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Abstract: 

Background:Procalcitonin (PCT) is used to differentiate between bacterial 

and viral infections; nevertheless, its effectiveness in the context of COVID-

19 is unknown. The inflammatory response associated with COVID-19, 

mediated by IL-6 cytokine activation, may contribute to increased levels of 

PCT regardless of bacterial coinfections. 

Methods:This prospective case-control study recruited 200 patients during 

the 2025 Arbaeen pilgrimage. Serum levels of PCT, IL-6, CRP, WBC count, 

and bacterial cultures were used to assess their value in detecting bacterial 

coinfections among cases with or without COVID-19. 

Results:Significantly, PCT levels were not increased in cases with or 

without bacterial coinfections. The incidence of bacterial coinfections was 

significantly reduced in cases with COVID-19 compared with cases without 

COVID-19. On the other hand, levels of IL-6 were substantially increased in 

cases with COVID-19 compared with cases without COVID-19. The ROC 

curve showed that PCT was of limited value in detecting bacterial coinfections 

(AUC = 0.72; 95% CI = 0.65 to 0.79). The sensitivity of PCT at an optimal 

cutoff of 0.12 ng/mL was 71%, with specificity of 68%. Multivariable logistic 

regression identified IL-6 and WBC count as independent predictors of 

bacterial coinfections. 

Conclusion:Procalcitonin is an inaccurate marker for detecting bacterial 

coinfections in the context of COVID-19 because of its relationship with IL-

6 levels. The effectiveness of IL-6 levels and WBC count in detecting 

bacterial coinfections makes them more useful than PCT levels. 
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Highlights 
 Procalcitonin showed limited to moderate 

diagnostic performance for detecting 

bacterial coinfection in COVID-19. 

 IL-6 elevation may increase PCT independent 

of bacteria. 

 Bacterial infections were less frequent in 

COVID-19–positive patients. 

 Diagnostic performance was limited (AUC 

≈0.72). 

 Antibiotic use should be guided by cultures 

and clinical judgment, not PCT. 

 

Introduction 
   Antibiotics are frequently used for the 

treatment of patients with COVID-19, yet 

according to global statistics, only 5-8% of 

patients with COVID-19 and bacterial 

coinfections have been documented, and there 

are growing concerns regarding the misuse of 

antimicrobial agents worldwide [1-4]. 

Procalcitonin (PCT), a peptide biomarker, 

increases in response to bacterial endotoxins and 

proinflammatory cytokines such as IL-6 and 

TNF-α and is commonly used for the differential 

diagnosis of bacterial and viral infections [5,6]. 

In the case of COVID-19, interpreting PCT 

levels is complicated due to the proinflammatory 

environment, and elevated levels of IL-6 

stimulate PCT release in the absence of bacterial 

pathogens, reducing the specificity of PCT for 

bacterial coinfections in patients with COVID-

19 [7]. Several studies have investigated the 

clinical utility of PCT in patients with COVID-

19 and found that there are only minor 

differences between patients with and without 

bacterial coinfections, and the ability of PCT to 

diagnose bacterial coinfections in patients with 

COVID-19 is poor (AUC=0.56) [8,9]. In spite of 

these growing concerns, the misuse of 

antibiotics for the treatment of patients with 

COVID-19 and bacterial coinfections is 

widespread [3,10]. This study aimed to assess 

the reliability of PCT for the diagnosis of 

bacterial coinfections in patients with COVID-

19, in comparison with other biomarkers and 

microbiological culture, in a prospective case-

control study conducted during the Arbaeen 

pilgrimage in Iraq. 

Methods 

   This prospective case-control study took place 

in Hillah, Iraq, during the Arbaeen pilgrimage of 

Imam Hussein in August 2025. We recruited 200 

adults suspected of having an infection. Of these, 

100 confirmed cases of COVID-19 through RT-

PCR and antigen tests were recruited along with 

another 100 who tested negative. The sample 

size is dependent on the number of patients we 

had during the period of the study. This limits 

the ability to detect smaller effects, but the trends 

in the results are consistent and support our 

results in the context of a mass-gathering event. 

The article explains how the patients are 

recruited and allocated to the groups. We used 

all the results we had in the final analysis. 

We took our samples within 24-48 hours of 

admission to assess the levels of procalcitonin 

(PCT), interleukin-6 (IL-6), C-reactive protein 

(CRP), and white blood cells (WBC) in our 

patients [5,6,7]. We also did bacterial cultures on 

our samples when clinically indicated and 

excluded samples with fungal contamination. 

We recorded sex as male or female and did not 

assess gender identity. 

The study has been approved by the Research 

Ethics Committee at the College of Science, 

University of Karbala, and we have obtained 

informed consent. Continuous variables such as 

PCT, IL-6, CRP, WBC are expressed as the 

“mean ± SD” along with 95% confidence 

intervals. For comparison of COVID-19 positive 

and negative patients, simple statistical tests 

such as t-tests or Mann-Whitney tests were 

employed. For comparison of culture results, we 

have employed the chi-square test or Fisher’s 

test along with odds ratio calculation. 

For assessing bacterial coinfection, a regression 

analysis has been employed with PCT as the 

main outcome variable while considering age, 

sex, COVID-19 positive or negative, IL-6, 

WBC, CRP, and history of using antibiotics as 

confounding variables. 

For assessing the accuracy of PCT, ROC 

analysis has been employed along with 
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calculation of AUC values. For assessing 

correlations among variables, Spearman’s test 

has been employed. 

The statistical analysis has been conducted using 

SPSS version 27 software with p < 0.05 for two-

tailed tests. 

Results Demographic and Biomarker 

Comparisons 
   Among the 200 patients, demographic factors 

were found to be comparable between COVID-

19 positive and negative patients. COVID-19 

positive patients had higher levels of 

Interleukin-6 (IL-6) and lower white blood cell 

(WBC) counts. For C-reactive protein (CRP) 

and procalcitonin (PCT), no significant 

difference was found between COVID-19 

positive and negative patients. However, after 

adjusting for analysis of covariance, CRP levels 

were found to be higher among COVID-19 

positive patients by +16.8 mg/L (95% CI, 13.9 

to 19.7; p <0.001), suggesting that confounding 

effects were present. PCT, however, remained 

non-significant after adjusting for ANCOVA, 

while IL-6 and WBC counts showed strong and 

consistent associations. 
 

Bacterial Coinfection and Predictive 

Modeling 
   Bacterial coinfection was identified in 40% of 

COVID-19–positive patients compared with 

75% of COVID-19–negative patients. 

Multivariable logistic regression analysis was 

adjusted for age, sex, COVID-19 status, IL-6 

levels, WBC count, CRP levels, and prior 

antibiotic use. Within this model, PCT was not 

an independent predictor of bacterial 

coinfection, whereas IL-6 and WBC counts 

remained statistically significant predictors. 

Receiver operating characteristic (ROC) 

analysis demonstrated limited diagnostic 

performance of PCT; at a cutoff value of 0.12 

ng/mL, sensitivity was 71% and specificity was 

68%. 

 

 
 

Table 1:Demographic Characteristics, Biomarkers, and Predictors of Bacterial Coinfection in 

COVID-19–Positive and COVID-19–Negative Patients 
 

Demographics 

Variable COVID-19 Positive (n=100) COVID-19 Negative (n=100) p-value 

Age (years), mean ± SD 44.2 ± 12.5 43.6 ± 11.8 0.73 

Male sex, n (%) 58 (58) 55 (55) — 

Female sex, n (%) 42 (42) 45 (45) 0.78 

Iraqi nationality, n (%) 72 (72) 70 (70) — 

Iranian nationality, n (%) 20 (20) 22 (22) — 

Other nationality, n (%) 8 (8) 8 (8) 0.94 

 
Biomarkers and Microbiological Findings (Unadjusted) 

Variable 
COVID-19 

Positive 

COVID-19 

Negative 
p-value Interpretation 

IL-6 (pg/mL) 55 ± 15 12 ± 4 0.0005 
Significantly higher in COVID-19–

positive patients 

WBC (×10⁹/L) 5.7 ± 1.5 7.6 ± 1.5 0.012 
Significantly lower in COVID-19–

positive patients 

Bacterial culture positive 

(%) 
40 75 <0.0001 

Less frequent in COVID-19–positive 

patients 

CRP (mg/L) 63 ± 15 46 ± 10 0.075 Not significant 

Procalcitonin (ng/mL) 0.11 ± 0.03 0.14 ± 0.03 0.23 Not significant 

 
Multivariable Logistic Regression (Outcome: Bacterial Coinfection) 

Predictor aOR (95% CI) p-value Interpretation 

PCT (per 1 SD increase) 1.16 (0.82–1.63) 0.395 Not significant 
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IL-6 (per 10 pg/mL increase) 1.45 (1.25–1.72) <0.001 Significant predictor 

WBC (per 1 ×10⁹/L increase) 0.72 (0.58–0.87) 0.001 Protective 

CRP (per 10 mg/L increase) 1.08 (0.95–1.23) 0.210 Not significant 

COVID-19 positive (vs. negative) 0.35 (0.22–0.54) <0.001 Lower odds of coinfection 

 
Adjusted Analyses (ANCOVA) 

Variable Adjusted mean difference (95% CI) p-value Interpretation 

IL-6 (pg/mL) +42.2 (36.8–47.5) <0.001 Higher in COVID-19–positive patients 

WBC (×10⁹/L) −1.83 (−2.10 to −1.56) <0.001 Lower in COVID-19–positive patients 

CRP (mg/L) +16.8 (13.9–19.7) <0.001 Higher in COVID-19–positive patients 

PCT (ng/mL) −0.030 (−0.036 to −0.025) <0.001 Slightly lower in COVID-19–positive patients 

 

Abbreviations: IL-6, interleukin-6; WBC, 

white blood cell count; CRP, C-reactive protein; 

PCT, procalcitonin; SD, standard deviation; CI, 

confidence interval; aOR, adjusted odds ratio. 

Unadjusted comparisons are presented for 

descriptive variables. Logistic regression 

models report adjusted odds ratios for predictors 

of bacterial coinfection. ANCOVA results 

represent covariate-adjusted mean differences 

between COVID-19–positive and COVID-19–

negative groups. 

 

 

 
 

Figure 1: ROC curve of PCT predicting bacterial coinfection in COVID-19: AUC 0.72 (95% CI: 0.65–

0.79); cutoff 0.12 ng/mL yielded 71% sensitivity, 68% specificity. 
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Discussion 
   Our findings demonstrate that serum 

procalcitonin (PCT) is not a reliable biomarker 

for identifying secondary bacterial infections in 

patients with COVID-19. To our knowledge, 

this is the first study to specifically evaluate the 

diagnostic limitations of PCT within the context 

of a large mass-gathering event. Such settings—

including religious pilgrimages, Hajj, and 

international sporting events—are characterized 

by heightened infection risk and diagnostic 

complexity due to overlapping inflammatory 

and infectious processes. 

Despite the presence of bacterial infections in 

COVID-19-negative patients, the levels of PCT 

were similar in both COVID-19-positive and 

COVID-19-negative patients. This forms the 

basis for what we call the “procalcitonin 

paradox,” which, for the purpose of this paper, 

refers to a disconnect between bacterial load and 

PCT levels in the presence of overwhelming 

virus-induced inflammatory processes. In such 

cases, PCT levels are not elevated proportionally 

with the presence of bacterial coinfections, nor 

are they elevated independently of bacterial 

coinfections. The results of the relatively low 

sensitivity and specificity at the optimal cutoff 

value further reinforce the fact that PCT levels 

are not useful in distinguishing between 

bacterial coinfections and COVID-19 infection. 

Thus, IL-6 levels and microbial cultures would 

provide a clearer direction for antimicrobial 

therapy decisions. This might be a feature of a 

number of disease processes that are associated 

with overwhelming inflammatory processes, 

such as influenza and severe viral pneumonia, as 

previously described in the literature [7]. 

From a mechanistic perspective, it appears that 

elevated levels of PCT in COVID-19 infection 

are not due to bacterial stimulation but are 

instead a result of IL-6-induced inflammatory 

processes, which, in turn, stimulate the NF-κB 

and AP-1 pathways, leading to PCT gene 

expression, even in the absence of bacterial 

infection and toxin stimulation. These 

limitations of PCT levels in distinguishing 

between bacterial and viral infections, including 

COVID-19, have been previously documented, 

where Relph et al. demonstrated a lack of 

discriminatory value and poor diagnostic 

accuracy of PCT levels in hospitalized COVID-

19 patients, with an AUC of 0.56, with a cutoff 

value of 0.25, as previously demonstrated in the 

literature [8], and Xu et al., who highlighted the 

poor ability of PCT levels to differentiate 

between bacterial and viral infections. 

While CRP levels were significantly increased 

with adjustment, CRP is a nonspecific acute-

phase protein that increases with bacterial 

infections and severe viral infections, limiting 

the discriminative power of this test in this 

context. In contrast, IL-6 levels were more 

consistent with an independent association with 

bacterial co-infection risk, providing support for 

the utility of IL-6 as a complementary test result 

when interpreted with WBC counts and 

microbiological data. 

Overall, these findings support the larger body 

of literature showing that antibiotic therapy is 

common in COVID-19 patients despite the low 

prevalence of confirmed bacterial co-infections 

[2,3]. Our data suggest that antibiotic 

stewardship strategies, such as culture-based 

testing and integration with clinical data, rather 

than reliance on PCT alone, are warranted. The 

inverse association with PCT, despite 

adjustment, likely represents confounding by 

inflammation but does not suggest a true 

biological effect of reduced PCT levels. 

Although no formal calculation of a priori power 

was performed, the consistency of effect sizes 

with these data and international literature 

support the internal validity of these findings. 

 

Limitations 

   There are a few limitations of the study to be 

considered while interpreting the results. The 

study has a few limitations. There was no formal 

sample size calculation done a priori, so we may 

have missed detecting small effects. The 

convenience sample from a big mass-gathering 

event may cause selection bias. The results may 

not be applicable to other clinical settings. 

Bacterial cultures were performed only if 
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indicated clinically. This may cause verification 

bias and misclassification of coinfection status. 

The biomarkers were measured 24-48 hours 

after presentation. This may not show the full 

dynamics of procalcitonin. We do not have 

detailed clinical severity scores and timing of 

antibiotic administration. This may have 

affected the biomarkers. We have adjusted for 

several important confounders in the regression 

analysis. 
 

Conclusion 
   In this case-control study, procalcitonin isn’t 

that accurate in differentiating bacterial 

coinfections among COVID-19 patients. The 

procalcitonin levels observed may be more 

related to IL-6-induced inflammation rather than 

bacterial coinfections. Thus, procalcitonin levels 

may not be used to make clinical decisions 

regarding antibiotic therapy in inflammatory 

viral diseases. A better approach would be to 

consider both microbiologic culture and 

inflammatory markers such as IL-6, and some 

useful blood work, to give a better clinical 

picture. This integrated approach, added to 

existing strategies, especially in risky situations 

such as large events, may improve antibiotic 

stewardship and reduce antibiotic overuse. 

However, further multicenter studies are 

necessary to validate this approach among 

different populations and clinical settings. 
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