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Abstract: Acute respiratory tract infections are the most prevalent illnesses in individuals of all age
groups and are a significant contributor to hospitalization, morbidity, and mortality. In cases of severe
infections, it is vital to quickly diagnose these infections for effective management. This study rapidly
detected the causative organism of acute upper respiratory tract infection using the Film Array
Respiratory Panel 2.1 plus (FARP). It was a cross-sectional study, where N=471 nasopharyngeal swab
specimens were collected from suspected patients with acute upper respiratory tract infections
attending the outpatient department (OPD) of the Bangladesh Institute of Tropical and Infectious
Diseases (BITID). The specimens were tested with the FARP 2.1 plus, an automated multiplex PCR assay
that detects 23 targets, including 19 viruses and 4 bacteria respectively. A total of 471 samples were
tested by FARP 2.1 plus, and we found a notable 71% (333/471) were positive for either single (60%) or
multiple (11%) pathogens. Influenza B virus (22.9%) was the most prevalent, followed by influenza A
(20.2%), Human Rhino/Entero (11.3%), respiratory syncytial virus (8.1%), and SARS-COV-2 (5.2%).
Influenza virus (Flu) and SARS-CoV-2 had a significant impact in single infection (P values <0.0001 and
0.0397), where Adeno virus and Bordetella pertussis had a significant impact in coinfection (P values
<0.0001 and 0.001). Among the co-infections, SARS-CoV-2 and Influenza B virus (12%) were the most
common, where 42% of the time was Human Rhino/Entero. The prevalence of organisms differed by
age, and influenza viruses (A or B) were most common in all age groups, as in Bangladesh, the influenza
virus is mostly involved in respiratory tract infections. Film Array Respiratory Panel 2.1 Plus allows the
rapid simultaneous detection of a wide number of respiratory organisms, with limited hands-on time in
patients with acute upper respiratory tract infection.
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1. INTRODUCTION

Acute respiratory tract infections (ARTIs) are prevalent ailments that affect individuals of all age groups
and contribute significantly to hospitalization rates and mortality. These infections have a global
burden, accounting for approximately 4.0 million deaths and 454.6 million cases worldwide [1]. In 2019,
ARTIs ranked as the third-leading cause of death on a global scale [2]. While various pathogens,
including viruses and bacteria, can cause respiratory tract infections, it is noteworthy that the majority
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(~80%) of these infections are viral in nature [3]. In the general population, influenza A and B viruses,
rhinoviruses, coronaviruses, respiratory syncytial viruses (RSV), adenoviruses, and parainfluenza viruses
are the most commonly circulating viruses associated with ARTIs [4,5]. In addition to viruses, atypical
microorganisms play a significant role in causing respiratory tract infections (RTIs) in children. One of
the most common atypical microorganisms is Mycoplasma pneumoniae (M. pneumoniae), which
accounts for 10-40% of children hospitalized with community-acquired pneumonia [6, 7]. Early
detection of this pathogen is crucial for selecting the appropriate medication. However, diagnosing and
managing patients with acute respiratory tract infections (ARTIs) can be challenging because the clinical
symptoms are very similar, regardless of the causative agents. This poses a difficulty for physicians in
determining the most effective treatment course, as decisions are solely based on clinical presentation.
This reliance on clinical judgment can potentially result in the overuse or misuse of medications. The
emergence of drug-resistant bacteria and the lack of clinical evidence pose significant global challenges.
It is crucial to have data on the causative agents, improved diagnostic techniques, and the spectrum of
drug sensitivity/resistance in order to effectively prevent and treat acute respiratory tract infections
(ARTIs). Without this information, there is a risk of irrational and inappropriate use of antimicrobials,
which contributes to the rise of multi-drug-resistant bacteria [8, 9, 10]. Accurate identification of
pathogens enables clinicians to assess the necessity of further diagnostic testing, as well as the need
for antibacterial or antiviral therapy. This information also aids in making decisions regarding
hospitalization and implementing infection control measures [11, 12]. Currently, commonly used
diagnostic methods for detecting viral or bacterial respiratory pathogens include culture and
immunological techniques [13]. However, although cell culture is considered the gold standard for virus
detection, it can yield inaccurate results during the early stages of the disease and is a time-consuming
and laborious process [14]. Serological tests have the advantage of being faster, but they may have a
low level of accuracy in terms of sensitivity and specificity [15, 16]. On the other hand, multiplex real-
time reverse transcriptase PCR (RT-PCR) has been proven to be more sensitive compared to standard
respiratory virus culture, bacterial culture, and antigen detection methods [17, 18]. This particular test
allows for the amplification of multiple viruses or bacteria in a single reaction, making it easier to
identify the most common causative agents of ARTIs [19]. However, this molecular test is technically
complex and requires separate spaces. For instance, different locations are needed for sample
preparation, reagent formulation, reaction setup, and amplification in order to minimize the risk of
contamination and subsequent false positive results [20, 21]. Hence, there is a pressing demand for
faster, more responsive, and user-friendly tests that can detect multiple respiratory pathogens
simultaneously. To address this need, Film Array multiplex PCR (developed by Bio Fire Diagnostics,
based in Utah, USA, and owned by bioMérieux) has been adopted by numerous laboratories globally.
This molecular system comprises automated extraction of nucleic acid, an initial step of reverse
transcription, and multiplex nested PCR, followed by an analysis of the melting curve [22]. The Film
Array Respiratory Panel (FARP) is both approved by the FDA and CE IVD-marked. The current version of
Film Array RP 2.1 plus can detect 19 viral and 4 atypical respiratory organisms respectively. The
organisms detected by FARP 2.1 plus includes adenovirus, coronavirus 229E (CoV-229E), coronavirus
HKU1 (CoV-HKU1), coronavirus NL63 (CoV-NL63), coronavirus 0C43 (CoV-OC43), human
metapneumovirus (hMPV), human rhinovirus/enterovirus (HRV/EV), influenza A (Flu A), , influenza B
(Flu B), parainfluenza virus 1 (Paral), parainfluenza virus 2 (Para2), parainfluenza virus 3 (Para3),
parainfluenza virus 4 (Para4), respiratory syncytial virus (RSV), Middle East Respiratory Syndrome
(MERS-Co V), Bordetella pertussis (detection of ptx P), Bordetella Para pertussis (detection of 1IS1001),
Chlamydia pneumonia and Mycoplasma pneumonia [23]. Because the human rhinoviruses and
enteroviruses share genetic similarities, a positive outcome using PCR primers for these viruses was
recorded as Rhino/Entero. In addition, the Flu A viruses could be further categorized as influenza A H1
(Flu AH1), influenza A H1-2009 (Flu A H1-2009), and influenza A H3 (Flu A H3) if they were present. The
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testing process is conducted within a closed system, requiring 5 minutes of direct involvement and 45
minutes of instrumentation time. There is limited data available on the application of the Film Array
respiratory panel in detecting ARTI pathogens in symptomatic patients in Bangladesh. Therefore, this
study aims to rapidly detect the causative organism of acute upper respiratory tract infection by Film
Array Respiratory Panel 2.1 plus (FARP) in outpatients visiting BITID with suspected respiratory tract
infections.

2. MATERIALS & METHOD

In this cross-sectional study, we collected nasopharyngeal swab specimens from N=471 individuals
suspected of having acute respiratory tract infections. These patients visited the outpatient department
(OPD) of the Bangladesh Institute of Tropical and Infectious Diseases (BITID). On the sampling day, we
obtained written consent from the patients. In the case of child individuals, we got written consent
from their parents. The Institutional Review Board (IRB) of the BITID approved the ethical permission
for this study. We included an individual of any age suspected of having an acute respiratory tract
infection characterized by the following symptoms: cough, fever, rhinitis, sore throat, nasal congestion,
sneezing, headache, wheezing, throat discomfort, muscle ache, chest tightness, and shortness of breath
within 7 days of appearance. Nasopharyngeal Swab (NPS) was collected according to standard
procedure. To collect the NPS, a sterile swab made of cotton fibers was inserted into the nostrils,
reaching approximately 1 to 1.5 cm, and rotated against the anterior nasal mucosa for 3 seconds. Then,
the NPS sample was immediately placed in viral transport media (VTM). Specimens should be tested as
early as possible. If there is a need for storage of the specimens, we follow the manufacturer's
instructions [23]. Respiratory samples were examined for pathogens using the Film Array respiratory
panel 2.1 plus, capable of detecting 19 viruses and 4 atypical bacteria. The NPS specimen's 300 pl of
viral transport media (VTM) was mixed with 500 pl of sample buffer and injected into the pouch's
sample port as per the manufacturer's instructions. All suspected specimens were handled in a
biosafety cabinet with full personal protective equipment. The pouch's barcode was then scanned using
a barcode scanner. Once the pouch was placed in the machine, the automated process began
immediately. The Film Array RP2.1 plus panel test involves automated extraction of nucleic acid, reverse
transcription, and the first stage of a multiplexed PCR, followed by an individual nested second-stage
real-time PCR on a microarray chip. Results are analyzed in approximately 45 minutes per run, with
each target analyzed in triplicate. The Film Array Torch Software (version 3.1.317.0) from
BioFire/BioMérieux performs automated result analysis using melting curve data, with each targetin a
valid run reported as either 'Detected' or 'Not Detected. ' The Film Array RP2.1 plus incorporates two
internal controls: one for RNA processing and controls for each step within the pouch. In the event that
either internal control fails, the software will automatically generate an 'Invalid' result for all panel
analytes. The data analysis was conducted using the Statistical Package for Social Science (SPSS), version
23.0 from IBM Corporation. Continuous variables were expressed as means*SD, while categorical
variables were represented by frequency and percentages. The comparison of categorical variables was
conducted using the Chi-square test. Fisher's exact test was done to compare pathogen frequencies.
For statistical significance, P < 0.05 was considered.

3. RESULTS & DISCUSSION

A total of 471 samples were examined using the Film array Respiratory Panel 2.1 plus. Among these
samples, 276 (59%) were male, and 195 (41%) were female. The average age was 29.8+15.8, with a
median age of 28. It is worth noting that the largest proportion of participants fell within the 11-30 age
group, accounting for 49% of the total. This was followed by the 31-50 age group, which made up 30%
of the participants. There were also extremes in age, with 9% of participants being 10 years or younger
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and 12% being over 50 years old. As for clinical symptoms, a significant number of participants displayed
symptoms, with cough being the most prevalent (86%), closely followed by fever (82%) Table 01.

Table 01: Demographic and Clinical presentation of ARTI cases

Variable Number (%)
Sex

Male 276 (59%)
Female 195 (41%)
Age, Years

Mean 29.6+ 15.8
Median 28

Age Groups

<10 years 43 (9%)
11-30 years 231 (49%)
31-50 years 142 (30%)
>50 years 55 (12%)

Clinical features

Symptomatic

Fever 386 (82%)
Cough 407 (86%)
Sore Throat 85 (18%)
Runny Nose 49 (10%)
Shortness of Breath 35 (7%)
Headache 35 (7%)
Others 24 (5%)

The positivity rate of ARTI detected by Bio fire Film Array Respiratory panel 2.1 plus. Out of the 471
individuals included in the sample, it was found that a significant 71% (333 out of 471) tested positive
for the condition being investigated. When examining the distribution based on gender, it was observed
that 61% of males and 39% of females tested positive for the condition (p>0.05). Furthermore,
individuals between the ages of 11-30 had the highest rate of positivity at 51%, followed by those in
the 31-50 age group with a rate of 29%. The lowest rate of positivity was observed in individuals <10
years old at 9%, while individuals older than 50 had a rate of 11%, p>0.05 (Table 02).

Table 02: Positivity rate of ARTI cases using Bio fire Film Array Respiratory panel 2.1 plus

All Samples tested (n=471) Number (%)
All Positive 333 (71)
Sex

Male 202 (61)
Female 131 (39)
Age Group

<10 29 (9)
11-30 170 (51)
31-50 97 (29)

>50 37 (11)

A total of 71% of the samples were identified by the Film Array test. Out of 471 samples, 60% (283/471)
detected a single pathogen, 11% (50/471) detected multiple pathogens, and 29% (138/471) did not
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have any pathogen present. The most predominant pathogen detected overall was the influenza virus
accounting for over 43% of all tested specimens with which influenza B (Flu B), accounting for 22.9%
(108/471) of cases, followed by influenza A (Flu A) at 20.2% (95/471), Human Rhino/ Entero at 11.3%
(53/471), and respiratory syncytial virus (RSV) at 8.1% (38/471) respectively (Figure 1). Among the
Influenza A strains, H3 and H1-2009 were detected at rates of 10% and 8%, respectively. We found
2.2% of Influenza A with no subtype detected.
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Figure 01: Positive spectrum of Respiratory pathogen detected by Film Array Respiratory panel 2.1
plus

The frequency of single infections of Flu and SARS-CoV-2 was higher than that of coinfection cases (P
values <0.0001 and 0.0397). Single infection cases for Rhino/Entero and RSV were higher than those of
coinfection, but the difference did not generate a significant P value. In the case of other viruses and
bacteria, we observed that there were no significant differences between single infection and
coinfection cases except Adeno virus and B. pertussis show higher proportion of coinfection (P values
<0.0001 and 0.001) respectively (Figure 02).
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Figure 02: Comparison of viral and bacterial frequency in single infection and coinfection

A total of 50 different types of mixed organisms were identified, with 27 different combinations. Out of
the 471 specimens, 11% (50/471) tested positive for more than one analyte. The most common
combination was the presence of both SARS-CoV-2 and Influenza B, which was found in 12% (6/50) of
the cases. This was followed by a combination of Adenovirus and Influenza B, which accounted for 10%
(5/50) of the cases. Other common combinations included Human Rhino/Entero and Influenza B (8%,
4/50), as well as Human Rhino/Entero and Adenovirus (8%, 4/50) (Table 3). Among the mixed organism-
positive patients, the majority were observed to have Human Rhino/Entero (42%, 21/50), Influenza B
(36%, 18/50), SARS-CoV-2 (24%, 12/50), Adenovirus (24%, 12/50), and RSV (18%, 9/50) (Figure 03).
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Table 03: Distribution of mixed-pathogens combination in NPS specimens

Analyte 1 Analyte 2 Analyte 3 Number
SARS-CoV-2 Influenza B 6
Adenovirus Influenza B 5

Human Influenza B 4
Rhinovirus/Enterovirus
Human Adenovirus 4
Rhinovirus/Enterovirus
Human Influenza A H1-2009 3
Rhinovirus/Enterovirus
Human Influenza A H3 3
Rhinovirus/Enterovirus
Respiratory syncytial virus Human Rhinovirus/Enterovirus 2
Respiratory syncytial virus Influenza B 2
Human Bordetella pertussis 2
Rhinovirus/Enterovirus
SARS-COV-2 Influenza A H3 2
Respiratory syncytial virus Influenza A (no subtype detected) 1
Respiratory syncytial virus Mycoplasma pneumoniae 1
Respiratory syncytial virus Coronavirus NL63 1
Respiratory syncytial virus Adenovirus 1
Respiratory syncytial virus Human Metapneumovirus 1
Human Human Metapneumovirus 1
Rhinovirus/Enterovirus
Human SARS-CoV-2 1
Rhinovirus/Enterovirus
Human Human Metapneumovirus 1
Rhinovirus/Enterovirus
SARS-COV-2 Parainfluenza Virus 4 Bordetella 1
pertussis
SARS-COV-2 Parainfluenza Virus 1 1
SARS-COV-2 Influenza A H1-2009 1
Adenovirus Coronavirus NL63 1
Adenovirus Chlamydia pneumoniae 1
Influenza A H3 Human Metapneumovirus Bordetella 1
pertussis
Influenza A H3 Human Metapneumovirus 1
Influenza B Parainfluenza Virus 1 1
Coronavirus 0C43 Parainfluenza Virus 1 Bordetella 1
pertussis
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Figure 03: The percentage of mixed-pathogen positive specimens positive for the specific pathogen

In all age groups, Influenza B (IFV B) and Influenza A (IFV A) are the most common viral pathogens. Both
IFV A and IFV B contribute significantly to the overall number of influenza cases. The third highest viral
pathogen found in all age groups is Human Rhino/Enterovirus. Other viral pathogens detected did not
show significant prevalence across different age groups. Additionally, only one positive case of viral
pathogens for Coronavirus 229E, Coronavirus OC43, and HPIV 2 was found in the 31-50 years and 11-
30 years age groups. Among bacterial pathogens, Bordetella pertussis and Mycoplasma pneumoniae
were observed in the 11-30 years age group. Furthermore, there was only one patient who tested
positive for C. pneumoniae during the study, and this patient belonged to the > 50year age group. No
positive results were found for Coronavirus HKU1, MERS, and Bordetella Para pertussis during the study
period (Table 04). Acute respiratory tract infection is a significant health issue that has a profound
impact on patients and society. It is particularly prevalent in children and certain individuals with
compromised immune systems [24, 25]. The use of molecular diagnosis, specifically the multiplex PCR
assay, has proven to be a more effective tool compared to routine diagnostic tests. This study rapidly
detected respiratory organisms using Film Array RP2.1 plus and to provide insights into their
prevalence. A total of 471 patients were included in the study, with 276 being male and 195 females.
There was no significant difference in the positive rate between genders. However, there were
noticeable differences observed among various age categories. We found that the prevalence of
pathogens in the age groups of 11 to 30 years and 31 to 50 years was higher compared to other groups.
Various factors, such as lifestyle choices, social interactions, the development of the immune system,
and exposure to crowded environments like schools and workplaces, may contribute to the increased
vulnerability of respiratory pathogens among adults. However, a study revealed that the rates of
pathogen positivity were notably higher in infants (0-6 months), toddlers (7 months - 2 years), and
children (3-6 years) compared to other groups [26]. Another study also identified the highest rate of
positivity at 6 years of age [27]. We analyzed 471 suspected samples of acute respiratory tract infections
using the Bio fire Film Array Respiratory Panel 2.1 plus. Our findings showed that 71% of the samples
tested positive for either a single pathogen (60%) or multiple pathogens (11%). These results align with
previous reports from diverse countries [28, 29, 30]. Previous research suggests that the influenza virus
plays a significant role in respiratory infections worldwide. Our study reveals that the influenza virus is
predominant among patients with acute respiratory tract infections (ARTI), accounting for over 43% of
all tested specimens. These findings align with earlier studies [31, 32, 33]. While most studies have
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identified influenza type A as the dominant strain [32, 34, 35], we observed a slightly higher prevalence
of type B (22.9%) compared to type A (20.2%), which is consistent with a few other studies [36, 37].

Table 04: Prevalence of respiratory pathogens tested in different age groups by Bio fire Film Array

Respiratory panel 2.1 plus

Pathogen <10yrs 11-30yrs 31-50yrs >50yrs
Virus Pos | Prevalence | Pos | Prevalence | Pos | Prevalence | Pos Prevalence
n=43 n=231 n=142 n=55
IFV B 11 25.6% 58 25.1% 31 21.8% 8 14.5%
IFV A 8 18.6% 45 19.5% 26 18.3% 11 20%
Flu A H1 0 0% 0 0% 0 0% 0 0%
Flu A H3 6 13.9% 26 11.3% 11 7.7% 5 9%
Flu A H1-2009 2 4.6% 18 7.8% 13 9.2% 5 9%
Flu A (no 0 0% 3 1.3% 2 1.4% 0 0%
subtype)
Human 5 11.6% 27 11.7% 14 9.9% 7 12.7%
Rhino/Entero
Adeno 2 4.7% 5 2.2% 6 4.2% 3 5.5%
RSV 2 4.7% 21 9% 10 7% 5 9%
Coronavirus 229E | O 0% 0 0% 1 0.7% 0 0%
Coronavirus 0 0% 0 0% 0 0% 0 0%
HKU1
Coronavirus NL63 | O 0% 0 0% 3 2.1% 2 3.6%
Coronavirus 0 0% 1 0.4% 0 0% 0 0%
0C43
SARS-CoV-2 2 4.6% 14 6% 6 4.2% 5 9%
HPIV 1 1 2.3% 3 1.3% 2 1.4% 1 1.8%
HPIV 2 0 0% 1 0.4% 0 0% 0 0%
HPIV 3 1 2.3% 0 0% 2 1.4% 0 0%
HPIV 4 0 0% 1 0.4% 1 0.7% 0 0%
HMPV 0 0% 8 3.5% 1 0.7% 2 3.6%
MERS 0 0% 0 0% 0 0% 0 0%
Bacteria
Bordetella Para 0 0% 0 0% 0 0% 0 0%
pertussis
Bordetella 0 0% 5 2.2% 0 0% 0 0%
pertussis
Mycoplasma 0 0% 2 0.9% 0 0% 0 0%
pneumoniae
Chlamydia 0 0% 0 0% 0 0% 1 1.8%
pneumoniae
Total 29 9% 170 51% 97 29% 37 11%
One or more
pathogens

Other respiratory viruses, such as Human Rhino/Entero (11.3%), RSV (8.1%), and SARS-CoV-2 (5.7%),
co-circulated with influenza viruses but at lower rates. It is increasingly recognized that simultaneous
infection with multiple pathogens is common and can significantly impact disease manifestation. We
identified that 50 patients had more than two microorganisms, with SARS-CoV-2 and Influenza B virus
being the most prevalent. Previous studies have shown that influenza A virus was more commonly
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found as a co-infection with SARS-CoV-2 [38]. However, in our research, Influenza B virus was reported
as a co-infection pathogen in 6 cases, compared to 3 cases with influenza A virus. Through multiplex
respiratory PCR, our study detected co-infections in 11% of cases, with Human Rhino/Entero (42%)
being the most frequently observed. Other studies have reported slightly lower rates of multiple-
positive specimens, around 10% and 8.7%, respectively [39, 40]. The clinical significance of multi-
pathogen infections, especially those involving the Rhino/Entero combination, including disease
severity and hospitalization time, remains uncertain. A previous study suggested that viral shedding
from an earlier Rhino/Entero infection may be the cause of the dual-positive results with Rhino/Entero
and RSV [41]. We observed the prevalence of respiratory pathogens among different age groups. In all
age groups, both IFV A and IFV B were found to be contributing factors. In Bangladesh, the influenza
virus is primarily associated with respiratory tract infections. A similar finding was reported in a previous
study [42]. However, this study has certain limitations. Firstly, it was conducted at a single center and
may not be representative of the entire population in Chattogram. Secondly, due to limited resources,
we were unable to obtain data from a more suitable assay to assess the sensitivity and specificity of
Film Array RP2.1 plus.

4. CONCLUSIONS

The study comprehensively evaluated the etiological profile of acute upper respiratory tract infections
(ARTIs) using the Film Array Respiratory Panel 2.1 plus (FARP) in a tertiary care setting in Bangladesh.
The results underscore the significance of rapid molecular diagnostics in identifying causative agents,
optimizing patient management, and curbing inappropriate antibiotic use. Out of 471 nasopharyngeal
swab samples tested, an impressive 71% yielded positive results, highlighting the efficiency of FARP in
detecting respiratory pathogens with a high level of accuracy and speed. The study found that single
infections were more common than co-infections, with 60% of patients harboring a single pathogen
and 11% presenting with multiple pathogens. Among the detected organisms, influenza viruses
emerged as the most predominant pathogens, collectively accounting for over 43% of all positive cases.
Notably, influenza B virus (22.9%) surpassed influenza A (20.2%) in prevalence, a finding that aligns with
select international studies but contrasts with the more common global trend of influenza A
predominance. Subtyping revealed that influenza A H3 (10%) and influenza A H1-2009 (8%) were the
most frequently observed strains. These results emphasize the critical role of influenza viruses as a
major driver of ARTIs in Bangladesh. The distribution of infections varied across age groups, with
individuals aged 11-30 years (51%) and 31-50 years (29%) showing higher prevalence rates. This age-
related trend may be attributed to lifestyle factors, increased social interactions, and occupational
exposure. Conversely, younger children and older adults showed comparatively lower infection rates in
this cohort, though global literature often emphasizes heightened vulnerability in pediatric and geriatric
populations. Gender, however, did not show a significant influence on infection rates, with both males
and females exhibiting comparable positivity. The findings collectively highlight the utility of Biofire
FilmArray respiratory panel assay as a rapid, reliable, and comprehensive diagnostic tool capable of
identifying 23 respiratory organisms within 45 minutes. Its use enhances clinical decision-making by
enabling timely and targeted therapy, thereby reducing unnecessary antibiotic prescriptions and
minimizing the risk of antimicrobial resistance. Furthermore, the ability to detect both viral and atypical
bacterial pathogens positions this technology as a cornerstone for strengthening respiratory infection
surveillance and guiding public health strategies. In conclusion, influenza viruses, particularly type B,
remain the dominant cause of ARTIs in Bangladesh, with notable contributions from Rhino/Entero, RSV,
and SARS-CoV-2. The detection of co-infections, especially involving SARS-CoV-2 and influenza viruses,
underscores the evolving epidemiology of respiratory pathogens in the post-pandemic era.
Implementation of molecular diagnostic platforms such as the Film Array RP2.1 plus in clinical practice
can significantly improve patient outcomes by ensuring rapid diagnosis, guiding rational antimicrobial
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use, and shaping effective infection control measures. Future multicenter studies with larger
populations are warranted to generalize these findings and to explore the clinical implications of
coinfections in greater depth.
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