB is seen as a major challenge in effective control of the disease in many regions. 

Treatment outcomes for drug resistant TB are still poor and inadequate reporting remains a 

growing challenge. Of the 480,000 cases of multidrug-resistant TB (MDR-TB) estimated to have 

occurred in 2014, only about 25% were detected and reported (Rudich et al., 1998). Moreover, just 

around 30% of the over 7,000 MDR-TB patients from 13 countries were successfully treated in 

2007 (WHO, 2015). The evidence base around TB and its management is rapidly changing. In this 

work, we provide a general overview of TB by highlighting the pathogenesis, diagnosis, and 

treatment guidelines. In preparation of this material, we searched PubMed for relevant articles on 

TB. Additionally, we searched the websites of major institutions like the World Health 

Organization (WHO) and the US Centres for Disease Control and Prevention (CDC) for related 

guidelines and reports. This paper has been written with the intention to offer general education to 

health professionals, policy makers, patients and the public.  

 

Materials and Methods 

 

Study population and methods 

The 934 culture-positive sputum samples referred to the National Reference Laboratory of the 

Research Institute for Pulmonology in Thanjavur from January 2015 to January 2018 were 

analysed; 40% of these samples were obtained from Tb Sanatorium, Sengipattipatients 

(hospitalized in  Sengipatti) and 60% from other regions (hospitalized in Minsk and other regions) 

equal to patient’s population in the regions.All 934 cases were subjected to a drug-resistance test. 

The anti-microbial drug susceptibility tests (DST) were performed using the WHO standard 

conventional proportional method. The Preferable First Line Drugs were INH 1mcg/ml, RIF40 
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mcg/ml, Ethambutol (EMB) 2 mcg/ml, and Streptomycin (SM) 10 mcg/ml on slants with the 

H37Rv strain of MTB as the positive control. Furthermore, MDR isolates were tested for resistance 

to fluoroquinolones and three injectable drugs (Amikacin 8 mcg/ml, Kanamycin 30 mcg/ml, and 

Capreomycin 8mcg/ml) for detection of XDR isolates.First- and second-line drugs are the two 

main categories of drugs used for TB treatment. Traditionally, there are five first-line drugs, 

including INH, RIF, Pyrazinamide (PZA), EMB and SM. Second-line drugs contain 

aminoglycosides, Kanamycin and Amikacin, the polypeptide Capreomycin, Phage antibiotic 

synergy (PAS), cycloserine, thioamides, ethionamide and prothionamide and several 

fluoroquinolones, such as ofloxacin, moxifloxacin, levofloxacin and gatifloxacin; SM has been 

reported as a second-line drug, though .For drug resistance, the following terms were used as 

defined by the WHO : 

• MDR: multi-drug resistant tuberculosis (MDR-TB) is resistance to at least two of the best anti-

TB drugs, INH and RIF. 

• XDR: extensively drug resistant tuberculosis (XDR-TB) is resistance to: INH and RIF plus 

resistance to the best second-line medications: fluoroquinolones and at least one of three injectable 

drugs (i.e., Amikacin, Kanamycin, or Capreomycin). 

 

Specimen collection, storage, and handling procedures; criteria for specimen rejection 

 

Collect 1 ml of blood by venepuncture directly into each of the QuantiFERON TB Gold IT blood 

collection tubes, which include a Nil Control tube, TB Antigen tube and a Mitogen tube. Tubes 

should be between 22° C + 5° C at the time of blood draw.Immediately after filling tubes, shake 

them ten times just firmly enough to ensure the entire inner surface of the tube is coated with blood, 

to solubilize antigens of tube walls. Over energetic shaking may cause gel disruption and could 

lead to aberrant results. Ship tubes to laboratory at 22° C + 5° C as soon as possible and within 

16hrs of collection. Do not refrigerate or freeze the blood samples.The assay is set up at least once 

a week or more frequently depending on work load. Samples are stored for a minimum 7 days at 

2° - 8° C after final results have been posted. 

 

Blood cultures 

Blood cultures using mycobacteria-specific, radioisotope-labeled systems help to establish the 

diagnosis of active TB. However, mycobacterial bacteremia (bacillemia) is detectable using blood 

cultures only if specialized systems are used; these bacilli have specific nutrient growth 

requirements not met by routine culture systems.Such blood cultures should be used for all patients 

with HIV infection who are suspected of having TB, because bacillemia is particularly prevalent 

in this population. If available, in fact, these cultures should be used for any patient highly 

suspected of having active TB. 

 

Drug Susceptibility Testing 
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Positive cultures should be followed by drug susceptibility testing. Symptoms and radiographic 

findings do not differentiate MDR-TB from fully susceptible TB. Suspect MDR-TB if the patient 

has a history of previous treatment for TB, was born in or lived in a country with a high prevalence 

of MDR-TB, has a known exposure to an MDR-TB case, or is clinically progressing despite 

standard TB therapy. Susceptibilities should be repeated if cultures remain positive after 2 months, 

even when initial susceptibilities have not revealed any resistance. 

 

Statistical analysis 

Data obtained from medical records were entered and analyzed using SPSS version 21 (SPSS Inc., 

Chicago, IL, USA). The sensitivity of each IGRA among the different age groups was compared 

using binary logistic regression and linear-by-linear association. Comparisons of continuous 

variables including WBC and lymphocyte counts, CRP, serum protein, and serum albumin levels, 

across age groups were performed using one-way analysis of variance (ANOVA) and post-hoc 

analysis. The effect of each factor on the sensitivity of each IGRA was analyzed by logistic 

regression adjusting for age group. A factor was considered to influence IGRA sensitivity when 

the age group was adjusted by a certain variable or some variables and the sensitivity of the IGRA 

according to age group was statistically insignificant. A p value less than 0.05 was considered 

significant. 

 

Results 

During the research period, 934 pulmonary TB patients were studied, of which 274 (29.33 ± 1.5%) 

(p < 0.001) men in the age group 25–65years outnumbered women between 2.7and 9.0 times more 

(Table 1); 660 (70.66 ± 1.5%) of the TB patients were men.In the age group <15–24, as well as in 

the age group over65 years, the proportion of men and women were similar. Inthe remaining age 

groups, the proportion of men with TBwas significantly higher than women. The total ratio of 

maleTB patients among the female patients of all groups surveyedin 2007 was 2.4, which agrees 

with the WHO European Region.In the age group 45–54 the male to female ratio was the 

highestamong patients with TMDR-TB. 

 

Table 1: A statistical characterization of the studied population of TB patients based on sex 

differentiation. 
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Frequency of MTB isolates with different levels of resistance,depending on age and sexDrug 

sensitivity of MTB of all 934 surveyed patients with TB in2007 was studied by culture in the 

dilution of drugs in thegrowth medium.From a clinical aspect, patients were divided into 

fivegroups based on levels of resistance of MTB to the primaryanti-tuberculosis drugs. This idea 

was based on clinicaldifferences over the course of the disease and resistance toanti-tuberculosis 

drugs. For example, to treat MDR-TB casesresistant to INH and RIF (but not to EMB, PZA and 

SM) andfirst-line-resistant TB (FLR-TB), cases were considered resistantto all first-line drugs. 

Mono-resistance TB cases are treated separately from thedrug-sensitive and MDR cases. Among 

patients with drugresistantTB in different age groups, significant differencesamong men and 

women were noted. There were no differencesby age group, when comparing male and 

femalepopulations with XDR-TB (p > 0.05), MDR-TB (p > 0.05) anddrug-sensitive TB (p > 0.05) 

(Table 2).Drug susceptible group.This group is sensitive to INH, RIF and other drugs and is26.5 

± 1.4% of all analyzed isolates; 32.26 ± 2.96% of them wereisolated from female patients, and 

67.74 ± 2.96% males(p < 0.05). This group includes the largest number of patientsless than 15 

years (16 people). In contrast to all other groups,among TB patients younger than 15 years, the 

number of girls(12.5 ± 3.69%) outnumbered boys (3.57 ± 1.43%) (p < 0.05). Asimilar trendwas 

found in patients older than 65 years: womenwere 25 ± 4.84%, while men were 8.3 ± 2.1% (p < 

0.05) (Table 2). 

 

Table 2 – Frequency of MTB isolates from patients with different levels of drug resistance 

depending on age and sex. 

 

 

 

 

 

 

 

 

 

Sex Number of men and women in age groups (number and 

%) 

 Total 

Group  <15 (n 

= 8) 

15–24 (n 

= 98) 

25–44 (n 

= 400) 

45–54 (n 

= 203) 

55–65 (n 

= 125) 

>65 (n = 

80) 

 

Women  4 50.0 ± 

5.3 

47 47.9 ± 

5.0 

108 27.0 

± 2.2 34 

16.7 ± 2.6 

31 

10.0 ± 2.7 

40 

50.0 ± 

5.6 274 

274 (29.3±1.5) 

Man  14 50.0 

± 5.3 

51 52.1 ± 

5.0 292 

73.0 ± 2.2 

169 

83.3 ± 2.6 

94 

90.0 ± 2.7 

40 

50.0 ± 

5.6 660 

660(70.66±1.7) 

P >0.05 >0.05 <0.001 <0.001 <0.001 <0.05 934(100%) 
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Drug 

resista

nce 

group 

 G 

 

 

ende

r 

 

<15 

 

15–24 

Age 

range

s 

(year)

, 

25–44 

as 

number

(%) 

45–54 

 

55–

65 

 

>65 

Total 

as, 

numb

er% 

Suscep

tible 

 Wo

men 

10(12.5

±3.69) 

6(7.5 ± 

2.9) 

27(33

.7 ± 

5.2) 

9(11.25

±3.5) 

8(10

.0 ± 

3.35

) 

20(25.0±

4.84) 

80(32.2

6 ± 

2.96) 

  Men 6(3.57±

1.43) 

15(8.9 ± 

2.2) 

55(32

.7 ± 

3.6) 

44(26.2

±3.4) 

34(2

0.2 

± 

3.1) 

14(8.3 ± 

2.1) 

168(67.

74 ± 

2.96) 

  Tota

l 

16(6.45

±1.56) 

21(8.4 ± 

1.8) 

82(33

.0 ± 

3.0) 

53(21.3

±2.6) 

42(1

6.9 

± 

2.4) 

34(13.7±

2.2) 

248(26.

5 ± 1.4) 

Mono 

resista

nt 

(Mono

) 

 Wo

men 

– 3(13.6 ± 

7.3) 

10(45

.45± 

10.6) 

4(18.18

±8.2) 

2(9.

1 ± 

6.1) 

3(13.6 ± 

7.3) 

22(30.5 

± 5.4) 

  Men 2(4.0 ± 

2.7) 

5(10 ± 

4.24) 

23(46

.0 ± 

7.0) 

12(24 ± 

6.0) 

4(8 

± 

3.8) 

4(8 ± 3.8) 50(69.4 

± 5.4) 

  Tota

l 

2(27 ± 

1.90) 

8(11.11 

± 3.7) 

33(45

.8 ± 

5.8) 

16(22.2

±4.9) 

6(8.

33 ± 

3.2) 

7(9.7 ± 

3.4) 

72(7.7 

± 0.87) 

T MDR          

First-

line 

 3(3.6 

± 

2.0) 

19(22.8

±4.6) 

29(34.9 

± 5.2) 

12(14

.4 ± 

3.8) 

12(14.4

±3.8) 

8(9.

6 ± 

3.2) 

83(28.6 

± 2.6) 

83(8.88

%) 
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Mono-resistant group (Mono) 

resista

nt 

(FLR)          

  2(0.9

6 ± 

0.6) 

12(5.8 ± 

1.6) 

101(48.

7±3.) 

53(25

.6 ± 

3.0) 

29(10.4

±2.4) 

10(4

.8 ± 

1.5) 

207(71.3

±2.65) 

207(22.

16%) 

  5(1.7 

± 

0.75) 

31(10.7

±1.8) 

130(44.

8±2.9) 

65(22

.4 ± 

2.4) 

41(14.1

±2.0) 

18(1

6.2 

± 

2.3) 

290(31.0

±1.51) 

290(31.

05%) 

Multi-

drug 

resista

nt 

 1(1.3

5 

±1.3

4) 

17(22.9

±4.9) 

34(45.9 

± 5.8) 

7(9.4 

± 3.4) 

8(10.8± 

3.6) 

7(9.

4 ± 

3.4) 

74(27.4 

± 2.7) 

74(7.93

%) 

(MDR)          

  4(2.0 

± 

1.0) 

14(7.1 ± 

1.8) 

99(50.5 

± 3.5) 

50(25

.5 ± 

3.1) 

20(10.2

±2.16) 

9(4.

6 ± 

1.5) 

196(72.6

±2.7) 

196(20.

98%) 

  5(1.8

5 

±0.8

2) 

31(11.5

±1.2) 

133(49.

2±3.0) 

57(21

.1 ± 

2.5) 

28(10.3-

5.76) 

16(5

.9 ± 

1.43

) 

270(28.9

±1.5) 

270(28.

9%) 

Extens

ively 

drug 

 Wo

men 

– 2(13.3 ± 

8.7) 

8(53.

3 ± 

12.8) 

2(13.3± 

8.7) 

1(6.

6 ± 

0.4) 

2(13.3 ± 

8.7) 

15(27.7

8 ± 0.6) 

resista

nt 

(XDR) 

         

  Men – 5(12.8 ± 

5.3) 

14(35

.9 ± 

7.6) 

10(25.6

±7.0) 

7(17

.9 ± 

6.1) 

3(7.7 ± 

4.2) 

39(72.2

2 ± 0.6) 

  Tota

l 

– 7(12.9 ± 

4.5) 

22(40

.7 ± 

6.7) 

12(22.2

±5.6) 

8(14

.8 ± 

4.8) 

5(9.2 ± 

3.9) 

54(5.7 

± 2.4) 

  Sum 28(2.99

±0.55) 

98(10.4

9±1.0) 

400 

(42.8 

± 1.6) 

203(21.

7±1.3) 

125 

(13.

4 ± 

1.1) 

80(8.5 ± 

0.9) 

934 

(100) 
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Patients suffering resistance to one of the major anti-tuberculosisdrugs (INH or RIF) was 7.7 ± 

0.87% of those surveyed,69.4 ± 5.4% of them were men (p < 0.05). In this group, therewere no 

girls under the age of 15 years (Table 2).First-line resistant group (FLR-TB)This group, which 

included 31.0 ± 1.51% of all surveyed consistedof patients infected with MDR-isolates (resistant 

toINH and RIF), which were also resistant to PZA, EMB andSM. The group with the FLR-TB 

treated 51.8% of patients withMDR-TB because they do not respond to treatment with INH,RIF 

and first-line drugs. The ratio of men and women in thisgroup was 3.07; the difference in sex 

composition was observedin the range of 15–24 years (women 22.8 ± 4.6%, men5.8 ± 1.6% (p < 

0.05) (Table 2). 

 

Multi-drug resistant group 

MDR-isolates were resistant to both of the best anti-tuberculosis drugs: INH and RIF. Patients 

with MDR-TB accounted for 28.9 ± 1.5% of all patients. If, in accordance with the WHO 

requirements, patients with FLR-TB were added to this group. The resulting aggregate, which can 

be designated as TMDR-TB will be 59.9 ± 1.6% of all patients enrolled in the study. In the age 

group 15–24 years, the proportion of women with MDR-TB was 22.9 ± 4.9%, while the proportion 

of men was 7.1 ± 1.8% (p < 0,05) (Table 2). 

 

Extensively drug resistant group 

XDR-TB is resistant to INH and RIF, as well as to any of the second choice of drugs: 

fluoroquinolones and at least one of three injectable drugs (i.e., Amikacin, Kanamycin and Capre- 

omycin). During 2007, the lab was sent isolates from 54 patients (5.7 ± 2.4% of all surveyed) 

diagnosed with XDR-TB. Men accounted for 39 (4.1 ± 0.6%), and the women accounted for 15 

(1.6 ± 0.4%) of them (p < 0.05); children in this group were not accounted for. The greatest number 

of patients was found in the age group 25–44 years (40.7 ± 6.7%) (Table 2). 

 

Treatment status 

From another aspect, all groups were divided into two categories based on treatment or non-

treatment status when referred to hospital (see Table 3).Patients with secondary TB totaled 414 

(52.02 ± 1.77%), and patients with primary TB totaled-382 (47.98 ± 1.77%) (p > 0.05). Patients 

with primary TB were significantly more distinguished because MTB is sensitive to anti-

tuberculosis drugs (48.1 ± 2.55%), while only 8.7 ± 1.38% of cases (p < 0.05) of patients with 

secondary TB were detected. The frequency of drug-resistant MTB in patients with secondary TB 

was 378 (47.48 ± 1.77%), which was significantly higher than in the group suffering from primary 

TB: 198 (24.8 ± 1.52%) (p < 0.05). It should be emphasized that a similar result was related to 

XDR patients (p < 0.05). 

 

Characteristics of drug resistance in the working age group 

The p-value was calculated for the evaluation of the significance of differences among age groups. 

In this way, all MDR patients were added to those with FLR. Subsequently, MDR patients in these 
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sections include all patients that are resistant to all first-line drugs and ones that are resistant only 

to INH and RIF (as in TMDR). In Table 4, some groups with significant differences are shown.Out 

of a total of 934 patients of working age, 570 (75.4 ± 1.56%) of them were men (working age 18–

60 years) and 186 (24.6 ± 1.56%) were women (working age 18–55 years).Patients with MDR-TB 

and FLR were merged into one group renamed TMDR that included patients infected with strains 

resistant to all first-line drugs, and strains resistant only to INH and RIF. Men patients in mono 

resistant, TMDR and XDR groups have a similar frequency (p > 0.05).  

 

 

Discussion  

In this study, from a clinical aspect, the patients were divided into five groups based on resistance 

to principal anti-myco- bacterium drugs. This idea was based on the clinical differences between, 

for example, an MDR case resistant to INH and RIF (but not to EMB, PZA, or SM) and an FLR 

case resistant to all first-line drugs. As recommended by the WHO, both of the FLR and MDR 

groups were treated as MDR. For this reason, these items were added. In this respect, mono-

resistant cases differ from susceptible and MDR cases.Out of 934 pulmonary TB patients, 660 

(70.7%) were men. The gender differences were mainly seen in the age group 25–65; the largest 

differences were in the 25–44 age group, and the lowest differences were in the <15 and >65 age 

groups. The male/female ratio of above unity (>1) was the same in all groups except in the 

susceptible group (0.6 and 0.7 for <15 and >65, respectively).The proportions of tuberculosis in 

ages <15 and >65 were 3% and 8.56%, respectively. The male/female ratio in these groups was 

equal. On the other hand, it was found that fe- male patients in the susceptible group under age 15 

and above age 65 were more than men in number. This situation was also seen in the 15–24 MDR 

Table 3 – Treatment status of patients when admitted to hospital, 

based on resistance groups. 

Status  

Susceptible 

 

Mono 

Resistance 

groups 

TMDR 

MDR* FLR 

 

XDR* 

 

Total 

Secondary 

tuberculosis 

184 (48.1 ± 

2.55) 

33 (8.6 ± 

1.43) 

63 (16.5±1.89)

 91 (23.8 

±2.17) 

11 (2.87 

± 0.85) 

382 

(100%) 

Primary 

tuberculosis 

36 (8.7 ± 

1.38) 

33 (7.9 ± 

1.32) 

202 (48.8±2.45)

 103 (24.8 

±2.12) 

40 (9.66 

± 1.45) 

414 

(100%) 

Total 220 (27.6 ± 

1.58) 

66 (8.3 ± 

0.97%) 

265 (33.3 ± 

1.6%) 194 (24.3 

± 1.5%) 

51 (6.4 ± 

0.86%) 

796 

(100%) 

* p < 0.05. 
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age group, in contrast with all other groups. Interestingly, there was not a single patient<15 in the 

mono-resistant group (Mono). 

Approximately 60% of all patients were MDR and FLR, at least to INH and RIF; 51.8% 

of all MDR patients were in the FLR group. It means that around half of the patients did not 

respond to INH and RIF or to the remaining choices of the first-line drugs, so more expensive and 

less effective drugs must be used.After childhood, it was noted that the incidence of TB was 

consistently higher in males until after working age; 70% of cases occurred in males. The greatest 

difference in rates be- tween the genders was in the 24–44 age groups. This observation provides 

compelling evidence of real sex differences rather than a bias in diagnosis and reporting, since this 

is a group where women are known to have greater health-seeking behavior. 

Conclusion  

These groups of patients are detected based on DST results and once results are available, treatment 

is tailoredaccordingly. As a guideline by WHO, four principlesunderline the design of MDR-TB 

treatment regimen. Firstly, the regimen should contain medicines with provenefficacy. Secondly, 

drugs of possible cross-resistanceshould be avoided. For example, cross-resistance is known to 

occur between rifampicin/rifabutin and amikacin/kanamycin (55). Thirdly, unsafe drugs are 

excluded. Drugsare classified as unsafe if the quality is unknown or results in severe allergic 

reactions such as deafness, renal failureand psychosis. Finally, drug selection is made from the 

fivegroupings of anti-tubercular drugs in a hierarchal manner. This leads to the choice of anti-

tubercular drugs for drugresistantpatients. Anti-tubercular drugs for drug-resistantTB regimen 

have recently been regrouped by the WHO to optimize treatment success. Under thenew WHO 

recommendations, treatment regimen for drug resistant TB should include first line drug; 

pyrazinamide (except when there is reliable DST results for resistance topyrazinamide) and four 

core second-line drugs to achieve aminimum of five effective drugs. The second line drugs are 

selected one each from Group A and Group B plus aminimum of two drugs from Group C. 

Additional drugsmay be added from Groups D2 and D3 to make achieve aminimum of five drugs 

if previous selections to not meetthe minimum number of five effective drugs. Additionally, high 

dose of isoniazid and/or ethambutol may be included to further strengthen the regimen. The 

duration ofregimen may either be short term or long term. Short termtreatment lasting between 9–

12 months is recommended for drug resistant TB patients who have not been previouslytreated 

with second-line drugs or have not shown resistanceto fluoroquinolones or the second-line 

injectables. On the contrary, longer regimen involving 18 months or more isrecommended for 

MDRTB and XDRTB patients. 
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Abstract 

Interferon Gamma Release Assays (IGRAs) were developed for the indirect or immunologic 

diagnosis of tuberculosis infection; however, they have also been used to assist in difficult to 

diagnose cases of tuberculosis disease in adults, and to a lesser extent, in children, especially in 

those under 5 years old. Interferon-gamma release assay (IGRA)-positive rates and false-positive 

rates among the five age groups examined. Both rates were significantly different among age 

groups (all p-values <0.001). p-values were obtained by chi-square tests for trend. Interferon-

gamma release assay (IGRA)-positive rates among the four anatomic types of uveitis and between 

patients with and without retinal vasculitis. The IGRA-positive rates were significantly different 

among the four anatomic groups (p = 0.001). Patients with retinal vasculitis had higher positive 

IGRA rate (p < 0.001) than those without retinal vasculitis. p-values were obtained using chi-

square tests. 

 

Keywords: Mycobacterium tuberculosis; drug resistance; blood; patients; IGRA 

 

Introduction  

India, with its populace of over 1000 million is probable to account for approximately 30% of the 

global tuberculosis burden (Dye et al., 1999). Tuberculosis (TB) remains to be major health 

problematic in India because of its high illness and humanity 9 (Murray and Lope, 1996). Around  

2 billion, nearly one- third of the world inhabitants, are thought to be diseased with mycobacterium  

Tuberculosis In addition to the people with active TB, Many other are asymptomatic carriers 

(Latent TB) and many develop active TB at same tie in their lives (WHO, 2001). India account for 

closely one 3rd of the universal difficult of tuberculosis and it is a key barrier to socioeconomic 

growth along with being one of India’s most important public health problem. In India tuberculosis 

kill 14 times more people than all tropic diseases combined, 21 times more than malaria and four 

hundred times more than leprosy. Every day in India more than 20000 people become infected 
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with tubercle bacillus, more than 5000 develop the diseases and more than 1000 die from 

tuberculosis. Every year another 20 lakhs people develop tuberculosis in India. The direct and 

indirect cost of TB to the country amount to Rs: 12000 crore (US dollar 3 billion) per year. 

 

Tuberculosis (TB) is an infectious disease usually caused by the bacterium Mycobacterium 

tuberculosis (MTB). (WHO, October 2015) Tuberculosis generally affects the lungs, but can also 

affect other parts of the body. (WHO, October 2015) Most infections do not have symptoms, in 

which case it is known as latent tuberculosis. (WHO, October 2015) About 10% of latent infections 

progress to active disease which, if left untreated, kills about half of those infected. (WHO, October 

2015) The classic symptoms of active TB are a chronic cough with blood-containing sputum, 

fever, night sweats, and weight loss. (WHO, October 2015) The historical term "ingestion" came 

about due to the weight loss. Infection of other organs can cause a wide range of symptoms. (Dolin 

et al, 2010). Tuberculosis is spread through the air when people who have active TB in their lungs 

cough, spit, speak, or sneeze. (CDC, March 2012). People with latent TB do not spread the disease. 

(WHO, October 2015) Active infection occurs more often in people with HIV/AIDS and in those 

who smoke. (WHO, October 2015). Diagnosis of active TB is based on chest X-rays, as well as 

microscopic examination and culture of body fluids(Konstantinos A,2010).  Diagnosis of latent 

TB relies on the tuberculin skin test (TST) or blood tests. (Konstantinos A,2010). Prevention of 

TB involves screening those at high risk, early detection and treatment of cases, and vaccination 

with the bacillus Calmette-Guérin (BCG) vaccine. (Hawn TR et,al, 2014) ( Harris and Randall E. 

2013) (WHO, October 2008)  Those at high risk include household, workplace, and social contacts 

of people with active TB. (WHO, October 2008) Treatment requires the use of multiple antibiotics 

over a long period of time. (WHO, October 2015) Antibiotic resistance is a growing problem with 

increasing rates of multiple drug-resistant tuberculosis (MDR-TB) and extensively drug-resistant 

tuberculosis (XDR-TB). (WHO, October 2015). Presently, one-third of the world's population is 

thought to be infected with TB. (WHO, October 2015)  New infections occur in about 1% of the 

population each year. In 2016, there were more than 10 million cases of active TB which resulted 

in 1.3 million deaths. This makes it the number one cause of death from an infectious disease. 

More than 95% of deaths occurred in developing countries, and more than 50% in India, China, 

Indonesia, Pakistan, and the Philippines. The number of new cases each year has decreased since 

2000. (WHO, October 2015) About 80% of people in many Asian and African countries test 

positive while 5–10% of people in the United States population test positive by the tuberculin 

test.(Kumar V et, al,2007). Tuberculosis has been present in humans since ancient times (Lawn 

SD and  Zumla AI, July 2011). 

 

Timely and accurate diagnosis of tuberculosis (TB) disease in patients must be given a high priority 

by medical practitioners for the following reasons: global burden of TB disease children carry 6% 

of the global burden of TB disease; more likely to develop the most severe forms of disseminated 

and meningeal TB, which is due to the immature immune system.However, diagnosis of TB is 

challenging because symptoms are often non-specific, specimens may be difficult to obtain, and 
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bacteriological confirmation is less frequent than in adults. Furthermore, children younger than 5 

are more likely to have severe extra-pulmonary TB while the most severe cases of TB are often 

seen in infants. For these reasons, diagnosing TB in patients warrants additional efforts.Interferon 

gamma release assays (IGRAs) are promising alternatives to the tuberculin skin test (TST). 

However, few studies have investigated their use in young children and infants. Consequently, 

guidelines from the American Academy of Pediatrics state that IGRAs are not recommended for 

routine use in children younger than five years of age due to a lack of published data.IGRAs have 

been used mainly in the indirect or immunologic diagnosis of tuberculosis infection. They also can 

be used to assist in a diagnosis of tuberculosis disease in cases that are difficult to obtain a 

microbiological diagnosis or that need early diagnosis. Therefore, we have performed a study in a 

hospital setting to help provide the accuracy of an IGRA in the tuberculosis patients in an urban 

metropolis 

 

Methods 

Study population and methods: The 934 culture-positive sputum samples referred to the National 

Reference Laboratory of the Research Institute for Pulmonology in Thanjavur from January 2015 

to January 2018 were analysed; 40% of these samples were obtained from Tb Sanatorium, 

Sengipatti patients (hospitalized in  Sengipatti) and 60% from other regions (hospitalized in Minsk 

and other regions) equal to patient’s population in the regions. All 934 cases were subjected to a 

drug-resistance test. The anti-microbial drug susceptibility tests (DST) were performed using the 

WHO standard conventional proportional method.  

 

Specimen collection, storage, and handling procedures; criteria for specimen rejection: Collect 1 

ml of blood by venipuncture directly into each of the QuantiFERON TB Gold IT blood collection 

tubes, which include a Nil Control tube, TB Antigen tube and a Mitogen tube. Tubes should be 

between 22° C + 5° C at the time of blood draw. Immediately after filling tubes, shake them ten 

times just firmly enough to ensure the entire inner surface of the tube is coated with blood, to 

solubilize antigens of tube walls. Over energetic shaking may cause gel disruption and could lead 

to aberrant results. Ship tubes to laboratory at 22° C + 5° C as soon as possible and within 16hrs 

of collection. Do not refrigerate or freeze the blood samples. The assay is set up at least once a 

week or more frequently depending on workload. Samples are stored for a minimum 7 days at 2° 

- 8° C after result have been posted. 

 

Blood cultures:Blood cultures using mycobacteria-specific, radioisotope-labeled systems help to 

establish the diagnosis of active TB. However, mycobacterial bacteremia (bacillemia) is detectable 

using blood cultures only if specialized systems are used; these bacilli have specific nutrient 

growth requirements not met by routine culture systems. Such blood cultures should be used for 

all patients with HIV infection who are suspected of having TB, because bacillemia is particularly 

prevalent in this population. If available, in fact, these cultures should be used for any patient 

highly suspected of having active TB. 
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Statistical analysis 

Data obtained from medical records were entered and analyzed using SPSS version 21 (SPSS Inc., 

Chicago, IL, USA). The sensitivity of each IGRA among the different age groups was compared 

using binary logistic regression and linear-by-linear association. Comparisons of continuous 

variables including WBC and lymphocyte counts, CRP, serum protein, and serum albumin levels, 

across age groups were performed using one-way analysis of variance (ANOVA) and post-hoc 

analysis. The effect of each factor on the sensitivity of each IGRA was analyzed by logistic 

regression adjusting for age group. A factor was considered to influence IGRA sensitivity when 

the age group was adjusted by a certain variable or some variables and the sensitivity of the IGRA 

according to age group was statistically insignificant. A p value less than 0.05 was considered 

significant. 

 

Results 

During the research period, 934 pulmonary TB patients were studied, of which 274 (29.33 ± 1.5%) 

(p < 0.001) men in the age group 25–65years outnumbered women between 2.7 and 9.0 times 

more; 660 (70.66 ± 1.5%) of the TB cases were men. In the age group <15–24, as well as in the 

age group over 65 years, the proportion of men and women were similar. In the remaining age 

groups, the proportion of men with TB was significantly higher than women. The total ratio of 

male TB patients among the female patients of all groups surveyed in 2007 was 2.4, which agrees 

with the WHO European Region. In the age group 45–54 the male to female ratio was the highest 

among patients with TMDR-TB.Multiple logistic regressions were performed to identify factors 

associated with the IGRA results (Table 1 and Fig. 1). Age was independently associated with a 

positive IGRA result (p < 0.001), but the anatomic type of inflammation was not (p = 0.176). The 

odds ratio for age adjusted for presumed TRU and anatomic type was 1.06 (95% confidence 

interval [CI], 1.03 to 1.09), and that for age group adjusted for the same confounding variables 

was 1.90 (95% CI, 1.41 to 2.56; p < 0.001). Likelihood ratios were calculated for assessing the 

value of performing the IGRA diagnostic test. The positive likelihood ratio was 3.57 and the 

negative likelihood ratio was 0.00 in our study. 

 

Table 1: Interferon gamma release assay 

 All 

patients 

  IGRA 

result 

    Presumed 

TRU 

 

        

 Positive Negative   TRU Non-

TRU 

 

 (n = 

181) 

p-value  p-value 

  (n = 65) (n = 116)   (n = 

20) 

(n = 161)  
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IGRA = interferon gamma release assay; TRU=tuberculosis uveitis; NA=not applicable   

Age (yr) 43.4 ± 

16.2 

50.0 ± 

13.5 

39.7 ± 

16.4 

<0.001* 45.6 ± 

14.6 

43.1 ± 

16.4 

0.531* 

Sex (male : 

female) 

99 : 82 37 : 28 62 : 54 0.652† 10 : 10 89 : 72 0.655† 

Positive 

IGRA result 

(%) 

65 

(35.9) 

65 (100) 0  NA† 20 (100) 45 (28.0) <0.001† 

Anatomic 

type (%) 

           

Anterior 75 

(41.4) 

20 (30.8) 55 (47.4)  3 (15) 72 (44.7)  

Intermediate 34 

(18.8) 

9 (13.8) 25 (21.6) 0.001† 0  34 (21.1) <0.001† 

Posterior 49 

(27.1) 

29 (44.6) 20 (17.2) 15 (75) 34 (21.1) 

  

Panuveitis 23 

(12.7) 

7 (10.8) 16 (13.8)  2 (10) 21 (13.0)  

With retinal 

vasculitis 

32 

(17.7) 

23 (35.4) 9 (7.8) <0.001† 12 (60) 20 (12.4) <0.001† 
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Fig. 1. Interferon-gamma release assay (IGRA)-positive rates (A) and false-positive rates (B) 

among the five age groups examined. Both rates were significantly different among age groups 

(all p-values <0.001). p-values were obtained by chi-square tests for trend. Interferon-gamma 

release assay (IGRA)-positive rates among the four anatomic types of uveitis and between patients 

with and without retinal vasculitis. (A) The IGRA-positive rates were significantly different among 

the four anatomic groups ( p = 0.001). (B) Patients with retinal vasculitis had higher positive IGRA 

rate (p < 0.001) than those without retinal vasculitis. p-values were obtained using chi-square tests. 

 

Discussion  

The accuracy and reliability of IGRAs among the pulmonary cases in hospital settings is not yet 

well defined. The study selected 934 culture-positive sputum samples referred to the National 

Reference Laboratory of the Research Institute for Pulmonology in Thanjavur from January 2015 

to January 2018 were analysed; 40% of these samples were obtained from Tb Sanatorium, 

Sengipatti patients (hospitalized in ̀ Sengipatti) and 60% from other regions (hospitalized in Minsk 

and other regions) equal to patient’s population in the regions. Intraocular inflammation can have 

many different origins and presents with a wide spectrum of clinical manifestations. If the 
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underlying inflammatory cause is treat-able, prompt and appropriate treatment can result in a 

favorable outcome. In the current study, we examined the IGRA as a diagnostic tool for presumed 

TRU in Korean patients with intraocular inflammation. Our results suggest that the IGRA is highly 

sensitive and moderately specific for TRU (Groenen et al.,1993). A test used for TB screening 

should have good sensitivity and acceptable specificity, so we believe that IGRA can be used as a 

screening test for presumed TRU in Korea. Unfortunately, the TST (Mantoux test) is not useful as 

a screening tool because of the high false-positive rate in the Korean population, which has a very 

high BCG vaccination rate. Therefore, an alternative test is needed for the Korean population, and 

in this study, we evaluated the IGRA as a screening method for TRU. However, the false-positive 

rate (1-specificity) of IGRA was not low and cannot be neglected. Therefore, clinicians should 

consider which patients are more likely to have true TRU. Our analyses showed that younger age 

(≤ 40 years), a positive IGRA, and the presence of posterior uveitis and retinal vasculitis were all 

predictive of TRU (Kenyon et al., 1997; Feng et al., 2009). 

 

Broad-based posterior synechiae, retinal vasculitis (with or without choroiditis), and serpiginous 

choroiditis in patients with latent or manifest TB are clinically suggestive of TRU in TB-endemic 

areas (Kang, 2005). This may explain why the positive predictive value of IGRA was greater in 

patients with posterior uveitis and retinal vasculitis. Sever-al studies have reported that vasculitis 

can occur from a TB infection, and it may be associated with hypersensitivity to MTB (Godfrey-

Faussett, P. and Stoker, N.G.1992). We examined how a positive IGRA result should be 

interpreted in patients with suspected TB uveitis. Because our older patients tended to have a 

higher IGRA positivity rate, a positive result is likely insufficient to make a definitive TRU 

diagnosis, especially in elderly patients with intraocular inflammation. This result is comparable 

to those of (Kang et al.1980), who reported that positive IGRA rates are positively and linearly 

correlated with patient age. In our study, the age of patients with and without TRU were not 

significantly different, so this relationship did not result from inherent group differences in age 

(Hensel et al., 2016). We also examined which patients should have the IGRA performed for 

diagnosing presumed TRU. Patients with intraocular inflammation usually undergo extensive 

diagnostic workups to identify the underlying inflammatory cause (Poulet et al., 1995). Performing 

the IGRA on all patients with intraocular inflammation would not be cost-effective. Therefore, we 

recommend having the IGRA done for patients with a clinical presentation suggestive of TRU, 

including retinal vasculitis and posterior uveitis. In addition, because a positive IGRA result in a 

young patient with posterior uveitis or retinal vasculitis likely indicates TRU, the test should be 

heavily considered if a concurrent TB infection is suspected (Rajendran et al., 2011;Rodrigues et 

al., 1990). 

 

Conclusion  

Tuberculosis remains one of the most-deadly infectious diseases and has claimed millions of lives 

for manyyears. While significant progress has been made towardscontrolling the global burden of 

TB over the past decade,more efforts are still needed. Emerging issues such as multidrug-
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resistance threatens to revert the progress maderegarding TB care and control. The knowledge base 

for TB remains a rapidly expanding area and global guidelines arecontinually being refined for 

instance to incorporate newanti-tubercular drugs to tackle issues of resistance. Health 

professionals, policy makers, patients and the general public need to keep up-to-date with current 

trends in TBmanagement and control. This will be essential for efficient adoption of global 

guidelines to country-level situation, particularly taking into consideration issues such as 

diseaseburden, health system structures and available resources. 
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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 

clinical conditions encountered in hospital settings, often 

resulting in prolonged hospitalization, increased healthcare 
costs, and significant morbidity and mortality. The global 

burden of BSIs has escalated with the emergence of 

multidrug-resistant (MDR) organisms, posing challenges 

for timely diagnosis and effective antimicrobial 

management[1]. Infections originating from various sources 

such as the lungs, urinary tract, gastrointestinal tract, or 

indwelling catheters can lead to bacteremia or septicemia, 

which if left untreated or improperly managed, can progress 

to septic shock and organ failure. This underscores the 

critical need for early diagnostic indicators that can aid in 

initiating prompt and targeted therapy before 
microbiological confirmation is available[2]. 

C-reactive protein (CRP) is a hepatic acute-phase reactant 

synthesized in response to cytokines, particularly 

interleukin-6 (IL-6), during systemic inflammatory 

responses. As a nonspecific marker, CRP has long been 

used to assess the severity and progression of infections, 
inflammation, and tissue injury. Elevated CRP levels are 

especially prominent in bacterial infections compared to 

viral or non-infectious inflammatory conditions. In the 

context of BSIs, CRP may offer valuable insight into the 

systemic inflammatory burden and the potential severity of 

infection[3]. However, its utility as a correlate for specific 

bacterial isolates and their resistance profiles remains a 

subject of ongoing investigation. 

India, like many low- and middle-income countries, faces a 

dual burden of increasing antibiotic resistance and limited 

access to rapid molecular diagnostics. In such resource-
constrained environments, reliance on traditional 

biomarkers like CRP becomes even more significant[4]. 

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 available[5]. 

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 decisions[6]. 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[7]. 

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. To identify and characterize bacterial isolates obtained 

from blood cultures of these patients. 

3. To determine 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. To assess 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 

 Patients aged ≥18 years with signs and symptoms 

of systemic infection. 

 Blood culture positivity for bacterial pathogens. 

 Availability of serum sample for CRP estimation 

at the time of diagnosis. 

 

Exclusion criteria 

 Patients with viral, fungal, or parasitic 

bloodstream infections. 

 Patients with autoimmune diseases, malignancies, 

or other chronic inflammatory conditions. 

 Those receiving immunosuppressive therapy or 

corticosteroids. 

 Incomplete clinical or laboratory data. 

 

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 

Committee. Informed consent was obtained from all 

participants or their legal guardians prior to inclusion in the 

study. Patient confidentiality and anonymity were strictly 

maintained throughout the research process. 

 

 

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 BSIs. 

 

 

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 

outcomes[8]. 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[9]. 

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 hospitalizations[9]. 

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[10]. 

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 organisms[11]. 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[12]. 

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[13]. 

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 intensity[14]. 

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[15]. 

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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