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ABSTRACT 
Objective: Real-time multiplex polymerase chain reaction (PCR) test increases the detec-
tion of viral respiratory tract infections. This study aimed to evaluate the effect of real-time 
multiplex PCR on antibiotic use in viral respiratory tract infections. 

Materials and Methods: This retrospective study included patients who underwent res-
piratory multiplex PCR tests. Patients were grouped into influenza-like illness, viral pneu-
monia, bacterial pneumonia, and co-infection. These groups were compared in terms of 
antibiotic use. 

Results: A total of 352 patients were included in the study. The most frequently detected 
viral agent was the human rhinovirus (24.3%). The frequency of antibiotic use and the me-
dian duration of antibiotic use were higher in the viral pneumonia group compared to the 
influenza-like illness group (p=0.003 and p<0.007). 

Conclusion: Despite a confirmed viral etiology by PCR, antibiotic use remained high, par-
ticularly in cases of viral pneumonia. These findings underscore the need for targeted anti-
microbial stewardship interventions, including clinician education and integration of diag-
nostic-therapeutic approaches, to optimize antibiotic prescribing in respiratory infections.

Keywords: Respiratory tract infections, viral pneumonia, real-time multiplex PCR, inappro-
priate antibiotic use
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INTRODUCTION

Respiratory tract infections are among the most common causes of hospitalizations 
worldwide (1). An important part of respiratory tract infections is caused by viral 
pathogens (2). Respiratory viruses are associated with 22% to 26.2% of communi-

ty-acquired pneumonia (3-5). However, clinical signs and symptoms, physical examina-
tion, routine laboratory tests, and routine microbiological evaluation of respiratory tract 
specimens are not sufficient to distinguish between bacterial and viral respiratory tract 
infections. Therefore, one of the leading causes of inappropriate antibiotic use is respira-
tory tract infections.

The widespread use of molecular methods enhances the detection of viral respiratory 
tract infections. Despite the increasing frequency of detecting viral agents, their impacts 
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on patient management and antibiotic use are vari-
able. Between %30 to 74% of patients with positive 
viral polymerase chain reaction (PCR) test results 
in respiratory samples receive antibiotic therapy 
(6,7). Inappropriate antibiotic use leads to serious 
problems, including the development of resistant 
microorganisms, adverse events, and increased 
healthcare costs (8,9). Viral PCR test results can re-
duce antibiotic use when accompanied by active 
feedback mechanisms (10,11). However, the reduc-
ing effect on antibiotic use may differ between pa-
tient groups, centers, and countries (12,13).

Given these challenges, there is a growing need to 
better understand how diagnostic tools influence 
clinical decision-making. Real-time multiplex PCR 
has emerged as a promising method for rapidly 
identifying viral pathogens. Clarifying its impact on 
antibiotic prescribing patterns can inform targeted 
stewardship strategies. This study aimed to evalu-
ate the effect of real-time multiplex PCR on antibi-
otic use in viral respiratory tract infections.

MATERIALS AND METHODS
Study Design
This was a single-center, retrospective, descriptive 
study. Inpatients and outpatients who underwent 
respiratory multiplex PCR testing between January 
1, 2016, and December 31, 2018, were included in 
the study. 

Study Sample
The study included individuals aged ≥18 years from 
whom nasopharyngeal swabs or lower respiratory 
tract specimens were obtained for multiplex respi-
ratory PCR analysis. Patients were excluded if they 
were <18 years of age, immunosuppressed (hema-
tological or solid organ malignancies, HIV infec-
tion, or organ transplant recipients), or if three or 
more viral pathogens were detected in the same 
specimen.

Data Collection
Demographic and clinical characteristics, laborato-
ry findings (hemogram, biochemistry, inflammato-
ry parameters such as C-reactive protein [CRP] and 
procalcitonin), radiological results (chest radiogra-
phy and thoracic computed tomography), and mi-
crobiological data (multiplex PCR and sputum cul-

ture) were retrieved from the hospital automation 
system. The duration of antibiotic use was obtained 
from the hospital automation system for inpatients 
and from the prescription follow-up system for out-
patients. For outpatients, antibiotic duration was 
calculated based on the prescribed dose, package 
content, and number of packages dispensed. 

Clinical Definitions
Patients were categorized into four groups: influ-
enza-like illness, viral pneumonia, bacterial pneu-
monia, and co-infection. Influenza-like illness was 
defined as the detection of at least one viral agent 
by respiratory tract multiplex PCR, absence of bac-
terial growth in sputum culture, a procalcitonin 
level <0.25 ng/mL, and no infiltration on chest X-ray 
or thoracic computed tomography (CT). Viral pneu-
monia was defined as the detection of at least one 
viral agent by respiratory tract multiplex PCR test, 
absence of bacterial growth in sputum culture, a 
procalcitonin level <0.25 ng/mL, and the presence 
of infiltrates on chest X-ray or thoracic CT. Bacterial 
pneumonia was defined as the presence of bacterial 
growth in sputum culture together with infiltrates 
on chest X-ray or thoracic CT (14,15). Co-infection 
was defined as pneumonia developing within the 
first 72 hours in patients in whom both viral and 
bacterial pathogens were detected by respiratory 
tract multiplex PCR and sputum culture. For bac-
terial pathogens, significant growth was defined as 
meeting high-quality criteria, as leukocyte count 
>25 per field and epithelial cell count <10 per field, 
and a quantitative cutoff of ≥104 colony-forming 
units (CFU/mL) for bronchoalveolar lavage (BAL) 
samples and ≥105 CFU/mL for sputum and tracheal 
secretions (16).

HIGHLIGHTS

•	 Rapid viral identification via multiplex PCR did 
not prevent excessive antibiotic use.

•	 Antibiotics were overused in cases of confirmed 
viral pneumonia, despite the absence of bacterial 
infection.

•	 Molecular diagnostics alone are insufficient; 
stronger antimicrobial stewardship programs are 
urgently needed.



Infect Dis Clin Microbiol 2025; 7(4): 403-10

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License. 405

Study Protocol 
All patients who met the inclusion criteria were 
enrolled in the study. Patients were divided into 
groups according to the clinical definitions de-
scribed above. These groups were compared in 
terms of the total duration of antibiotic use, as well 
as the duration of antibiotic use before and after 
multiplex PCR test results.

Sixteen respiratory viral pathogens detectable by 
multiplex real-time PCR using the QIAstat Respira-
tory Pathogen Panel (Qiagen, Netherlands) are pre-
sented in Table 1. Comparative analyses performed 
with QIAstat-Dx RP have demonstrated a positive 
predictive value of 94.0% and a negative predictive 
value of ≥97.9% (17).

Statistical Analysis
Data were analyzed using IBM SPSS Statistics, ver-
sion 20.0 (IBM Corp., Armonk, NY, USA). The nor-
mality of data distribution was assessed using 
the Shapiro-Wilk test, histograms, and Q-Q plots. 
Categorical variables were expressed as counts (n) 
and percentages (%), whereas continuous variables 
were expressed as mean ± standard deviation (SD) 
or as median with interquartile range (IQR, 25th–
75th percentile). 

Categorical variables were compared using the 
Chi-square test. Continuous variables were ana-
lyzed using the Mann-Whitney U test for non-nor-
mally distributed data and the Student's t-test for 
normally distributed data. The Wilcoxon test was 
used to compare dependent variables that were not 
normally distributed. The Kruskal-Wallis test was 
used to make comparisons across more than two 
independent groups when the data were non-nor-
mally distributed, followed by post-hoc tests when 
appropriate.

A p-value of <0.05 was considered statistically sig-
nificant. Graphs were generated using GraphPad 
Prism, version 9 (GraphPad Software, San Diego, CA, 
USA).

RESULTS

A total of 657 patients who underwent respiratory 
viral multiplex PCR testing were evaluated; however, 

325 patients were excluded according to the study’s 
exclusion criteria. The final study cohort consisted 

Table 1. Viral agents identified by multiplex real-time PCR.

Viral agents

Influenza A

Influenza B

Influenza A (H1N1)

Human parainfluenza virus types 1–4

Human rhinovirus

Human coronavirus (NL63, 229E, OC43, HKU1)

Human metapneumovirus A/B

Human bocavirus

Human respiratory syncytial virus A/B

Human adenovirus

Human parechovirus

Enterovirus

Table 2. Demographic and clinical characteristics of the 
patients.

Variables n (%)

Sex (female) 161 (45.7)

Age (years), median (IQR 25–75%) 60 (40.2–72)

Comorbid diseases

Diabetes mellitus 79 (22.4)

Chronic renal failure 66 (18.8)

Cardiovascular disease 75 (21.3)

Chronic pulmonary disease 106 (30.1)

Hypertension 144 (40.9)

Chronic liver failure 8 (2.3)

Viral infections 74 (21)

Influenza-like illness 45 (60.8)

Pneumonia 29 (39.2)

Pneumonia 159 (45.2)

Viral 29 (18.2)

Bacterial 69 (43.4)

Co-infections 61 (38.4)
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of 352 patients. The demographic and clinical char-
acteristics of the patients are presented in Table 2.

At least one viral agent was detected in 173 (49.1%) 
patients. The most frequently detected viral agents 
were human rhinovirus (n=42, 24.3%), human coro-
navirus (n=22, 12.7%), and influenza viruses (n=20, 
11.6%). More than one viral agent was detected in 
49 samples (28.3%) (Figure 1). The mean duration 
from specimen collection to receipt of multiplex vi-
ral PCR results was 4.68 ± 3.26 days.

Antibiotic use was documented in 64.4% (n=29) of 
patients with influenza-like illness and in 93.1% 
(n=27) of those with viral pneumonia (p=0.003, Chi-
square test) (Figure 2). Among patients receiving 
antibiotic therapy, the median total duration of an-
tibiotic use was 7 days (IQR, 5.5–10) in the influen-
za-like illness group and 10 days (IQR, 7–14) in the 
viral pneumonia group (p<0.007, Mann-Whitney U 
test) (Figure 2). In patients with influenza-like ill-
ness who received antibiotics, the median duration 
of antibiotic use before and after a positive viral 
multiplex PCR was 5 days (IQR, 2–7) and 2 days 
(IQR, 0–5.5), respectively (p=0.062, Wilcoxon test). In 
the viral pneumonia group, these durations were 6 
days (IQR, 3–9) and 4 days (IQR, 0–7), respectively 
(p=0.247, Wilcoxon test).

Patients with pneumonia (viral, bacterial, and 
co-infection) were further compared in terms of 
antibiotic use and clinical outcomes (Table 3).

DISCUSSION

In this study, despite PCR-confirmed viral positivity, 
the rate of antibiotic use remained high, particu-
larly among patients with pneumonia. Antibiotics 

Figure 1. Distribution of single and multiple viral agents detected by 
multiplex PCR in the study population.

Figure 1. Frequency of antibiotic use and total antibiotic duration.
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were most frequently initiated before positive viral 
PCR results were available, especially in cases of 
influenza-like illnesses; their duration decreased 
after results were obtained. On the contrary, in 
pneumonia cases, positive viral PCR results did not 
significantly alter the clinicians’ antibiotic prescrib-
ing practices.

Overall, antibiotics were used in approximately 
three-quarters of viral respiratory tract infections. 
Respiratory tract infections are among the most 
common causes of inappropriate antibiotic use 
worldwide, largely due to difficulty in clinically dis-
tinguishing between viral and bacterial etiologies 
(18). Although molecular methods have improved 
the detection of viral agents, the reported frequen-
cy of inappropriate antibiotic use still ranges from 
30% to 74% (6,7). In our study, the mean turnaround 
time for viral multiplex PCR results was 4.68 ± 3.26 
days. Within the influenza-like illness group, the 
median duration of antibiotic use prior to receiv-
ing a positive viral multiplex PCR result was 5 days 
(IQR, 2–7), compared to 2 days (IQR, 0–5.5) after the 
results became available. This suggests that most 
antibiotic use in this group occurred before confir-
mation of viral etiology. 

A randomized controlled trial previously demon-
strated that PCR tests with a 24-hour turnaround 
time had no significant impact on antimicrobial 
use, whereas a review reported that rapid PCR re-
sults obtained within 7 hours may reduce antimi-
crobial utilization (19,20). The same review empha-
sized the importance of antimicrobial stewardship 
processes. We believe that implementing diagnostic 
tests with feasible turnaround times at each center, 

coupled with integration of clinical decision-sup-
port systems, could contribute to reducing the du-
ration of antibiotic use.

In our analysis, no statistically significant differ-
ence was observed in antibiotic duration before and 
after PCR results in the pneumonia group. This find-
ing suggests that the presence of radiological evi-
dence of pneumonia may outweigh the influence of 
molecular test results in guiding clinical decisions, 
leading clinicians to maintain antibiotic therapy 
for guideline-recommended durations even when 
viral etiology is confirmed. By contrast, in the in-
fluenza-like illness group, a trend toward shorter 
antibiotic duration following positive PCR results 
was observed, indicating a modest but potentially 
meaningful impact on prescribing behavior. These 
patterns highlight that while rapid molecular di-
agnostics can support more targeted therapy, their 
influence is strongly modulated by the clinical con-
text and diagnostic category.

Viral pathogens were responsible for 22% to 26.2% 
of community-acquired pneumonia (3-5). How-
ever, in lower respiratory tract infections, clinical 
findings and routine microbial diagnostic tests are 
often insufficient to differentiate between bac-
terial pneumonia and viral pneumonia (21,22). 
Moreover, the frequency of viral-bacterial co-in-
fection in community-acquired pneumonia cases 
ranges from 13% and 40% (6,23). Similarly, in this 
study, 38% of pneumonia developed as a result of 
viral-bacterial co-infection. For these reasons, cli-
nicians tend to prescribe antibiotics in cases of 
pneumonia (18). The initiation and continuation 
of antibiotics are associated with the presence of 

Table 3. Demographic and clinical characteristics of infective endocarditis cases caused by Corynebacterium striatum (n=53)

Viral pneumonia
n=27

Bacterial pneumonia
n=69

Co-infection
n=61 p

Antibiotic use, n (%) 27 (93.1) 69 (100) 60 (98.4) 0.082

Total duration of antibiotic use, days, median  
(IQR, 25–75%) 10 (7–14) 14 (9–18) 13 (10–15.5) 0.083*

Duration of antibiotic use before PCR result, days, 
median (IQR, 25–75%) 6 (3–9) 7 (3.5–10) 6 (3–9) 0.741*

Duration of antibiotic use after PCR result, days, median 
(IQR, 25–75%) 4 (0–7) 6 (2–10) 7 (2.5–10.5) 0.177*

*Kruskal-Wallis test, **Chi-square test.
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radiological findings of pneumonia (24,25). Branche 
et al. (26) showed that infiltration on chest X-ray 
is the most important factor for clinicians to use 
antibiotics. Weiss et al.’s (27) study determined that 
the frequency of using antibacterial treatment in 
pneumonia cases was high, and antibiotic duration 
was unrelated to viral PCR results.

In this study, antibiotics were prescribed in almost 
all cases of viral pneumonia. In the viral pneumo-
nia group, the duration of antibiotics was similar to 
that in the bacterial pneumonia and co-infection 
groups. The antibiotic duration was completed as 
recommended in guidelines for pneumonia cases, 
despite viral PCR test results being positive. Viral 
PCR findings alone did not influence clinicians’ 
decisions to discontinue antibiotics. Increasing 
awareness of viral PCR testing and providing feed-
back are crucial for changing clinicians' antibiotic 
prescribing practices. Previous studies have shown 
that the frequency and duration of antibiotic use 
can be reduced by increasing clinicians’ awareness 
of multiplex PCR results and integrating these di-
agnostic tools into antimicrobial stewardship pro-
grams (11,28,29).

This study has several potential limitations. Firstly, 
being a single-center study limits the generalizabil-
ity of our findings. However, many studies investi-
gating the impact of respiratory multiplex PCR on 
antimicrobial use have also been single-center, and 
their results have varied. For example, while rapid 
viral diagnostics in Norway did not alter antibiotic 
use, significant improvements have been achieved 
in Türkiye through the implementation of appropri-
ate programs (10,11). These discrepancies may be 

attributable to multiple factors, including the char-
acteristics of the patient population, physicians’ 
prescribing habits, the structural features of the 
healthcare system, and the presence of concurrent 
stewardship programs. Evaluating other potential 
variables will also be important in assessing their 
applicability across broader settings. Secondly, due 
to the retrospective design of the study, we were 
unable to evaluate all factors (demographic charac-
teristics, comorbidities, disease severity, vital signs, 
etc.) that could influence the decision to initiate, 
continue, and discontinue antibiotic therapy. Third-
ly, study groups were created and defined pneumo-
nia according to radiological aspects. This may have 
led to the overlooking of certain conditions that can 
mimic pneumonia, such as atelectasis, pulmonary 
edema, or chronic changes. Fourthly, the duration 
of antibiotic treatment in outpatients was tracked 
through the prescription information system; how-
ever, it could not be evaluated whether the patient 
adhered to the prescribed regimen. Finally, the ab-
sence of data on intensive care unit admissions in 
the viral pneumonia group limited our ability to 
assess the potential impact of disease severity on 
antibiotic use.

In conclusion, despite the detection of a viral agent, 
the frequency of antibiotic use remained high, par-
ticularly in patients with pneumonia. The frequen-
cy of antibiotic use and the duration of treatment 
can be reduced, especially in non-pneumonia cases, 
by shortening the turnaround time for PCR results. 
Some strategies are needed to implement antibiotic 
stewardship programs besides integrating fast mo-
lecular methods in pneumonia cases.
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