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Abstract: This study was conducted to evaluate the distribution of respiratory viral pathogens in
the emergency department during the coronavirus disease 2019 (COVID-19) pandemic. Between
May 2020 and September 2022, patients aged between 0.1 and 98 years arrived at the emergency
department of Asia University Hospital, and samples from nasopharyngeal swabs were tested by the
FilmArrayTM Respiratory Panel (RP). SARS-CoV-2 positivity was subsequently retested by the cobas
Liat system. There were 804 patients for whom the FilmArrayTM RP was tested, and 225 (27.9%) of
them had positive results for respiratory viruses. Rhinovirus/enterovirus was the most commonly
detected pathogen, with 170 (61.8%) cases, followed by adenovirus with 38 (13.8%), SARS-CoV-2
with 16 (5.8%) cases, and coronavirus 229E, with 16 (5.8%) cases. SARS-CoV-2 PCR results were
positive in 16 (5.8%) cases, and there were two coinfections of SARS-CoV-2 with adenovirus and
rhinovirus/enterovirus. A total of 43 (5.3%) patients were coinfected; the most coinfection was
adenovirus plus rhinovirus/enterovirus, which was detectable in 18 (41.9%) cases. No atypical
pathogens were found in this study. Intriguingly, our results showed that there was prefect agreement
between the detection of SARS-CoV-2 conducted with the cobas Liat SARS-CoV-2 and influenza
A/B nucleic acid test and the FilmArrayTM RP. Therefore, the FilmArrayTM RP assay is a reliable
and feasible method for the detection of SARS-CoV-2. In summary, FilmArrayTM RP significantly
broadens our capability to detect multiple respiratory infections due to viruses and atypical bacteria.
It provides a prompt evaluation of pathogens to enhance patient care and clinical selection strategies
in emergency departments during the COVID-19 pandemic.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spread rapidly world-
wide by the end of 2019. SARS-CoV-2, first detected in Wuhan city, Hubei province,
has now infected over one billion people, causing over two million deaths globally [1].
Multiple studies have shown the epidemiology of viral infection during the COVID-19
pandemic [2–5], and coexisting respiratory pathogens among COVID-19 patients [6–10].
The epidemiology of respiratory pathogens in regions with high prevalence may be dif-
ferent from that in regions with low prevalence of COVID-19. Recently, Huang CP et al.
conducted a comprehensive study of respiratory pathogens in a Taiwanese population
using multiplex PCR [3]. They showed that 59.7% of identified organisms were bacteria,
and viruses accounted for 23.9%. Notably, several case studies showed that a few patients
were coinfected with SARS-CoV-2 and influenza virus [11,12], and with common bacterial
pathogens [13,14]. Feldman C et al. indicated that coinfections and/or superinfections
in patients with COVID-19 infections seemed to be related to the severity of COVID-19
infection and prognosis [15].

Acute respiratory infection (ARI) is a public health concern and is also the major
cause of outpatient visits and hospitalizations in all age categories [16,17]. It is caused
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by a different group of pathogens that affect the human airways. Additionally, it is a life-
threatening and the second leading cause of death for children under 5 years of age [18,19].
Approximately 80% of the total worldwide cases of ARI occur in Southeast Asia, followed
by sub-Saharan African countries [20]. Respiratory viruses, including adenovirus (ADV),
rhinovirus (RV), respiratory syncytial virus (RSV), and influenza viruses, are the major
causes of ARIs in children. Additionally, atypical pathogens are major causes of pediatric
respiratory infections. For example, Mycoplasma pneumoniae (M. pneumoniae) is one of the
most frequent atypical pathogens, and approximately 10–40% of hospitalized children have
community-acquired pneumonia [21]. Additionally, M. pneumoniae is a pivotal pneumonia-
causing pathogen accounting for 10–30% of community-acquired pneumonia cases in the
pediatric population in Taiwan [22]. The early diagnosis of the organism is helpful for the
accurate selection of suitable medication, which can improve the clinical care of patients
and prevent the overuse or even abuse of antibiotics [17]. In addition, the early detection
of contagious pathogens can allow for the early isolation of specific individuals, thus
mitigating the outbreak of pathogens.

Traditional PCR has been applied to identify pathogens for many years. However,
the limitations of traditional PCR are that it can only target a single pathogen, and it also
has a high risk of contamination due to the handling process. Therefore, it is not considered
completely satisfactory for clinical use, especially for emergency departments, because
the turnaround time is critical. In recent years, these problems have been overcome due
to several multiplex platforms using PCR, and assays for nucleic acid amplification for
the simultaneous identification of two or more viruses have been established. PCR meth-
ods, especially multiplex real-time polymerase chain reaction (RT-PCR) techniques, have
been applied in the laboratory to provide the high-speed detection of multiple respiratory
organisms from patient specimens in an easy workflow [23]. In addition, an expanded
range of viral and bacterial targets can be differentiated and identified by PCR assay. There
are also several multiplex PCR platforms available with the potential to identify multiple
pathogens in a single reaction [24–27]. Nucleic acids of viral or bacterial pathogens in a sin-
gle reaction detected by multiplex panels are being increasingly applied for the detection of
multiple respiratory infections. In fact, emergency physicians encountered long turnaround
times and delayed therapy when treating possible viral respiratory diseases before the
widespread usage of molecular testing. The application of high-speed molecular testing
has markedly enhanced identification by detecting multiple pathogens simultaneously,
increasing sensitivity and specificity, decreasing time to positivity, and eventually reducing
time to clinical treatment [28].

As previously mentioned, coinfections with one or more additional pathogens in
COVID-19 patients may have a poor disease outcomes. Therefore, it is important to
understand the frequency of coinfection with other respiratory organisms, and the profile
of organisms can contribute to select appropriate treatment. The aim of this study was
to evaluate the distribution of viral respiratory pathogens in central Taiwan during the
COVID-19 pandemic.

2. Materials and Methods
2.1. Study Design and Data Collection

In the present study, we retrospectively analyzed the results of all the samples and
aimed to understand the prevalence of each respiratory organism, which was analyzed
during a 1.5-years period (May 2021 to September 2022) using the FilmArrayTM RP
(BioFire®Diagnostics, Salt Lake City, UT, USA). A total of 804 nasopharyngeal swab (NPS)
specimens were obtained from patients suspected of suffering from respiratory infection.
Among 804 respiratory samples tested, 365 (45.4%) were from male patients and 439 (54.6%)
were from female patients. The median age of these 804 patients was 6 years (0.1–98).
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2.2. FilmArrayTM Respiratory Panel v2.1 Testing

The FilmArrayTM RP (BioFire®Diagnostics, Salt Lake City, UT, USA) is a multiplex
PCR assay and that is also fully automated. It is designed for the detection of 15 viral respi-
ratory pathogens and four bacteria, including Bordetella parapertussis, Bordetella pertussis,
Chlamydophila pneumoniae, and Mycoplasma pneumoniae [29]. It is a feasible and reliable tool
for the estimation of the age-related prevalence of susceptible organisms [29,30]. The 300 µL
nasopharyngeal swab samples were analyzed with the FilmArrayTM RP according to the
manufacturer’s instructions. The FilmArrayTM RP combines three protocols: (i) nucleic
acid extraction; (ii) nested multiplex PCR; and (iii) the interpretation of the results. The
possible results of each target in a valid run were reported as detected or not detected.
The overall procedures took approximately 1 h for a single test. Each run contained two
controls. A qualitative result for each target was automatically interpreted by the software
according to the endpoint melting curve data. A pathogen was recorded as detected if at
least one of its corresponding assays was positive [31].

3. Results

Among the 804 specimens, 182 (22.6%, 182/804) had a single pathogen, 43 (5.3%,
43/804) had multiple pathogens, and 579 (72%, 579/804) had no pathogens. The overall
positivity rate of the specimens was 27.9% (225/804). Rhinovirus/enterovirus was the most
prevalent pathogen (61.8%, 170/275), followed by adenovirus (13.8%, 38/275), SARS-CoV-2
(5.8%, 16/275), and coronavirus 229E (5.8%, 16/275). The positivity rates of other pathogens
were as follows: parainfluenza virus 4 (3.6%, 10/275); parainfluenza virus 3 (3.3%, 9/275);
coronavirus HKU1 (1.8%, 5/275); respiratory syncytial virus (RSV) (1.8%, 5/275); human
metapneumovirus (1.5%, 4/275), and coronavirus OC43 (0.7%, 2/275). The frequency
distribution of pathogens is shown in Figure 1. Figure 2 shows that the test positivity rate
of rhinovirus/enterovirus, and Figure 3 shows the test positivity rate of adenovirus. In the
present study, the median age of these 182 patients was 4 years (0.3–90).
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Figure 3. Monthly distribution of isolation rates of adenovirus from emergency patients in central
Taiwan from May 2021 to September 2022.

Among the 225 specimens, 43 (5.3%, 43/804) were positive for more than one pathogen.
The largest proportion (41.9%, 18/43) of multiorganism-positive samples had combinations
of adenovirus plus rhinovirus/enterovirus. The combination of rhinovirus/enterovirus
plus parainfluenza virus 3 was the second most common combination, making up 11.6%
(5/43) of all multiorganism-positive specimens. The combination of rhinovirus/enterovirus
plus parainfluenza virus 4 was the third most common combination, making up 9.3% (4/43)
of all multiorganism-positive specimens. The combination of rhinovirus/enterovirus plus
respiratory syncytial virus and coronavirus 229E plus rhinovirus/enterovirus was the
fourth most common types (7%, 3/43). In the present study, the median age of these
43 patients was 3 years (1–20). Table 1 summarizes the multiorganism-positive samples.
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Intriguingly, five patients had coinfections with three pathogens (11.6%, 5/43), and one
patient had coinfections with four pathogens simultaneously (2.3%, 1/43). However, if four
or more organisms are detected in a specimen, retesting is recommended to confirm the
polymicrobial result according manufacturer’s instructions. Notably, the positivity rate of
SARS-CoV-2 was 7.1% (16/225). The results for SARS-CoV-2 were confirmed by the cobas
Liat system (Roche Molecular Systems, Inc., Branchburg, NJ, USA). All of the results were
consistent with those of the reference method in the cobas Liat system. We found a mean
Ct value of 20.4 (Table 2).

Table 1. Summary of multiorganism-positive samples.

Pathogens Percentage

Adenovirus + Rhino/Entero 41.9% (18/43)
Rhino/Entero + Parainfluenza 4 11.6% (5/43)
Rhino/Entero + Parainfluenza 3 9.3% (4/43)

Rhino/Entero + RSV 7% (3/43)
Coronavirus 229E + Rhino/Entero 7% (3/43)

Human Metapneumovirus+ Rhino/Entero 2.3% (1/43)
Parainfluenza 3 + Parainfluenza 4 2.3% (1/43)

SARS-CoV-2 + Adenovirus 2.3% (1/43)
SARS-CoV-2 + Rhino/Entero 2.3% (1/43)

Adenovirus + Coronavirus 229E + Rhino/Entero 4.7% (2/43)
Rhino/Entero + Parainfluenza 3 + Parainfluenza 4 2.3% (1/43)

Adenovirus + Rhino/Entero + Parainfluenza 3 2.3% (1/43)
Coronavirus HKU1 + Rhino/Entero + Parainfluenza 4 2.3% (1/43)

Human Metapneumovirus + Rhino/Entero + Parainfluenza 4 + RSV 2.3% (1/43)

Table 2. Detection of SARS-CoV-2 from nasopharyngeal swab (NPS) specimens using the
FilmArrayTM RP 2.1 assay and cobas Liat system.

Age Sex FilmArrayTM RP 2.1 Assay Cobas Liat System (Cycle Threshold Value)

1 F detected Positive (32.4)
1 M detected Positive (32.7)
7 M detected Positive (10.8)
6 F detected Positive (30.3)
1 M detected Positive (30.8)
6 F detected Positive (10.1)
6 M detected Positive (15.7)
3 F detected Positive (26.7)
8 M detected Positive (21.1)
2 F detected Positive (16.3)
6 F detected Positive (24.5)
2 F detected Positive (10.7)
3 F detected Positive (10.6)
2 M detected Positive (12)
2 F detected Positive (29.5)
1 M detected Positive (11.9)

4. Discussion

The detection of respiratory viruses by multiplex PCR has been reported as a main
diagnostic method for the identification of the nucleic acids of viral or bacterial organisms
in respiratory tract infections. This is important for the detection of ARIs because the organ-
isms can be present at low levels in clinical specimens, and their amount rapidly decreases
over time despite the presence of symptoms. Our results provided the distributions of
different pathogens in patients with symptoms of a respiratory infection at the emergency
department. This study also provides new insights into the distribution of viral respiratory
infections during the COVID-19 pandemic.
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Multiple studies have shown that patients with respiratory-tract diseases commonly
have more than one virus detected at frequencies as high as 35% [32–34]. Previously,
Sreenath K et al. [8] showed that 47.1% of patients had SARS-CoV-2 coinfections with bac-
teria. Klebsiella pneumoniae, staphylococcus aureus, haemophilus influenzae, and Streptococcus
pneumoniae were the main causes of bacterial coinfections. COVID-19 patients are often coin-
fected with other respiratory organisms, such as pneumococcus [10], Mycoplasma pneumoniae [35],
Legionella pneumophila [36], cytomegalovirus [37], parainfluenza virus [38], respiratory syn-
cytial virus [39], Epstein–Barr virus [40], rhinovirus [41], and influenza virus [9,10]. Re-
cently, Motta JC et al. showed a patient with severe COVID-19 infection coinfected with
adenovirus [42]. The authors indicated that the possibility of treatable organisms should be
ruled out even in the case of a very rare coinfection, such as COVID-19 and adenovirus.
In addition, Karaaslan A et al. found coinfections with other respiratory organisms in
SARS-CoV-2-infected pediatric patients [43]. The authors identified a SARS-CoV-2-infected
child who had two respiratory pathogens—rhinovirus/enterovirus and adenovirus—and
the coinfection led to a considerably longer hospital stay. Our study also revealed that the
SARS-CoV-2-infected pediatric patients were coinfected with adenovirus. One 2-year-old
girl presented at the emergency department without any systemic disease and only suffered
from intermittent fever. Orozoco-Hermandez et al. showed that a SARS-CoV-2-infected
patient with coinfection with rhinovirus or enterovirus increased the severity of COVID-19
symptomatology, and eventually this patient progressed to multilobar pneumonia [44].
Additionally, Glass EL et al. reported that SARS-CoV-2 coinfection with rhinovirus was
more frequent than coinfection with other respiratory viruses [45]. The authors suggested
that patients coinfected with SARS-CoV-2 and rhinovirus were substantially more likely
to have a cough than SARS-CoV-2-infected patients without coinfections. Peci A et al.
revealed a small proportion (2.5%) of SARS-CoV-2-positive specimens coinfected with a
seasonal respiratory virus using a laboratory-developed multiplex respiratory virus PCR
method [46]. Our study also identified SARS-CoV-2-infected children who were coinfected
with rhinovirus/enterovirus. One 1-year-old boy presented at the emergency department
suffering from high fever.

Chen AP et al. indicated that rhinovirus appeared as a dominant circulating res-
piratory pathogen during a period of strengthened nonpharmaceutical interventions in
Taiwan [47]. In this study, we showed that rhinovirus/enterovirus was the most prevalent
pathogen (61.8%, 170/275) (Figure 1). Rhinovirus/enterovirus was detected here nearly
every month in tropical countries [48]. Influenza A/B, enterovirus/rhinovirus, and res-
piratory syncytial virus (RSV) were most commonly detected in Singapore during the
COVID-19 pandemic [49]. Multiple studies showed that rhinovirus/enterovirus is the most
common detected virus in adult severe acute respiratory infections patients [50]. Chong
YM et al. showed that the high prevalence of respiratory viruses in adults with severe acute
respiratory infections was mainly attributed to rhinovirus/enterovirus [51]. In Taiwan, Sim
YJ et al. demonstrated that rhinovirus/enterovirus and adenovirus were in almost persis-
tent circulation during 2020 [52]. Indeed, our study showed that rhinovirus/enterovirus
was in persistent circulation during the study period (Figure 2). Moreover, a recent study
also showed that rhinovirus/enterovirus (32.7%) is the most common detected virus in
Taiwanese population using BioFire FilmArray respiratory PCR panel 2.1 [53].

As previously described, adenovirus was in persistent circulation during 2020 when
the incidence of COVID-19 was low [52]. Our results showed that adenovirus was the
second most prevalent pathogen (13.8%, 38/275) (Figure 1). Figure 3 shows the adenovirus
activity increased starting in approximately November 2021. In China, the prevalence of
enteric adenovirus growing increasingly after nonpharmaceutical interventions had been
declining in the post-COVID-19 period [54]. Li W et al. [55] showed that children aged
3–5 years old have the highest positive rate of adenovirus. The authors concluded that
adenovirus infections significantly decreased in children during the COVID-19 pandemic.
Similarly, we found that the highest positive rate of adenovirus was with the median age of
3 years old in the present study.
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Layman CP et al. showed that the FilmArrayTM system is feasible and reliable for
use in an acute clinical setting. Their findings showed that the concordance between the
FilmArrayTM system and viral culture was 94.5% [56]. Similarly, Lade H et al. indicated
that the FilmArrayTM RP assay is easy to work and provide rapid identification of respi-
ratory viruses [57]. Moreover, Tazi S et al. [31] showed that the estimated sensitivity and
specificity of FilmArray, compared with the MAScIR SARS-CoV-2 M kit 2.0, were 100%
and 79.2%, respectively. Recently, Livingstone et al. [58] showed that the application of
FilmArrayTM RP 2.1 assay for COVID-19 remarkably reduced the time to obtain results
spent on assessment cohort wards and the proportion of hospital-acquired COVID-19
infection. The authors concluded that the routine use of molecular point-of-care testing
may become the standard of care in hospital admission procedures. Previously, our study
showed that the cobas Liat SARS-CoV-2 and influenza A/B nucleic acid test is a feasible
and reliable platform for the detection of SARS-CoV-2 [59]. Indeed, we showed that all
results were consistent with those of the reference method in the cobas Liat system (Table 2).
Berry GJ et al. [60] conducted a multicenter evaluation of BioFire RP2.1 for the detection of
SARS-CoV-2. The authors concluded that the BioFire RP2.1 showed excellent performance
in the detection of SARS-CoV-2. However, Chang YC et al. [53] reported that 42.6% of
SARS-CoV-2 positive results obtained from FilmArrayTM RP 2.1 assay were inconsistent
with other PCR systems (cobas Liat or cobas 6800 systems). They concluded that if the
SARS-CoV-2 positive results by FilmArrayTM RP 2.1 assay should be reconfirmed by other
quantitative RT-PCR assays.

The main drawback of the present study is that we only retrospectively investigated the
results of all the specimens to understand the incidence of each respiratory pathogen using
the FilmArrayTM RP assay. We did not identify coinfecions involving specific pathogens
by other methods, such as bacterial or viral culture tests in this study. Future studies
should aim to overcome the drawbacks of this study by investigating relevant pathogens in
coinfections. It is worth noting that our findings enhance our understanding of coinfections
and provide new insight for the interpretation of coinfection detection arising from the
FilmArrayTM RP assay in central Taiwan.

5. Conclusions

In summary, the FilmArrayTM RP assay may be a feasible and reliable diagnostic tool
for respiratory viruses in the emergency department during the COVID-19 pandemic. The
FilmArrayTM RP assay may enhance clinical decision-making and limit the unnecessary
use of antibiotics.

Author Contributions: Concept and design of the experiments: Y.-J.C. and T.-K.E.; performance of
the experiments: Y.-J.C.; data analysis and discussion: Y.-J.C. and T.-K.E.; contribution of reagents/
materials/analysis tools: T.-K.E.; clinical information: Y.-J.C. and T.-K.E.; and manuscript preparation:
Y.-J.C. and T.-K.E. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by grants from Asia University Hospital (ASIA-109-51019,
ASIA-110-51005, ASIA-111-51023).

Institutional Review Board Statement: Ethical approval and/or patient consent were not funda-
mental because all of the analyzed results were retrospectively collected as part of routine analysis.

Informed Consent Statement: Ethical approval and/or patient consent were not fundamental be-
cause all of the analyzed results were retrospectively collected as part of routine analysis.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank to Guo-Ting Sun for his assistance.

Conflicts of Interest: The authors declare no conflict of interest.



Biomedicines 2022, 10, 2734 8 of 10

References
1. Kumar, A.; Singh, R.; Kaur, J.; Pandey, S.; Sharma, V.; Thakur, L.; Sati, S.; Mani, S.; Asthana, S.; Sharma, T.K.; et al. Wuhan to

World: The COVID-19 Pandemic. Front. Cell Infect. Microbiol. 2021, 11, 596201. [CrossRef]
2. Wee, L.E.; Ko, K.K.K.; Ho, W.Q.; Kwek, G.T.C.; Tan, T.T.; Wijaya, L. Community-acquired viral respiratory infections amongst

hospitalized inpatients during a COVID-19 outbreak in Singapore: Co-infection and clinical outcomes. J. Clin. Virol. 2020, 128,
104436. [CrossRef]

3. Huang, C.P.; Tsai, C.S.; Su, P.L.; Huang, T.H.; Ko, W.C.; Lee, N.Y. Respiratory etiological surveillance among quarantined patients
with suspected lower respiratory tract infection at a medical center in southern Taiwan during COVID-19 pandemic. J. Microbiol.
Immunol. Infect. 2022, 55, 428–435. [CrossRef]

4. Leuzinger, K.; Roloff, T.; Gosert, R.; Sogaard, K.; Naegele, K.; Rentsch, K.; Bingisser, R.; Nickel, C.H.; Pargger, H.; Bassetti, S.;
et al. Epidemiology of Severe Acute Respiratory Syndrome Coronavirus 2 Emergence Amidst Community-Acquired Respiratory
Viruses. J. Infect. Dis. 2020, 222, 1270–1279. [CrossRef]

5. Hsih, W.H.; Cheng, M.Y.; Ho, M.W.; Chou, C.H.; Lin, P.C.; Chi, C.Y.; Liao, W.C.; Chen, C.Y.; Leong, L.Y.; Tien, N.; et al. Featuring
COVID-19 cases via screening symptomatic patients with epidemiologic link during flu season in a medical center of central
Taiwan. J. Microbiol. Immunol. Infect. 2020, 53, 459–466. [CrossRef]

6. Contou, D.; Claudinon, A.; Pajot, O.; Micaelo, M.; Longuet Flandre, P.; Dubert, M.; Cally, R.; Logre, E.; Fraisse, M.; Mentec, H.;
et al. Bacterial and viral co-infections in patients with severe SARS-CoV-2 pneumonia admitted to a French ICU. Ann. Intensive
Care 2020, 10, 119. [CrossRef]

7. Zhu, X.; Ge, Y.; Wu, T.; Zhao, K.; Chen, Y.; Wu, B.; Zhu, F.; Zhu, B.; Cui, L. Co-infection with respiratory pathogens among
COVID-2019 cases. Virus Res. 2020, 285, 198005. [CrossRef]

8. Sreenath, K.; Batra, P.; Vinayaraj, E.V.; Bhatia, R.; SaiKiran, K.; Singh, V.; Singh, S.; Verma, N.; Singh, U.B.; Mohan, A.; et al.
Coinfections with Other Respiratory Pathogens among Patients with COVID-19. Microbiol. Spectr. 2021, 9, e0016321.

9. Ozaras, R.; Cirpin, R.; Duran, A.; Duman, H.; Arslan, O.; Bakcan, Y.; Kaya, M.; Mutlu, H.; Isayeva, L.; Kebanli, F.; et al. Influenza
and COVID-19 coinfection: Report of six cases and review of the literature. J. Med. Virol. 2020, 92, 2657–2665. [CrossRef]

10. Amin-Chowdhury, Z.; Aiano, F.; Mensah, A.; Sheppard, C.L.; Litt, D.; Fry, N.K.; Andrews, N.; Ramsay, M.E.; Ladhani, S.N. Impact
of the Coronavirus Disease 2019 (COVID-19) Pandemic on Invasive Pneumococcal Disease and Risk of Pneumococcal Coinfection
with Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2): Prospective National Cohort Study, England. Clin. Infect.
Dis. 2021, 72, e65–e75. [CrossRef]

11. Wu, X.; Cai, Y.; Huang, X.; Yu, X.; Zhao, L.; Wang, F.; Li, Q.; Gu, S.; Xu, T.; Li, Y.; et al. Co-infection with SARS-CoV-2 and Influenza
A Virus in Patient with Pneumonia, China. Emerg. Infect. Dis. 2020, 26, 1324–1326. [CrossRef]

12. Wu, D.; Lu, J.; Ma, X.; Liu, Q.; Wang, D.; Gu, Y.; Li, Y.; He, W. Coinfection of Influenza Virus and Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-COV-2). Pediatr. Infect. Dis. J. 2020, 39, e79.

13. Ou, X.; Zhou, L.; Huang, H.; Lin, Y.; Pan, X.; Chen, D. A severe case with co-infection of SARS-CoV-2 and common respiratory
pathogens. Travel Med. Infect. Dis. 2020, 35, 101672. [CrossRef]

14. Li, Z.; Chen, Z.M.; Chen, L.D.; Zhan, Y.Q.; Li, S.Q.; Cheng, J.; Zhu, A.R.; Chen, L.Y.; Zhong, N.S.; Li, S.Y.; et al. Coinfection with
SARS-CoV-2 and other respiratory pathogens in patients with COVID-19 in Guangzhou, China. J. Med. Virol. 2020, 92, 2381–2383.

15. Feldman, C.; Anderson, R. The role of co-infections and secondary infections in patients with COVID-19. Pneumonia (Nathan)
2021, 13, 5. [CrossRef]

16. Akinyemi, J.O.; Morakinyo, O.M. Household environment and symptoms of childhood acute respiratory tract infections in
Nigeria, 2003–2013: A decade of progress and stagnation. BMC Infect. Dis. 2018, 18, 296. [CrossRef]

17. Li, J.; Tao, Y.; Tang, M.; Du, B.; Xia, Y.; Mo, X.; Cao, Q. Rapid detection of respiratory organisms with the FilmArray respiratory
panel in a large children’s hospital in China. BMC Infect. Dis. 2018, 18, 510.

18. Mulambya, N.L.; Nanzaluka, F.H.; Sinyangwe, N.N.; Makasa, M. Trends and factors associated with acute respiratory infection
among under five children in Zambia: Evidence from Zambia’s demographic and health surveys (1996–2014). Pan. Afr. Med. J.
2020, 36, 197. [CrossRef]

19. Monto, A.S. Epidemiology of viral respiratory infections. Am. J. Med. 2002, 112 (Suppl. S1), 4S–12S. [CrossRef]
20. Selvaraj, K.; Chinnakali, P.; Majumdar, A.; Krishnan, I.S. Acute respiratory infections among under-5 children in India: A

situational analysis. J. Nat. Sci. Biol. Med. 2014, 5, 15–20. [PubMed]
21. Jain, S.; Self, W.H.; Wunderink, R.G. Team CES: Community-Acquired Pneumonia Requiring Hospitalization. N. Engl. J. Med.

2015, 373, 2382. [CrossRef]
22. Chen, C.J.; Lin, P.Y.; Tsai, M.H.; Huang, C.G.; Tsao, K.C.; Wong, K.S.; Chang, L.Y.; Chiu, C.H.; Lin, T.Y.; Huang, Y.C. Etiology

of community-acquired pneumonia in hospitalized children in northern Taiwan. Pediatr. Infect. Dis. J. 2012, 31, e196–e201.
[CrossRef]

23. Hanson, K.E.; Couturier, M.R. Multiplexed Molecular Diagnostics for Respiratory, Gastrointestinal, and Central Nervous System
Infections. Clin. Infect. Dis. 2016, 63, 1361–1367.

24. Gonsalves, S.; Mahony, J.; Rao, A.; Dunbar, S.; Juretschko, S. Multiplexed detection and identification of respiratory pathogens
using the NxTAG(R) respiratory pathogen panel. Methods 2019, 158, 61–68. [CrossRef] [PubMed]

25. Beckmann, C.; Hirsch, H.H. Comparing Luminex NxTAG-Respiratory Pathogen Panel and RespiFinder-22 for multiplex detection
of respiratory pathogens. J. Med. Virol. 2016, 88, 1319–1324. [CrossRef]

http://doi.org/10.3389/fcimb.2021.596201
http://doi.org/10.1016/j.jcv.2020.104436
http://doi.org/10.1016/j.jmii.2021.07.009
http://doi.org/10.1093/infdis/jiaa464
http://doi.org/10.1016/j.jmii.2020.03.008
http://doi.org/10.1186/s13613-020-00736-x
http://doi.org/10.1016/j.virusres.2020.198005
http://doi.org/10.1002/jmv.26125
http://doi.org/10.1093/cid/ciaa1728
http://doi.org/10.3201/eid2606.200299
http://doi.org/10.1016/j.tmaid.2020.101672
http://doi.org/10.1186/s41479-021-00083-w
http://doi.org/10.1186/s12879-018-3207-5
http://doi.org/10.11604/pamj.2020.36.197.18799
http://doi.org/10.1016/S0002-9343(01)01058-0
http://www.ncbi.nlm.nih.gov/pubmed/24678190
http://doi.org/10.1056/NEJMoa1500245
http://doi.org/10.1097/INF.0b013e31826eb5a7
http://doi.org/10.1016/j.ymeth.2019.01.005
http://www.ncbi.nlm.nih.gov/pubmed/30660863
http://doi.org/10.1002/jmv.24492


Biomedicines 2022, 10, 2734 9 of 10

26. Chung, H.Y.; Jian, M.J.; Chang, C.K.; Lin, J.C.; Yeh, K.M.; Chen, C.W.; Chiu, S.K.; Wang, Y.H.; Liao, S.J.; Li, S.Y.; et al. Novel dual
multiplex real-time RT-PCR assays for the rapid detection of SARS-CoV-2, influenza A/B, and respiratory syncytial virus using
the BD MAX open system. Emerg. Microbes Infect. 2021, 10, 161–166. [PubMed]

27. Dabisch-Ruthe, M.; Vollmer, T.; Adams, O.; Knabbe, C.; Dreier, J. Comparison of three multiplex PCR assays for the detection of
respiratory viral infections: Evaluation of xTAG respiratory virus panel fast assay, RespiFinder 19 assay and RespiFinder SMART
22 assay. BMC Infect. Dis. 2012, 12, 163.

28. Fendrick, A.M.; Monto, A.S.; Nightengale, B.; Sarnes, M. The economic burden of non-influenza-related viral respiratory tract
infection in the United States. Arch. Intern. Med. 2003, 163, 487–494.

29. Andersson, M.E.; Olofsson, S.; Lindh, M. Comparison of the FilmArray assay and in-house real-time PCR for detection of
respiratory infection. Scand. J. Infect. Dis 2014, 46, 897–901. [CrossRef]

30. Tsagarakis, N.J.; Sideri, A.; Makridis, P.; Triantafyllou, A.; Stamoulakatou, A.; Papadogeorgaki, E. Age-related prevalence of
common upper respiratory pathogens, based on the application of the FilmArray Respiratory panel in a tertiary hospital in
Greece. Medicine 2018, 97, e10903.

31. Tazi, S.; Kabbaj, H.; Zirar, J.; Zouaki, A.; El Amin, G.; El Himeur, O.; Seffar, M. Comparative Performance Evaluation of FilmArray
BioFire RP2.1 and MAScIR 2.0 Assays for SARS-CoV-2 Detection. Adv. Virol. 2022, 2022, 4510900. [CrossRef]

32. Brunstein, J.D.; Cline, C.L.; McKinney, S.; Thomas, E. Evidence from multiplex molecular assays for complex multipathogen
interactions in acute respiratory infections. J. Clin. Microbiol. 2008, 46, 97–102. [CrossRef] [PubMed]

33. Peng, D.; Zhao, D.; Liu, J.; Wang, X.; Yang, K.; Xicheng, H.; Li, Y.; Wang, F. Multipathogen infections in hospitalized children with
acute respiratory infections. Virol. J. 2009, 6, 155. [CrossRef]

34. Mandelia, Y.; Procop, G.W.; Richter, S.S.; Worley, S.; Liu, W.; Esper, F. Dynamics and predisposition of respiratory viral co-infections
in children and adults. Clin. Microbiol. Infect. 2021, 27, 631.e1–631.e6. [CrossRef] [PubMed]

35. Choubey, A.; Sagar, D.; Cawley, P.; Miller, K. Retrospective review analysis of COVID-19 patients co-infected with Mycoplasma
pneumoniae. Lung India 2021, 38 (Suppl. 1), S22–S26. [CrossRef]

36. Verhasselt, H.L.; Buer, J.; Dedy, J.; Ziegler, R.; Steinmann, J.; Herbstreit, F.; Brenner, T.; Rath, P.M. COVID-19 Co-infection with
Legionella pneumophila in 2 Tertiary-Care Hospitals, Germany. Emerg. Infect. Dis. 2021, 27, 1535–1537. [CrossRef]

37. D’Ardes, D.; Boccatonda, A.; Schiavone, C.; Santilli, F.; Guagnano, M.T.; Bucci, M.; Cipollone, F. A Case of Coinfection with
SARS-COV-2 and Cytomegalovirus in the Era of COVID-19. Eur. J. Case Rep. Intern. Med. 2020, 7, 001652. [CrossRef]

38. Alhoufie, S.T.; Alsharif, N.H.; Alfarouk, K.O.; Ibrahim, N.A.; Kheyami, A.M.; Aljifri, A.A. COVID-19 with underdiagnosed
influenza B and parainfluenza-2 co-infections in Saudi Arabia: Two case reports. J. Infect. Public Health 2021, 14, 1567–1570.
[CrossRef]

39. Cason, C.; Zamagni, G.; Cozzi, G.; Tonegutto, D.; Ronfani, L.; Oretti, C.; De Manzini, A.; Barbi, E.; Comar, M.; Amaddeo, A.
Spread of Respiratory Pathogens During the COVID-19 Pandemic Among Children in the Northeast of Italy. Front. Microbiol.
2022, 13, 804700. [CrossRef] [PubMed]

40. Nadeem, A.; Suresh, K.; Awais, H.; Waseem, S. Epstein-Barr Virus Coinfection in COVID-19. J. Investig. Med. High Impact Case Rep.
2021, 9, 23247096211040626. [CrossRef]

41. Takashita, E.; Kawakami, C.; Momoki, T.; Saikusa, M.; Shimizu, K.; Ozawa, H.; Kumazaki, M.; Usuku, S.; Tanaka, N.; Okubo, I.;
et al. Increased risk of rhinovirus infection in children during the coronavirus disease-19 pandemic. Influenza Other Respir. Viruses
2021, 15, 488–494. [CrossRef] [PubMed]

42. Motta, J.C.; Gomez, C.C. Adenovirus and novel coronavirus (SARS-Cov2) coinfection: A case report. IDCases 2020, 22, e00936.
[CrossRef] [PubMed]

43. Karaaslan, A.; Cetin, C.; Akin, Y.; Demir Tekol, S.; Sobu, E.; Demirhan, R. Coinfection in SARS-CoV-2 Infected Children Patients. J.
Infect Dev. Ctries. 2021, 15, 761–765. [CrossRef] [PubMed]

44. Orozco-Hernandez, J.P.; Montoya-Martinez, J.J.; Pacheco-Gallego, M.C.; Cespedes-Roncancio, M.; Porras-Hurtado, G.L. SARS-
CoV-2 and rhinovirus/enterovirus co-infection in a critically ill young adult patient in Colombia. Biomedica 2020, 40 (Suppl. S2),
34–43. [PubMed]

45. Le Glass, E.; Hoang, V.T.; Boschi, C.; Ninove, L.; Zandotti, C.; Boutin, A.; Bremond, V.; Dubourg, G.; Ranque, S.; Lagier, J.C.; et al.
Incidence and Outcome of Coinfections with SARS-CoV-2 and Rhinovirus. Viruses 2021, 13, 2528. [CrossRef]

46. Peci, A.; Tran, V.; Guthrie, J.L.; Li, Y.; Nelson, P.; Schwartz, K.L.; Eshaghi, A.; Buchan, S.A.; Gubbay, J.B. Prevalence of Co-Infections
with Respiratory Viruses in Individuals Investigated for SARS-CoV-2 in Ontario, Canada. Viruses 2021, 13, 130. [CrossRef]

47. Chen, A.P.; Chu, I.Y.; Yeh, M.L.; Chen, Y.Y.; Lee, C.L.; Lin, H.H.; Chan, Y.J.; Chen, H.P. Differentiating impacts of non-
pharmaceutical interventions on non-coronavirus disease-2019 respiratory viral infections: Hospital-based retrospective observa-
tional study in Taiwan. Influenza Other Respir Viruses 2021, 15, 478–487. [CrossRef] [PubMed]

48. Sundell, N.; Andersson, L.M.; Brittain-Long, R.; Lindh, M.; Westin, J. A four year seasonal survey of the relationship between
outdoor climate and epidemiology of viral respiratory tract infections in a temperate climate. J. Clin. Virol. 2016, 84, 59–63.
[CrossRef]

49. Wan, W.Y.; Thoon, K.C.; Loo, L.H.; Chan, K.S.; Oon, L.L.E.; Ramasamy, A.; Maiwald, M. Trends in Respiratory Virus Infections
During the COVID-19 Pandemic in Singapore, 2020. JAMA Netw. Open 2021, 4, e2115973. [CrossRef]

50. Ching, N.S.; Kotsanas, D.; Easton, M.L.; Francis, M.J.; Korman, T.M.; Buttery, J.P. Respiratory virus detection and co-infection in
children and adults in a large Australian hospital in 2009–2015. J. Paediatr. Child Health 2018, 54, 1321–1328. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/33410371
http://doi.org/10.3109/00365548.2014.951681
http://doi.org/10.1155/2022/4510900
http://doi.org/10.1128/JCM.01117-07
http://www.ncbi.nlm.nih.gov/pubmed/17977985
http://doi.org/10.1186/1743-422X-6-155
http://doi.org/10.1016/j.cmi.2020.05.042
http://www.ncbi.nlm.nih.gov/pubmed/32540470
http://doi.org/10.4103/lungindia.lungindia_607_20
http://doi.org/10.3201/eid2705.203388
http://doi.org/10.12890/2020_001652
http://doi.org/10.1016/j.jiph.2021.09.005
http://doi.org/10.3389/fmicb.2022.804700
http://www.ncbi.nlm.nih.gov/pubmed/35401434
http://doi.org/10.1177/23247096211040626
http://doi.org/10.1111/irv.12854
http://www.ncbi.nlm.nih.gov/pubmed/33715290
http://doi.org/10.1016/j.idcr.2020.e00936
http://www.ncbi.nlm.nih.gov/pubmed/32864341
http://doi.org/10.3855/jidc.14314
http://www.ncbi.nlm.nih.gov/pubmed/34242183
http://www.ncbi.nlm.nih.gov/pubmed/33152186
http://doi.org/10.3390/v13122528
http://doi.org/10.3390/v13010130
http://doi.org/10.1111/irv.12858
http://www.ncbi.nlm.nih.gov/pubmed/33825310
http://doi.org/10.1016/j.jcv.2016.10.005
http://doi.org/10.1001/jamanetworkopen.2021.15973
http://doi.org/10.1111/jpc.14076


Biomedicines 2022, 10, 2734 10 of 10

51. Chong, Y.M.; Chan, Y.F.; Jamaluddin, M.F.H.; Hasan, M.S.; Pang, Y.K.; Ponnampalavanar, S.; Syed Omar, S.F.; Sam, I.C.
Rhinovirus/enterovirus was the most common respiratory virus detected in adults with severe acute respiratory infections
pre-COVID-19 in Kuala Lumpur, Malaysia. PLoS ONE 2022, 17, e0273697. [CrossRef]

52. Sim, J.Y.; Chen, Y.C.; Hsu, W.Y.; Chen, W.Y.; Chou, Y.; Chow, J.C.; Lai, Y.C.; Tang, H.J.; Chen, C.C.; Ho, C.H.; et al. Circulating
pediatric respiratory pathogens in Taiwan during 2020: Dynamic change under low COVID-19 incidence. J. Microbiol. Immunol.
Infect. 2022; in press. [CrossRef]

53. Chang, Y.C.; Hsiao, C.T.; Chen, W.L.; Su, Y.D.; Hsueh, P.R. BioFire FilmArray respiratory panel RP2.1 for SARS-CoV-2 detection:
The pitfalls. J. Infect. 2022, 85, e149–e151. [CrossRef]

54. Liu, P.; Xu, M.; Lu, L.; Ma, A.; Cao, L.; Su, L.; Dong, N.; Jia, R.; Zhu, X.; Xu, J. The changing pattern of common respiratory and
enteric viruses among outpatient children in Shanghai, China: Two years of the COVID-19 pandemic. J. Med. Virol. 2022, 94,
4696–4703. [CrossRef]

55. Li, W.; Zhu, Y.; Lou, J.; Chen, J.; Xie, X.; Mao, J. Rotavirus and adenovirus infections in children during COVID-19 outbreak in
Hangzhou, China. Transl. Pediatr. 2021, 10, 2281–2286. [CrossRef]

56. Layman, C.P.; Gordon, S.M.; Elegino-Steffens, D.U.; Agee, W.; Barnhill, J.; Hsue, G. Rapid multiplex PCR assay to identify
respiratory viral pathogens: Moving forward diagnosing the common cold. Hawaii J. Med. Public Health 2013, 72 (Suppl. S4),
24–26.

57. Lade, H.; Kim, J.M.; Chung, Y.; Han, M.; Mo, E.K.; Kim, J.S. Comparative Evaluation of Allplex Respiratory Panels 1, 2, 3, and
BioFire FilmArray Respiratory Panel for the Detection of Respiratory Infections. Diagnostics 2021, 12, 9. [CrossRef]

58. Livingstone, R.; Lin, H.; Brendish, N.J.; Poole, S.; Tanner, A.R.; Borca, F.; Smith, T.; Stammers, M.; Clark, T.W. Routine molecular
point-of-care testing for SARS-CoV-2 reduces hospital-acquired COVID-19. J. Infect. 2022, 84, 558–565. [CrossRef]

59. Er, T.K.; Chou, Y.C.; Chen, S.Y.; Huang, J.W. Rapid Cobas Liat SARS-CoV-2 Assay in Comparison with the Laboratory-Developed
Real-Time RT-PCR. Test. Clin. Lab. 2021, 67. [CrossRef]

60. Berry, G.J.; Zhen, W.; Smith, E.; Manji, R.; Silbert, S.; Lima, A.; Harington, A.; McKinley, K.; Kensinger, B.; Neff, C.; et al.
Multicenter Evaluation of the BioFire Respiratory Panel 2.1 (RP2.1) for Detection of SARS-CoV-2 in Nasopharyngeal Swab
Samples. J. Clin. Microbiol. 2022, 60, e0006622. [CrossRef]

http://doi.org/10.1371/journal.pone.0273697
http://doi.org/10.1016/j.jmii.2022.03.005
http://doi.org/10.1016/j.jinf.2022.07.030
http://doi.org/10.1002/jmv.27896
http://doi.org/10.21037/tp-21-150
http://doi.org/10.3390/diagnostics12010009
http://doi.org/10.1016/j.jinf.2022.01.034
http://doi.org/10.7754/Clin.Lab.2021.210316
http://doi.org/10.1128/jcm.00066-22

	Introduction 
	Materials and Methods 
	Study Design and Data Collection 
	FilmArrayTM Respiratory Panel v2.1 Testing 

	Results 
	Discussion 
	Conclusions 
	References

