
Introduction
Acute Respiratory Infection (ARI), ranging from 
common cold to severe pneumonia is the major cause 
of outpatient visits and hospitalizations in all age 

categories worldwide, many of which are associated 
with significant morbidity and mortality particularly in 
children, elderly and immunocompromised 
individual1. A large heterogeneous group of typical or 
atypical bacteria and viruses are responsible for these 
ARIs that produce similar clinical presentations and 
put physicians into a diagnostic dilemma. Viral 
infections, however accounts for approximate 80.0% 
of ARIs with influenza virus, respiratory syncytial 
virus, rhinovirus and respiratory adenovirus being the 

most common pathogens2-4. Pneumonia is the most 
common nosocomial infection in the intensive care 
unit (ICU) and half of deaths from pneumonia are 
attributable to bacterial infections5-6. Highly infectious 
pathogenic typical bacteria include Streptococcus 
pneumoniae, Haemophilus influenzae and Moraxella 
catarrhalis. In addition, atypical bacteria specifically 
Mycoplasma pneumoniae is responsible for 10.0 to 
30.0% of community-acquired pneumonia7-9.
The human respiratory tract hosts co-circulating 
pathogens that causes ARIs with combination of 
virus/virus, bacteria/bacteria and virus/bacteria, 
leading to patient’s poor outcome10. The accurate and 
rapid detection of causative organisms is helpful in 
selecting appropriate antiviral or anti-bacterial 
treatment in time, that improve patient prognosis, 
prevent overuse of antibiotics and control the outbreak 
of contagious pathogens. Due to the diversity and 
complexity of infectious pathogens and overlapping 
sign-symptoms, specific diagnosis of ARI relies almost 
entirely on laboratory investigation. 
Conventional diagnostic methods such as bacterial 
culture, targeted polymerase-chain reaction (PCR) 
assays, rapid viral antigen tests, viral culture and direct 
fluorescent antibody test have some limitations in 
comprehensiveness, accuracy, and/or timeliness of 
results to guide clinical decisions while fail to 
establish an etiological diagnosis for more than50.0% 
of patients11. Among new molecular technologies, 
Multiplex RT-PCR assays are fast, accurate, able to 
detect non-cultivable organisms, can identify multiple 
respiratory viruses and bacteria in a single run within 
few hours12. Thus, it helps clinicians to distinguish ARI 
due to viral and/or bacterial origin and assist in 
delivering proper treatment to patients. A multiplex 
RT-PCR could simultaneously detect a panel of 22 
different respiratory pathogens that included influenza 
virus A (FluA),  influenza virus B (FluB), 
parainfluenza virus (PIV-1,2,3,4), human respiratory 
syncytial viruses (RSV),  human adenoviruses (AdVs), 
human metapneumoviruses (HMPV), human 
coronaviruses (HCoVs-NL63, HKU 1, 229E, OC43), 
human enteroviruses (EVs), human rhinoviruses (RVs) 
and bocaviruses (BoV) as well as the fastidious 
respiratory bacteria including Streptococcus 
pneumoniae, Haemophilus influenzae, Moraxella 
catarrhalis, Chlamydia pneumoniae, Mycoplasma 
pneumoniae and Legionella pneumophila with their 
co-infections in a single respiratory sample13-14. 
This study was aimed to evaluate efficacy of multiplex 
RT-PCR Respiratory Panel, as an important tool to 

detect multiple respiratory pathogens in a single test 
among all age groups of patients that improve 
etiological diagnosis of ARI in both hospitalized and 
outpatient setting in a tertiary care hospital, 
Bangladesh, rather doing a bundle of routine 
microbiological diagnostic assays.

Methodology
Study Settings and Population: This retrospective 
study was conducted in Molecular Laboratory unit of 
diagnostic Laboratory services of Square Hospital Ltd 
(SHL), Dhaka, Bangladesh from March to October, 
2023 for a period of 8 months. Nasopharyngeal or 
Oropharyngeal swabs were collected in a sterile screw 
capped Centrifuge tube containing sterile Normal 
saline(NS) or Universal transport media (UTM), from 
patients with symptomatic respiratory tract infection 
who were visited or admitted in Critical care, 
Out-patient department (OPD) and In-Patient 
department (IPD) of Square Hospital Ltd., Dhaka, 
Bangladesh. 
Study Procedure: In this study, the multiplex PCR 
assay was done by using detection kit (VIASURE 
Respiratory Panel III Real Time PCR Detection Kit, 

BIOTEC; Genome Dx; Spain) which is designed for 
the specific and qualitative detection of DNA/RNA 
from 16 Viruses and 6 Bacteria in respiratory samples 
from patients with signs and symptoms of respiratory 
infection. Pathogens were detected with the VIASURE 
Respiratory Panel (Table1).
Respiratory Panel Detection Kit: VIASURE 
Respiratory Panel III Real Time PCR Detection Kit 
contained all the components necessary for real time 
PCR assay (A mix of enzymes, primers, probes, buffer, 
dNTPs, stabilizers and internal control in stabilized 
format) in each well. Rehydration buffer is used to 
reconstitute the stabilized product, positive control and 
negative control. RNAse/DNAse free water and 
Optical caps for sealing wells during thermal cycling 
were included in the kit also. 

PCR Technique: Nucleic acid (RNA/DNA) extraction 
was performed from samples either by using nucleic 
acid extraction kit manually or by auto-extraction 
machine according to manufacturer instructions13. 
Nucleic acids (RNA/DNA) were isolated by 
amplification of a conserved region of the specific 
genes using specific primers and fluorescent–labelled 
probes, which then used for Respiratory pathogens 
identification. To reconstitute the number of wells 

needed, 15μL of Rehydration Buffer is added into each 
well. Then, 5μL of RNA/DNA sample, reconstituted 
Respiratory Panel III Positive Control or Negative 
Control were added in different wells and closed them 
with the provided caps. Finally, the plate or the strips 
were loaded in the thermal cycler for amplification. 
The thermocycler (either Lightcycler, Cobas Z480, 
RotorGeneQ 6000) was programmed for 40 cycles for 
DNA amplification (Table 2).
Finally, the amplified RNA/DNA was determined 
using fluorescent signals of the samples and observed 
in Real Time on the FAM, ROX, Cy5 and/or HEX 
(JOE or VIC) channels. The analysis of the samples 
and controls are done by the software used by the real 
time PCR equipment itself following manufacturer´s 
manual13.
Findings Interpretation: Amplification curves of 
detected pathogens were viewed with corresponding 
cycle threshold (CT) and endpoint fluorescence (EP) 
values. The overall procedures took approximately 
four hours (4h) for a single test13. Results were read, 
analyzed and interpreted according to manufacturer 
instruction (Table 3).
Statistical Analysis: Statistical analysis was 
performed by Windows based software named as 
Statistical Package for Social Science (SPSS), versions 
22.0 (IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY: IBM Corp.). Categorical data were 
summarized in terms of frequency counts and 
percentages. Continuous data were expressed as mean, 
standard deviation, minimum and maximum.
Ethical Clearance: Ethical approval for the study was 
obtained from the Square Hospitals Ltd., Dhaka, 
Bangladesh Medical Review Board. All methods were 
performed in accordance with the relevant guidelines 
and regulations. All procedures of the present study 
were carried out in accordance with the principles for 
human investigations (i.e., Helsinki Declaration 2013) 
and also with the ethical guidelines of the Institutional 
research ethics. Participants in the study were 
informed about the procedure and purpose of the study 
and confidentiality of information provided. All 
participants consented willingly to be a part of the 
study during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system.

Results
A total of 569 Nasopharyngeal or Oropharyngeal swab 
samples were collected from patients with Respiratory 
Tract Infection (RTI) during our eight (8) months of 

study period from March to October, 2023. Of the 569 
samples tested; 442(77.7%) had single/multiple of 
listed virus/bacteria in the panel and 127(22.3%) 
samples were negative for any pathogens (Figure I).

Over the entire study period, total 784 respiratory 
pathogens including viruses and bacteria either single 
or in-combination were detected from 442 positive 
samples.  The results vary between children and adults, 
as shown in (Table 4). Both in adult and children 
group, bacteria were isolated more than viruses. 
Streptococcus pneumoniae (SPN) was the highest in 
number among >18 years (53%) of age compared to 
<18 years (38%). Haemophilus influenzae (HI) and 
Moraxella catarrhalis (MC) were also higher than any 
virus in children but less than Influenza A virus in 
adult. Mycoplasma pneumoniae (MP), represented as 
an atypical bacteria causing pneumonia was found 
more among adult than in children. Study showed 
Respiratory syncytial virus (RSV) more prevalent in 
children (20.0%) than in adult (15.0%), whereas 
Influenza A and Influenza B virus higher among adult 
(36.5%; 14.0%) compared to children (18.0%; 11.0%). 
Isolation of all other viruses found higher in children 
than in adult except Human Metapneumovirus 
(HMPV) and different types of Coronavirus. Of the 
positive isolates, detection of more than one 
respiratory pathogen was found in 531/784 (68.0%) 
with a higher co-detection rate in the children’s group 
(75.2%) than in the adult group (64.5%).
Respiratory panel test detected total 330 viruses in this 

study. The most frequently reported respiratory viruses 
were influenza A (100) followed by Respiratory 
Syncytial Virus A/B (56), Rhinovirus (49), Influenza B 
(43), Adenovirus (18), Enterovirus (16) and Human 
Metapneumovirus (13) respectively. The detection 
rates of other respiratory viruses were less than 10 in 
number (Figure III).

VIASURE multiplex real-time RT-PCR assay was 
applied to detect 3 typical and 3 atypical bacteria 
simultaneously. A total of 454 (57.9%) bacteria were 
identified, of which 3 typical and only one atypical 
bacteria, specifically Mycoplasma pneumoniae (4.0%). 
Among typical ones, most prevalent was Streptococcus 

pneumoniae (48%) followed by Haemophilus 
influenzae (26.0%) and Moraxella catarrhalis (22.0%). 
Other two atypical bacteria like Chlamydia 
pneumoniae (CP) and Legionella pneumophila (LP) 
were not found in our study (Figure IV).

The assay detected 49.5% (219) positive cases with 
single bacterial or viral infection, while more than one 
respiratory pathogen in 50.5% (223) of the detected 
samples. Bacterial-viral co-detections were found most 
prevalent (167) followed by bacterial-bacterial (46) 
and Viral co-infections (10) (Figure V).

A total of 46bacterial co-infections were detected by 
multiplex RT-PCR used in this study, mostly involving 
Streptococcus pneumoniae and Haemophilus 
influenzae. The most commonly prevailed co-infection 
was Streptococcus pneumoniae combined with 
Moraxella catarrhalis (39%), followed by 
Streptococcus pneumoniae plus Haemophilus 
influenzae (31.0%). A triple combination of 
Streptococcus pneumoniae, Moraxella catarrhalis and 
Haemophilus influenzae took third position (11%). 
Mycoplasma pneumoniae also being part of double 
and triple co-infections (Figure VI).

We found total 10 viral co-detections, of which 7 were 
dual, 2 triple and 1 quadruple infections, one each in 
all combinations (Table 5).
The complexity of 167 virus-bacteria co-infections can 
be subdivided into 93 cases of dual infections, 53 triple 
infections, 15 quadruple infections and 6 quintuple 
Infections. Among double combinations, 25 cases has 
Influenza A combined with Streptococcus pneumoniae, 
10 cases of RSV with Streptococcus pneumoniae, 7 
cases of Influenza A with Haemophilus influenzae, 06 
cases of each Streptococcus pneumoniae combined 

with either Influenza B or Rhinovirus and 05 cases of 
each found Influenza A and Moraxella catarrhalis, 
Influenza B and Moraxella catarrhalis, RSV and 
Haemophilus influenzae (Table 6).
Of total 53 triple infections, most prevalent 
co-infection found Influenza A combined with 
Haemophilus influenzae and Streptococcus 
pneumoniae (9). Other 26 combinations have highest 
isolation of Streptococcus pneumoniae (Table 7).
We detected 15 cases of quadruple combinations, of 
which Streptococcus pneumoniae and Influenza A virus 
were found in most cases (Table 8).
Among 6 cases with five pathogens, Streptococcus 
pneumoniae, Moraxella catarrhalis, Haemophilus 
influenzae and Influenza A combined with RV in 2 
cases and RSV in one case. Other three also has 
Streptococcus pneumoniae with other different viruses 
and bacteria (Table 9).

Discussion
Respiratory infections due to various causes was found 
in Bangladesh. This study provides a glimpse of such 
infections from a substantial number of samples from 
patients with suspected pulmonary infection. A 
Multiplex RT-PCR method is used to detect 
Respiratory viruses and bacteria among adults and 
children. The outbreak of SARS, the threat of human 
avian H5N1 influenza virus cases, presence of H1N1 
influenza A and the recent 2020 Covid-19 pandemic 
has heighten the need for improved diagnostic tests for 
respiratory pathogens15.
Molecular assays for identification and simultaneous 
detection of common respiratory pathogens are now 
widely used, replacing many conventional diagnostic 
methods. The main impact of this multiplex PCR was 
its broader spectrum of detection16. In the current 
study, we can detect 22 selected respiratory pathogens 
causing acute respiratory infections in clinical practice 
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and provided the widest spectrum ever reported. 
Multiplex RT-PCR assays display a variety of benefits, 
including a significant reduction in the turnaround 
time with results being available within the same day 
of specimen collection and become more economical 
as multiple pathogens can be detected in a single 
assay17. A nucleic acid extraction kit was used to 
extract both DNA and RNA simultaneously and the 
study can be done with small amount of samples, 
along with minimizing time, labor, and materials 
involved in nucleic acid extraction. Our reporting time 
of 4 hour was consistent with outcomes reported in 
previous studies where reporting mean time was 3.1 
hour18. The present study results showed an increase in 
diagnosis within designated TAT that help in timely 
implementation of isolation precaution and judicious 
use of antimicrobials.
Acute respiratory infections are caused by a complex 
array of pathogens, most commonly viruses and 
bacteria, as well as atypical microorganisms like 
Mycoplasma and Chlamydia18,19. Furthermore, clinical 
diagnosis is complicated with co-infection of several 
pathogens leading to treatment difficulty of acute 
respiratory infection20. In this study, 569 
nasopharyngeal and oropharyngeal specimens were 
collected and analyzed with VIASURE Multiplex 
Respiratory panel over a period of eight months. The 
overall results revealed a positive rate of 77.7%, in 
agreement with the range of positive rates (33.39 to 
65.2%) reported in other studies1,21.  Both virus and 
bacteria are identified among these positive samples 
either single or in combination, leads to total detection 
of 784 organisms responsible for ARIs. Of them, 70% 
were from adult and 30% belong to children which is 
contrast to other studies where positivity rate was more 
in pediatric patients than in adult22,23. Respiratory tract 
infection accounts for a majority of the admissions in 
acute care hospitals and like other studies we also 
found more than half of both respiratory bacteria and 
virus in critical care than in wards and outpatient 
department17.
Virus has found at a rate of 42.1% which is higher than 
the reported previous studies23,24. This can be at least 
partially explained by the use of a sensitive multiplex 
RT-PCR, which can detect 16 different viruses and 
improve the diagnostic yield. Of them, approximately 
one-third were Influenza A (33%) virus in all age 
groups. Other important viruses detected are RSV in 
19.0% of positive samples followed by Rhinovirus in 
16.0% of positive samples and Influenza B which 

represented 14.0% of positive cases. These results are 
in line with surveillance studies done by the Centers 
for Disease Control and Prevention (CDC), which 
indicated that 99.8% of influenza viruses isolated were 
type A and 0.2% were type B25. The findings of the 
present study did not agree with studies by 
Brittain-Long et al26 where they found Rhinovirus as 
highest isolation followed by Influenza A virus, and 
RSV.  Avcu et al27 also reported that viral agents were 
detected in 83.3% of patients by molecular methods 
and RSV has been reported as the most common agent. 
Rapid molecular diagnostic tests for relevant bacterial 
pathogens in addition to viral targets can limit 
antibacterial therapy28. More bacteria were isolated 
than virus in both age group with highest prevalence of 
Streptococcus pneumonia in this study. Haemophilus 
influenzae and Moraxella catarrhalis were more than 
any virus in children but less than Influenza A virus in 
adult. These results are in line with former report29. We 
detect Mycoplasma pneumoniae at a rate of 2.8%. 
Previous studies have reported varying detection rates 
of Mycoplasma pneumoniae: 1.7% (adults and 
children in U.S.) to 7.1% (adults in Shanghai, China) 
which might be attributed to the difference in 
collection sites30,31. 
Various studies found that at least one viral or bacterial 
respiratory pathogen detection rate ranged from 41.8% 
to 78.6%, which is in accordance with our findings of 
49.5% positivity. Co-infection has been found in 
31.0% to 51.8% of positive respiratory samples in 
previous studies19,20,22,32,33.  In our study, a higher rate of 
68.0% co-infection was detected. Of them, children 
belong the highest which is almost similar with 
previously published data34-35. We detect three types of 
co-infection including Viral/viral (10), 
Bacterial/bacterial (46) and viral/bacterial (167) with 
2, 3, 4, and up to 5 different combinations. The 
specific and sensitive detection of this study revealed 
that, of 167 mixed infections; 93 were dual, 53 triple, 
15 quadruple and 6 quintuple positive samples. Only 
dual and triple combinations are found among 
viral/viral and bacterial/bacterial co-detected samples. 
The largest proportion of co-detected pathogens was 
Influenza A combined with Streptococcus pneumonia 
(25) followed by Streptococcus pneumonia and 
Moraxella catarrhalis (18), Streptococcus pneumonia 
and Haemophilus influenzae (14) and RSV combined 
with Streptococcus pneumonia (10), similar evidence 
were provided by other independent studies7,8,10,12,17,36. 
This study found three patients with quadruple 

infections detected as Influenza A combined with 
Streptococcus pneumoniae, Haemophilus influenzae, 
and Moraxella catarrhalis; two cases of quintuple 
infections included Influenza A/RV and Streptococcus 
pneumonia / Haemophilus influenzae / Moraxella 
catarrhalis. Such findings constitute strong evidence to 
support that hospitalized patients with acute 
respiratory infections are likely to be infected by more 
than one pathogen. However, the predominance of  
bacteria include Streptococcus pneumonia, 
Haemophilus influenzae and viruses include Influenza, 
RV and RSV in our single and multiple detections, all 
these findings are in line with previously published 
data9-11,17,24. There is no doubt that this multiplex 
real-time PCR assay will significantly expand the 
diagnostic potential for a careful evaluation of 
concomitant bacterial infection to patients with 
positive results of viral examination, thus help 
clinicians to adopt rapid and accurate antibiotic 
treatment regimens.
There were several limitations to our study. First, the 
retrospective design may have led to an inevitable 
selection bias. Second, our specimens are collected 
from a single location over eight months which may 
limit the general applicability of the findings and 
seasonal variation cannot be detected. Third, analyzing 
the clinical feature was beyond the scope of this study 
and thus the demographic data, clinical presentation 
with severity and length of hospitalization were not 
provided in our results. Fourth, commercial assays 
used in this study are invariably expensive and 
difficult to implement in resource poor settings, also 
cannot be quickly modified when new pathogens or 
new strains of known pathogens emerge which are 
missed by the existing assays.
 
Conclusion
In conclusion, the prevalence of respiratory pathogens 
in this institution is high with Respiratory Panel, of 
which majority is bacteria. Influenza virus, RSV and 
RV/EV are the most important viral agents of ARIs, 
while among bacteria, Streptococcus pneumoniae is 
the highest isolated followed by Haemophilus 
influenzae and Moraxella catarrhalis. The only 
atypical bacteria identified is Mycoplasma 
pneumoniae. Present study has detected in half of 
co-infection of which higher rate is in children. 
Bacterial-viral co-detections has found most prevalent 
followed by bacterial-bacterial and viral co-infections. 
Due to similarities of viral and bacterial ARIs with 

inconclusive laboratory findings, a diagnostic dilemma 
appears. Implementation of Panel test detect different 
respiratory pathogens simultaneously, provides rapid 
and high-yield results which can guide diagnosis and 
enhance a more rational use of antibiotics and/or 
antivirals. Future prospective studies for further 
assessing the impact of Respiratory Panel on outcomes 
including correct, timely diagnosis, use or misuse of 
antibiotics, minimizing other diagnostic tests, length of 
hospital stay and clinical course is recommended.
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Introduction
Acute Respiratory Infection (ARI), ranging from 
common cold to severe pneumonia is the major cause 
of outpatient visits and hospitalizations in all age 

categories worldwide, many of which are associated 
with significant morbidity and mortality particularly in 
children, elderly and immunocompromised 
individual1. A large heterogeneous group of typical or 
atypical bacteria and viruses are responsible for these 
ARIs that produce similar clinical presentations and 
put physicians into a diagnostic dilemma. Viral 
infections, however accounts for approximate 80.0% 
of ARIs with influenza virus, respiratory syncytial 
virus, rhinovirus and respiratory adenovirus being the 

most common pathogens2-4. Pneumonia is the most 
common nosocomial infection in the intensive care 
unit (ICU) and half of deaths from pneumonia are 
attributable to bacterial infections5-6. Highly infectious 
pathogenic typical bacteria include Streptococcus 
pneumoniae, Haemophilus influenzae and Moraxella 
catarrhalis. In addition, atypical bacteria specifically 
Mycoplasma pneumoniae is responsible for 10.0 to 
30.0% of community-acquired pneumonia7-9.
The human respiratory tract hosts co-circulating 
pathogens that causes ARIs with combination of 
virus/virus, bacteria/bacteria and virus/bacteria, 
leading to patient’s poor outcome10. The accurate and 
rapid detection of causative organisms is helpful in 
selecting appropriate antiviral or anti-bacterial 
treatment in time, that improve patient prognosis, 
prevent overuse of antibiotics and control the outbreak 
of contagious pathogens. Due to the diversity and 
complexity of infectious pathogens and overlapping 
sign-symptoms, specific diagnosis of ARI relies almost 
entirely on laboratory investigation. 
Conventional diagnostic methods such as bacterial 
culture, targeted polymerase-chain reaction (PCR) 
assays, rapid viral antigen tests, viral culture and direct 
fluorescent antibody test have some limitations in 
comprehensiveness, accuracy, and/or timeliness of 
results to guide clinical decisions while fail to 
establish an etiological diagnosis for more than50.0% 
of patients11. Among new molecular technologies, 
Multiplex RT-PCR assays are fast, accurate, able to 
detect non-cultivable organisms, can identify multiple 
respiratory viruses and bacteria in a single run within 
few hours12. Thus, it helps clinicians to distinguish ARI 
due to viral and/or bacterial origin and assist in 
delivering proper treatment to patients. A multiplex 
RT-PCR could simultaneously detect a panel of 22 
different respiratory pathogens that included influenza 
virus A (FluA),  influenza virus B (FluB), 
parainfluenza virus (PIV-1,2,3,4), human respiratory 
syncytial viruses (RSV),  human adenoviruses (AdVs), 
human metapneumoviruses (HMPV), human 
coronaviruses (HCoVs-NL63, HKU 1, 229E, OC43), 
human enteroviruses (EVs), human rhinoviruses (RVs) 
and bocaviruses (BoV) as well as the fastidious 
respiratory bacteria including Streptococcus 
pneumoniae, Haemophilus influenzae, Moraxella 
catarrhalis, Chlamydia pneumoniae, Mycoplasma 
pneumoniae and Legionella pneumophila with their 
co-infections in a single respiratory sample13-14. 
This study was aimed to evaluate efficacy of multiplex 
RT-PCR Respiratory Panel, as an important tool to 

detect multiple respiratory pathogens in a single test 
among all age groups of patients that improve 
etiological diagnosis of ARI in both hospitalized and 
outpatient setting in a tertiary care hospital, 
Bangladesh, rather doing a bundle of routine 
microbiological diagnostic assays.

Methodology
Study Settings and Population: This retrospective 
study was conducted in Molecular Laboratory unit of 
diagnostic Laboratory services of Square Hospital Ltd 
(SHL), Dhaka, Bangladesh from March to October, 
2023 for a period of 8 months. Nasopharyngeal or 
Oropharyngeal swabs were collected in a sterile screw 
capped Centrifuge tube containing sterile Normal 
saline(NS) or Universal transport media (UTM), from 
patients with symptomatic respiratory tract infection 
who were visited or admitted in Critical care, 
Out-patient department (OPD) and In-Patient 
department (IPD) of Square Hospital Ltd., Dhaka, 
Bangladesh. 
Study Procedure: In this study, the multiplex PCR 
assay was done by using detection kit (VIASURE 
Respiratory Panel III Real Time PCR Detection Kit, 

BIOTEC; Genome Dx; Spain) which is designed for 
the specific and qualitative detection of DNA/RNA 
from 16 Viruses and 6 Bacteria in respiratory samples 
from patients with signs and symptoms of respiratory 
infection. Pathogens were detected with the VIASURE 
Respiratory Panel (Table1).
Respiratory Panel Detection Kit: VIASURE 
Respiratory Panel III Real Time PCR Detection Kit 
contained all the components necessary for real time 
PCR assay (A mix of enzymes, primers, probes, buffer, 
dNTPs, stabilizers and internal control in stabilized 
format) in each well. Rehydration buffer is used to 
reconstitute the stabilized product, positive control and 
negative control. RNAse/DNAse free water and 
Optical caps for sealing wells during thermal cycling 
were included in the kit also. 

PCR Technique: Nucleic acid (RNA/DNA) extraction 
was performed from samples either by using nucleic 
acid extraction kit manually or by auto-extraction 
machine according to manufacturer instructions13. 
Nucleic acids (RNA/DNA) were isolated by 
amplification of a conserved region of the specific 
genes using specific primers and fluorescent–labelled 
probes, which then used for Respiratory pathogens 
identification. To reconstitute the number of wells 

needed, 15μL of Rehydration Buffer is added into each 
well. Then, 5μL of RNA/DNA sample, reconstituted 
Respiratory Panel III Positive Control or Negative 
Control were added in different wells and closed them 
with the provided caps. Finally, the plate or the strips 
were loaded in the thermal cycler for amplification. 
The thermocycler (either Lightcycler, Cobas Z480, 
RotorGeneQ 6000) was programmed for 40 cycles for 
DNA amplification (Table 2).
Finally, the amplified RNA/DNA was determined 
using fluorescent signals of the samples and observed 
in Real Time on the FAM, ROX, Cy5 and/or HEX 
(JOE or VIC) channels. The analysis of the samples 
and controls are done by the software used by the real 
time PCR equipment itself following manufacturer´s 
manual13.
Findings Interpretation: Amplification curves of 
detected pathogens were viewed with corresponding 
cycle threshold (CT) and endpoint fluorescence (EP) 
values. The overall procedures took approximately 
four hours (4h) for a single test13. Results were read, 
analyzed and interpreted according to manufacturer 
instruction (Table 3).
Statistical Analysis: Statistical analysis was 
performed by Windows based software named as 
Statistical Package for Social Science (SPSS), versions 
22.0 (IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY: IBM Corp.). Categorical data were 
summarized in terms of frequency counts and 
percentages. Continuous data were expressed as mean, 
standard deviation, minimum and maximum.
Ethical Clearance: Ethical approval for the study was 
obtained from the Square Hospitals Ltd., Dhaka, 
Bangladesh Medical Review Board. All methods were 
performed in accordance with the relevant guidelines 
and regulations. All procedures of the present study 
were carried out in accordance with the principles for 
human investigations (i.e., Helsinki Declaration 2013) 
and also with the ethical guidelines of the Institutional 
research ethics. Participants in the study were 
informed about the procedure and purpose of the study 
and confidentiality of information provided. All 
participants consented willingly to be a part of the 
study during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system.

Results
A total of 569 Nasopharyngeal or Oropharyngeal swab 
samples were collected from patients with Respiratory 
Tract Infection (RTI) during our eight (8) months of 

study period from March to October, 2023. Of the 569 
samples tested; 442(77.7%) had single/multiple of 
listed virus/bacteria in the panel and 127(22.3%) 
samples were negative for any pathogens (Figure I).

Over the entire study period, total 784 respiratory 
pathogens including viruses and bacteria either single 
or in-combination were detected from 442 positive 
samples.  The results vary between children and adults, 
as shown in (Table 4). Both in adult and children 
group, bacteria were isolated more than viruses. 
Streptococcus pneumoniae (SPN) was the highest in 
number among >18 years (53%) of age compared to 
<18 years (38%). Haemophilus influenzae (HI) and 
Moraxella catarrhalis (MC) were also higher than any 
virus in children but less than Influenza A virus in 
adult. Mycoplasma pneumoniae (MP), represented as 
an atypical bacteria causing pneumonia was found 
more among adult than in children. Study showed 
Respiratory syncytial virus (RSV) more prevalent in 
children (20.0%) than in adult (15.0%), whereas 
Influenza A and Influenza B virus higher among adult 
(36.5%; 14.0%) compared to children (18.0%; 11.0%). 
Isolation of all other viruses found higher in children 
than in adult except Human Metapneumovirus 
(HMPV) and different types of Coronavirus. Of the 
positive isolates, detection of more than one 
respiratory pathogen was found in 531/784 (68.0%) 
with a higher co-detection rate in the children’s group 
(75.2%) than in the adult group (64.5%).
Respiratory panel test detected total 330 viruses in this 

study. The most frequently reported respiratory viruses 
were influenza A (100) followed by Respiratory 
Syncytial Virus A/B (56), Rhinovirus (49), Influenza B 
(43), Adenovirus (18), Enterovirus (16) and Human 
Metapneumovirus (13) respectively. The detection 
rates of other respiratory viruses were less than 10 in 
number (Figure III).

VIASURE multiplex real-time RT-PCR assay was 
applied to detect 3 typical and 3 atypical bacteria 
simultaneously. A total of 454 (57.9%) bacteria were 
identified, of which 3 typical and only one atypical 
bacteria, specifically Mycoplasma pneumoniae (4.0%). 
Among typical ones, most prevalent was Streptococcus 

pneumoniae (48%) followed by Haemophilus 
influenzae (26.0%) and Moraxella catarrhalis (22.0%). 
Other two atypical bacteria like Chlamydia 
pneumoniae (CP) and Legionella pneumophila (LP) 
were not found in our study (Figure IV).

The assay detected 49.5% (219) positive cases with 
single bacterial or viral infection, while more than one 
respiratory pathogen in 50.5% (223) of the detected 
samples. Bacterial-viral co-detections were found most 
prevalent (167) followed by bacterial-bacterial (46) 
and Viral co-infections (10) (Figure V).

A total of 46bacterial co-infections were detected by 
multiplex RT-PCR used in this study, mostly involving 
Streptococcus pneumoniae and Haemophilus 
influenzae. The most commonly prevailed co-infection 
was Streptococcus pneumoniae combined with 
Moraxella catarrhalis (39%), followed by 
Streptococcus pneumoniae plus Haemophilus 
influenzae (31.0%). A triple combination of 
Streptococcus pneumoniae, Moraxella catarrhalis and 
Haemophilus influenzae took third position (11%). 
Mycoplasma pneumoniae also being part of double 
and triple co-infections (Figure VI).

We found total 10 viral co-detections, of which 7 were 
dual, 2 triple and 1 quadruple infections, one each in 
all combinations (Table 5).
The complexity of 167 virus-bacteria co-infections can 
be subdivided into 93 cases of dual infections, 53 triple 
infections, 15 quadruple infections and 6 quintuple 
Infections. Among double combinations, 25 cases has 
Influenza A combined with Streptococcus pneumoniae, 
10 cases of RSV with Streptococcus pneumoniae, 7 
cases of Influenza A with Haemophilus influenzae, 06 
cases of each Streptococcus pneumoniae combined 

with either Influenza B or Rhinovirus and 05 cases of 
each found Influenza A and Moraxella catarrhalis, 
Influenza B and Moraxella catarrhalis, RSV and 
Haemophilus influenzae (Table 6).
Of total 53 triple infections, most prevalent 
co-infection found Influenza A combined with 
Haemophilus influenzae and Streptococcus 
pneumoniae (9). Other 26 combinations have highest 
isolation of Streptococcus pneumoniae (Table 7).
We detected 15 cases of quadruple combinations, of 
which Streptococcus pneumoniae and Influenza A virus 
were found in most cases (Table 8).
Among 6 cases with five pathogens, Streptococcus 
pneumoniae, Moraxella catarrhalis, Haemophilus 
influenzae and Influenza A combined with RV in 2 
cases and RSV in one case. Other three also has 
Streptococcus pneumoniae with other different viruses 
and bacteria (Table 9).

Discussion
Respiratory infections due to various causes was found 
in Bangladesh. This study provides a glimpse of such 
infections from a substantial number of samples from 
patients with suspected pulmonary infection. A 
Multiplex RT-PCR method is used to detect 
Respiratory viruses and bacteria among adults and 
children. The outbreak of SARS, the threat of human 
avian H5N1 influenza virus cases, presence of H1N1 
influenza A and the recent 2020 Covid-19 pandemic 
has heighten the need for improved diagnostic tests for 
respiratory pathogens15.
Molecular assays for identification and simultaneous 
detection of common respiratory pathogens are now 
widely used, replacing many conventional diagnostic 
methods. The main impact of this multiplex PCR was 
its broader spectrum of detection16. In the current 
study, we can detect 22 selected respiratory pathogens 
causing acute respiratory infections in clinical practice 
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and provided the widest spectrum ever reported. 
Multiplex RT-PCR assays display a variety of benefits, 
including a significant reduction in the turnaround 
time with results being available within the same day 
of specimen collection and become more economical 
as multiple pathogens can be detected in a single 
assay17. A nucleic acid extraction kit was used to 
extract both DNA and RNA simultaneously and the 
study can be done with small amount of samples, 
along with minimizing time, labor, and materials 
involved in nucleic acid extraction. Our reporting time 
of 4 hour was consistent with outcomes reported in 
previous studies where reporting mean time was 3.1 
hour18. The present study results showed an increase in 
diagnosis within designated TAT that help in timely 
implementation of isolation precaution and judicious 
use of antimicrobials.
Acute respiratory infections are caused by a complex 
array of pathogens, most commonly viruses and 
bacteria, as well as atypical microorganisms like 
Mycoplasma and Chlamydia18,19. Furthermore, clinical 
diagnosis is complicated with co-infection of several 
pathogens leading to treatment difficulty of acute 
respiratory infection20. In this study, 569 
nasopharyngeal and oropharyngeal specimens were 
collected and analyzed with VIASURE Multiplex 
Respiratory panel over a period of eight months. The 
overall results revealed a positive rate of 77.7%, in 
agreement with the range of positive rates (33.39 to 
65.2%) reported in other studies1,21.  Both virus and 
bacteria are identified among these positive samples 
either single or in combination, leads to total detection 
of 784 organisms responsible for ARIs. Of them, 70% 
were from adult and 30% belong to children which is 
contrast to other studies where positivity rate was more 
in pediatric patients than in adult22,23. Respiratory tract 
infection accounts for a majority of the admissions in 
acute care hospitals and like other studies we also 
found more than half of both respiratory bacteria and 
virus in critical care than in wards and outpatient 
department17.
Virus has found at a rate of 42.1% which is higher than 
the reported previous studies23,24. This can be at least 
partially explained by the use of a sensitive multiplex 
RT-PCR, which can detect 16 different viruses and 
improve the diagnostic yield. Of them, approximately 
one-third were Influenza A (33%) virus in all age 
groups. Other important viruses detected are RSV in 
19.0% of positive samples followed by Rhinovirus in 
16.0% of positive samples and Influenza B which 

represented 14.0% of positive cases. These results are 
in line with surveillance studies done by the Centers 
for Disease Control and Prevention (CDC), which 
indicated that 99.8% of influenza viruses isolated were 
type A and 0.2% were type B25. The findings of the 
present study did not agree with studies by 
Brittain-Long et al26 where they found Rhinovirus as 
highest isolation followed by Influenza A virus, and 
RSV.  Avcu et al27 also reported that viral agents were 
detected in 83.3% of patients by molecular methods 
and RSV has been reported as the most common agent. 
Rapid molecular diagnostic tests for relevant bacterial 
pathogens in addition to viral targets can limit 
antibacterial therapy28. More bacteria were isolated 
than virus in both age group with highest prevalence of 
Streptococcus pneumonia in this study. Haemophilus 
influenzae and Moraxella catarrhalis were more than 
any virus in children but less than Influenza A virus in 
adult. These results are in line with former report29. We 
detect Mycoplasma pneumoniae at a rate of 2.8%. 
Previous studies have reported varying detection rates 
of Mycoplasma pneumoniae: 1.7% (adults and 
children in U.S.) to 7.1% (adults in Shanghai, China) 
which might be attributed to the difference in 
collection sites30,31. 
Various studies found that at least one viral or bacterial 
respiratory pathogen detection rate ranged from 41.8% 
to 78.6%, which is in accordance with our findings of 
49.5% positivity. Co-infection has been found in 
31.0% to 51.8% of positive respiratory samples in 
previous studies19,20,22,32,33.  In our study, a higher rate of 
68.0% co-infection was detected. Of them, children 
belong the highest which is almost similar with 
previously published data34-35. We detect three types of 
co-infection including Viral/viral (10), 
Bacterial/bacterial (46) and viral/bacterial (167) with 
2, 3, 4, and up to 5 different combinations. The 
specific and sensitive detection of this study revealed 
that, of 167 mixed infections; 93 were dual, 53 triple, 
15 quadruple and 6 quintuple positive samples. Only 
dual and triple combinations are found among 
viral/viral and bacterial/bacterial co-detected samples. 
The largest proportion of co-detected pathogens was 
Influenza A combined with Streptococcus pneumonia 
(25) followed by Streptococcus pneumonia and 
Moraxella catarrhalis (18), Streptococcus pneumonia 
and Haemophilus influenzae (14) and RSV combined 
with Streptococcus pneumonia (10), similar evidence 
were provided by other independent studies7,8,10,12,17,36. 
This study found three patients with quadruple 

infections detected as Influenza A combined with 
Streptococcus pneumoniae, Haemophilus influenzae, 
and Moraxella catarrhalis; two cases of quintuple 
infections included Influenza A/RV and Streptococcus 
pneumonia / Haemophilus influenzae / Moraxella 
catarrhalis. Such findings constitute strong evidence to 
support that hospitalized patients with acute 
respiratory infections are likely to be infected by more 
than one pathogen. However, the predominance of  
bacteria include Streptococcus pneumonia, 
Haemophilus influenzae and viruses include Influenza, 
RV and RSV in our single and multiple detections, all 
these findings are in line with previously published 
data9-11,17,24. There is no doubt that this multiplex 
real-time PCR assay will significantly expand the 
diagnostic potential for a careful evaluation of 
concomitant bacterial infection to patients with 
positive results of viral examination, thus help 
clinicians to adopt rapid and accurate antibiotic 
treatment regimens.
There were several limitations to our study. First, the 
retrospective design may have led to an inevitable 
selection bias. Second, our specimens are collected 
from a single location over eight months which may 
limit the general applicability of the findings and 
seasonal variation cannot be detected. Third, analyzing 
the clinical feature was beyond the scope of this study 
and thus the demographic data, clinical presentation 
with severity and length of hospitalization were not 
provided in our results. Fourth, commercial assays 
used in this study are invariably expensive and 
difficult to implement in resource poor settings, also 
cannot be quickly modified when new pathogens or 
new strains of known pathogens emerge which are 
missed by the existing assays.
 
Conclusion
In conclusion, the prevalence of respiratory pathogens 
in this institution is high with Respiratory Panel, of 
which majority is bacteria. Influenza virus, RSV and 
RV/EV are the most important viral agents of ARIs, 
while among bacteria, Streptococcus pneumoniae is 
the highest isolated followed by Haemophilus 
influenzae and Moraxella catarrhalis. The only 
atypical bacteria identified is Mycoplasma 
pneumoniae. Present study has detected in half of 
co-infection of which higher rate is in children. 
Bacterial-viral co-detections has found most prevalent 
followed by bacterial-bacterial and viral co-infections. 
Due to similarities of viral and bacterial ARIs with 

inconclusive laboratory findings, a diagnostic dilemma 
appears. Implementation of Panel test detect different 
respiratory pathogens simultaneously, provides rapid 
and high-yield results which can guide diagnosis and 
enhance a more rational use of antibiotics and/or 
antivirals. Future prospective studies for further 
assessing the impact of Respiratory Panel on outcomes 
including correct, timely diagnosis, use or misuse of 
antibiotics, minimizing other diagnostic tests, length of 
hospital stay and clinical course is recommended.

Acknowledgements
We sincerely acknowledge and express our gratitude for the 
encouragement and support provided by the management of medical 
services and laboratory services department of SHL; and to all staff of 
molecular pathology for assisting in data acquisition.

Conflict of Interest
The authors have no financial or other conflicts of interest involved in 
producing this manuscript for publication

Financial Disclosure 
The author(s) received no specific fund for this work.

Authors’ contributions
Nurun Nahar Mawla conceived and designed the study, analyzed the 
data, interpreted the results, and wrote up the draft manuscript. Ms. 
Marynatun Nessa contributed to the analysis of the data. Prakash Nandi, 
Md. Mustafizur Rahman, Binod Saha and Md. Omar Faruk helped in 
data collection. Md Anowar Hossain critically reviewed and edit the 
manuscript. Shagufta Mahmood involved in the manuscript review. All 
authors read and approved the final manuscript.

Data Availability 
Any inquiries regarding supporting data availability of this study should 
be directed to the corresponding author and are available from the 
corresponding author on reasonable request.

Ethics Approval and Consent to Participate 
Ethical approval for the study was obtained from the Institutional 
Review Board. As this was a prospective study the written informed 
consent was obtained from all study participants. All methods were 
performed in accordance with the relevant guidelines and regulations.

Copyright: © Mawla et al. 2025. Published by Bangladesh Journal of 
Medical Microbiology. This is an open access article and is licensed 
under the Creative Commons Attribution Non-Commercial 4.0 
International License (CC BY-NC 4.0). This license permits others to 
distribute, remix, adapt and reproduce or changes in any medium or 
format as long as it will give appropriate credit to the original author(s) 
with the proper citation of the original work as well as the source and 
this is used for noncommercial purposes only. To view a copy of this 
license, please See: https://creativecommons.org/licenses/by-nc/4.0/

How to cite this article: Mawla NN, Nessa M, Nandi P, Rahman MM, 
Saha B, Faruk MO, MahmoodS, Hossain MA.Pattern of Respiratory 
Pathogens with their Co-Infection Detected by Multiplex Real-Time 
PCR at a Tertiary Care Hospital in Dhaka City of Bangladesh. 
Bangladesh J Med Microbiol, 2025;19(1):34-45
ORCID
Nurun Nahar Mawla: https://orcid.org/0009-0008-6232-9422
Marynatun Nessa: https://orcid.org/0009-0009-6284-3605
Prakash Nandi: https://orcid.org/0009-0003-8291-0226

Md. Mustafizur Rahman: https://orcid.org/0009-0001-2329-7287
Binod Saha: https://orcid.org/0009-0005-1412-7509
Md. Omar Faruk: https://orcid.org/0009-0001-7070-6549
Shagufta Mahmood: https://orcid.org/0009-0009-4032-1937
Md Anowar Hossain: https://orcid.org/0009-0003-6035-8709

Article Info
Received: 7 September 2024
Accepted: 2 October 2024
Published: 1 January 2025

References 
1. Ciotti M, Maurici M, Santoro V, Coppola L, Sarmati L, De 
Carolis G, De Filippis P, Pica F. Viruses of respiratory tract: an 
observational retrospective study on hospitalized patients in Rome, 
Italy. Microorganisms. 2020;8(4):501
2. Zhang Y, Muscatello DJ, Wang Q, Yang P, Pan Y, Huo D, Liu Z, 
Zhao X, Tang Y, Li C, Chughtai AA. Hospitalizations for 
influenza-associated severe acute respiratory infection, Beijing, 
China, 2014–2016. Emerging Infectious Diseases. 2018;24(11): 
2098-2102
3. Nam HH, Ison MG. Respiratory syncytial virus infection in adults. 
BMJ. 2019 Sep 10;366
4. Scott MK, Chommanard C, Lu X, Appelgate D, Grenz L, 
Schneider E, Gerber SI, Erdman DD, Thomas A. Human adenovirus 
associated with severe respiratory infection, Oregon, USA, 
2013–2014. Emerging infectious diseases. 2016;22(6):1044-1051
5. Troeger C, Blacker B, Khalil IA, Rao PC, Cao J, Zimsen SR, 
Albertson SB, Deshpande A, Farag T, Abebe Z, Adetifa IM. 
Estimates of the global, regional, and national morbidity, mortality, 
and aetiologies of lower respiratory infections in 195 countries, 
1990–2016: A Systematic Analysis for the Global Burden of Disease 
Study 2016. The Lancet Infectious Diseases. 2018;18(11):1191-210
6. D'Amico R, Pifferi S, Torri V, Brazzi L, Parmelli E. Antibiotic 
prophylaxis to reduce respiratory tract infections and mortality in 
adults receiving intensive care. Cochrane Database of Systematic 
Reviews. 2009(4):CD000022
7. McAvin JC, Reilly PA, Roudabush RM, Barnes WJ, Salmen A, 
Jackson GW, Beninga KK, Astorga A, McCleskey FK, Huff WB, 
Niemeyer D. Sensitive and specific method for rapid identification 
of Streptococcus pneumoniae using real-time fluorescence PCR. 
Journal of clinical microbiology. 2001;39(10):3446-51
8. Peerbooms PG, Engelen MN, Stokman DA, van Benthem BH, van 
Weert ML, Bruisten SM, van Belkum A, Coutinho RA. 
Nasopharyngeal carriage of potential bacterial pathogens related to 
day care attendance, with special reference to the molecular 
epidemiology of Haemophilus influenzae. Journal of clinical 
microbiology. 2002;40(8):2832-6
9. Jain S, Self WH, Wunderink RG, Cdc Epic Study Team. 
Community-acquired pneumonia requiring hospitalization. The New 
England Journal of Medicine. 2015;373(24):2382
10. Nickbakhsh S, Mair C, Matthews L, Reeve R, Johnson PC, 
Thorburn F, Von Wissmann B, Reynolds A, McMenamin J, Gunson 
RN, Murcia PR. Virus–virus interactions impact the population 
dynamics of influenza and the common cold. Proceedings of the 
National Academy of Sciences. 2019;116(52):27142-50
11. Musher DM, Abers MS, Bartlett JG. Evolving understanding of 
the causes of pneumonia in adults, with special attention to the role 
of pneumococcus. Clinical Infectious Diseases. 2017;65(10): 
1736-44.
12. Chen JH, Lam HY, Yip CC, Wong SC, Chan JF, Ma ES, Cheng 
VC, Tang BS, Yuen KY. Clinical evaluation of the new 

high-throughput Luminex NxTAG respiratory pathogen panel assay 
for multiplex respiratory pathogen detection. Journal of Clinical 
Microbiology. 2016;54(7):1820-5
13. VIASURE Respiratory Panel III Real Time PCR Detection Kit 
IUo-RP03enes0821 rev00
14. Burk M, El-Kersh K, Saad M, Wiemken T, Ramirez J, Cavallazzi 
R. Viral infection in community-acquired pneumonia: a systematic 
review and meta-analysis. European Respiratory Review. 
2016;25(140):178-88
15. Bellau-Pujol S, Vabret A, Legrand L, Dina J, Gouarin S, 
Petitjean-Lecherbonnier J, Pozzetto B, Ginevra C, Freymuth F. 
Development of three multiplex RT-PCR assays for the detection of 
12 respiratory RNA viruses. Journal of virological methods. 
2005;126(1-2):53-63
16. Salina A, Schumann DM, Franchetti L, Jahn K, Purkabiri K, 
Müller R, Strobel W, Khanna N, Tamm M, Stolz D. Multiplex 
bacterial PCR in the bronchoalveolar lavage fluid of non-intubated 
patients with suspected pulmonary infection: a quasi-experimental 
study. ERJ Open Research. 2022;8(2):00595-2021
17. Lam WY, Yeung AC, Tang JW, Ip M, Chan EW, Hui M, Chan 
PK. Rapid multiplex nested PCR for detection of respiratory viruses. 
Journal of clinical microbiology. 2007;45(11):3631-40.
18. Xu M, Qin X, Astion ML, Rutledge JC, Simpson J, Jerome KR, 
Englund JA, Zerr DM, Migita RT, Rich S, Childs JC. 
Implementation of filmarray respiratory viral panel in a core 
laboratory improves testing turnaround time and patient care. 
American journal of clinical pathology. 2013;139(1):118-23
19. Babady NE. The FilmArray® respiratory panel: an automated, 
broadly multiplexed molecular test for the rapid and accurate 
detection of respiratory pathogens. Expert review of molecular 
diagnostics. 2013;13(8):779-88
20. Lee SH, Ruan SY, Pan SC, Lee TF, Chien JY, Hsueh PR. 
Performance of a multiplex PCR pneumonia panel for the 
identification of respiratory pathogens and the main determinants of 
resistance from the lower respiratory tract specimens of adult 
patients in intensive care units. Journal of Microbiology, 
Immunology and Infection. 2019;52(6):920-8.
21. Busson L, Bartiaux M, Brahim S, Konopnicki D, Dauby N, 
Gérard M, De Backer P, Van Vaerenbergh K, Mahadeb B, Mekkaoui 
L, De Foor M. Contribution of the FilmArray Respiratory Panel in 
the management of adult and pediatric patients attending the 
emergency room during 2015–2016 influenza epidemics: An 
interventional study. International Journal of Infectious Diseases. 
2019 Jun 1;83:32-9
22. Tsagarakis NJ, 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(22):e10903
23. Price OH, Sullivan SG, Sutterby C, Druce J, Carville KS. Using 
routine testing data to understand circulation patterns of influenza A, 
respiratory syncytial virus and other respiratory viruses in Victoria, 
Australia. Epidemiology & Infection. 2019;147:e221-e229
24. Ruuskanen O, Lahti E, Jennings LC, Murdoch DR. Viral 
pneumonia. The Lancet. 2011;377(9773):1264-75
25. Centers for Disease Control and Prevention (CDC) Update: 
influenza activity: United States, 1999–2000 season. MMWR Morb 
Mortal Wkly Rep 2000; 49:173–7
26. Brittain-Long R, Nord S, Olofsson S, Westin J, Anderson LM, 
Lindh M. Multiplex real-time PCR for detection of respiratory tract 
infections. Journal of Clinical Virology. 2008;41(1):53-6

27. Avcu G, Şahbudak BZ, Çiçek C, Vardar F. Clinical and 
epidemiological evaluation of hospitalized children with respiratory 
virus infections. J Pediatr Inf 2017; 11:111–5
28. Gilbert DN, Spellberg B, Bartlett JG. An unmet medical need: 
rapid molecular diagnostics tests for respiratory tract infections. 
Clinical Infectious Diseases. 2011;52:S384-95
29. Ieven M, Coenen S, Loens K, Lammens C, Coenjaerts F, 
Vanderstraeten A, Henriques-Normark B, Crook D, Huygen K, 
Butler CC, Verheij TJ. Aetiology of lower respiratory tract infection 
in adults in primary care: a prospective study in 11 European 
countries. Clinical Microbiology and Infection. 2018;24(11): 
1158-63
30. Leber AL, Everhart K, Daly JA, Hopper A, Harrington A, 
Schreckenberger P, McKinley K, Jones M, Holmberg K, Kensinger 
B. Multicenter evaluation of BioFire FilmArray respiratory panel 2 
for detection of viruses and bacteria in nasopharyngeal swab 
samples. Journal of Clinical Microbiology. 2018;56(6):10-128
31. 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 Infectious Diseases. 
2018;18:1-7

32. O'Grady KF, Grimwood K, Sloots TP, Whiley DM, Acworth JP, 
Phillips N, Goyal V, Chang AB. Prevalence, codetection and 
seasonal distribution of upper airway viruses and bacteria in children 
with acute respiratory illnesses with cough as a symptom. Clinical 
Microbiology and Infection. 2016 Jun 1;22(6):527-34
33. Adam K, Pangesti KN, Setiawaty V. Multiple Viral Infection 
Detected from Influenza‐Like Illness Cases in Indonesia. BioMed 
Research International. 2017;2017(1):9541619.
34. 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. Virology journal. 2009;6:1-7
35. Falsey AR, Becker KL, Swinburne AJ, Nylen ES, Formica MA, 
Hennessey PA, Criddle MM, Peterson DR, Baran A, Walsh EE. 
Bacterial complications of respiratory tract viral illness: a 
comprehensive evaluation. The Journal of infectious diseases. 
2013;208(3):432-41
36. Liu T, Li Z, Zhang S, Song S, Julong W, Lin Y, Guo N, Xing C, 
Xu A, Bi Z, Wang X. Viral Etiology of acute respiratory tract 
infections in hospitalized children and adults in Shandong Province, 
China. Virology Journal. 2015;12:1-7

Table1: Pathogens detected by VIASURE Respiratory Panel kit
Pathogen
Viruses
Influenza A (FLU A)
Influenza B (FLU B)
Adenovirus (AdV)
Bocavirus (BoV)
Human Metapneumovirus (HMPV)
Enterovirus (EV)
Rhinovirus (RV)
Respiratory syncitial virus (RSV) 
Parainfluenza virus (PIV 1)
Parainfluenza virus (PIV 2)
Parainfluenza virus (PIV 3)
Parainfluenza virus (PIV 4)
Coronavirus NL63
Coronavirus HKU1
Coronavirus OC43
Coronavirus 229E
Bacteria
Streptococcus pneumoniae (SPN)
Haemophilus influenzae (HI)
Moraxella catarrhalis (MC)
Chlamydia pneumoniae (CP)
Legionella pneumophila (LP)
Mycoplasma pneumoniae (MP)

       Types(RNA/DNA)

Orthomyxovirus (RNA)
Orthomyxovirus (RNA)
Adenovirus (DNA) 
Parvovirus (DNA) 
Paramyxovirus (RNA) 
Picornavirus (RNA) 
Picornavirus (RNA) 
Paramyxovirus (RNA) 
Paramyxovirus (RNA) 
Paramyxovirus (RNA) 
Paramyxovirus (RNA) 
Paramyxovirus (RNA)
Coronavirus (RNA) 
Coronavirus (RNA)
Coronavirus (RNA) 
Coronavirus (RNA)

Bacterium (DNA) 
Bacterium (DNA)
Bacterium (DNA)
Bacterium (DNA) 
Bacterium (DNA)
Bacterium (DNA)



Introduction
Acute Respiratory Infection (ARI), ranging from 
common cold to severe pneumonia is the major cause 
of outpatient visits and hospitalizations in all age 

categories worldwide, many of which are associated 
with significant morbidity and mortality particularly in 
children, elderly and immunocompromised 
individual1. A large heterogeneous group of typical or 
atypical bacteria and viruses are responsible for these 
ARIs that produce similar clinical presentations and 
put physicians into a diagnostic dilemma. Viral 
infections, however accounts for approximate 80.0% 
of ARIs with influenza virus, respiratory syncytial 
virus, rhinovirus and respiratory adenovirus being the 

most common pathogens2-4. Pneumonia is the most 
common nosocomial infection in the intensive care 
unit (ICU) and half of deaths from pneumonia are 
attributable to bacterial infections5-6. Highly infectious 
pathogenic typical bacteria include Streptococcus 
pneumoniae, Haemophilus influenzae and Moraxella 
catarrhalis. In addition, atypical bacteria specifically 
Mycoplasma pneumoniae is responsible for 10.0 to 
30.0% of community-acquired pneumonia7-9.
The human respiratory tract hosts co-circulating 
pathogens that causes ARIs with combination of 
virus/virus, bacteria/bacteria and virus/bacteria, 
leading to patient’s poor outcome10. The accurate and 
rapid detection of causative organisms is helpful in 
selecting appropriate antiviral or anti-bacterial 
treatment in time, that improve patient prognosis, 
prevent overuse of antibiotics and control the outbreak 
of contagious pathogens. Due to the diversity and 
complexity of infectious pathogens and overlapping 
sign-symptoms, specific diagnosis of ARI relies almost 
entirely on laboratory investigation. 
Conventional diagnostic methods such as bacterial 
culture, targeted polymerase-chain reaction (PCR) 
assays, rapid viral antigen tests, viral culture and direct 
fluorescent antibody test have some limitations in 
comprehensiveness, accuracy, and/or timeliness of 
results to guide clinical decisions while fail to 
establish an etiological diagnosis for more than50.0% 
of patients11. Among new molecular technologies, 
Multiplex RT-PCR assays are fast, accurate, able to 
detect non-cultivable organisms, can identify multiple 
respiratory viruses and bacteria in a single run within 
few hours12. Thus, it helps clinicians to distinguish ARI 
due to viral and/or bacterial origin and assist in 
delivering proper treatment to patients. A multiplex 
RT-PCR could simultaneously detect a panel of 22 
different respiratory pathogens that included influenza 
virus A (FluA),  influenza virus B (FluB), 
parainfluenza virus (PIV-1,2,3,4), human respiratory 
syncytial viruses (RSV),  human adenoviruses (AdVs), 
human metapneumoviruses (HMPV), human 
coronaviruses (HCoVs-NL63, HKU 1, 229E, OC43), 
human enteroviruses (EVs), human rhinoviruses (RVs) 
and bocaviruses (BoV) as well as the fastidious 
respiratory bacteria including Streptococcus 
pneumoniae, Haemophilus influenzae, Moraxella 
catarrhalis, Chlamydia pneumoniae, Mycoplasma 
pneumoniae and Legionella pneumophila with their 
co-infections in a single respiratory sample13-14. 
This study was aimed to evaluate efficacy of multiplex 
RT-PCR Respiratory Panel, as an important tool to 

detect multiple respiratory pathogens in a single test 
among all age groups of patients that improve 
etiological diagnosis of ARI in both hospitalized and 
outpatient setting in a tertiary care hospital, 
Bangladesh, rather doing a bundle of routine 
microbiological diagnostic assays.

Methodology
Study Settings and Population: This retrospective 
study was conducted in Molecular Laboratory unit of 
diagnostic Laboratory services of Square Hospital Ltd 
(SHL), Dhaka, Bangladesh from March to October, 
2023 for a period of 8 months. Nasopharyngeal or 
Oropharyngeal swabs were collected in a sterile screw 
capped Centrifuge tube containing sterile Normal 
saline(NS) or Universal transport media (UTM), from 
patients with symptomatic respiratory tract infection 
who were visited or admitted in Critical care, 
Out-patient department (OPD) and In-Patient 
department (IPD) of Square Hospital Ltd., Dhaka, 
Bangladesh. 
Study Procedure: In this study, the multiplex PCR 
assay was done by using detection kit (VIASURE 
Respiratory Panel III Real Time PCR Detection Kit, 

BIOTEC; Genome Dx; Spain) which is designed for 
the specific and qualitative detection of DNA/RNA 
from 16 Viruses and 6 Bacteria in respiratory samples 
from patients with signs and symptoms of respiratory 
infection. Pathogens were detected with the VIASURE 
Respiratory Panel (Table1).
Respiratory Panel Detection Kit: VIASURE 
Respiratory Panel III Real Time PCR Detection Kit 
contained all the components necessary for real time 
PCR assay (A mix of enzymes, primers, probes, buffer, 
dNTPs, stabilizers and internal control in stabilized 
format) in each well. Rehydration buffer is used to 
reconstitute the stabilized product, positive control and 
negative control. RNAse/DNAse free water and 
Optical caps for sealing wells during thermal cycling 
were included in the kit also. 

PCR Technique: Nucleic acid (RNA/DNA) extraction 
was performed from samples either by using nucleic 
acid extraction kit manually or by auto-extraction 
machine according to manufacturer instructions13. 
Nucleic acids (RNA/DNA) were isolated by 
amplification of a conserved region of the specific 
genes using specific primers and fluorescent–labelled 
probes, which then used for Respiratory pathogens 
identification. To reconstitute the number of wells 

needed, 15μL of Rehydration Buffer is added into each 
well. Then, 5μL of RNA/DNA sample, reconstituted 
Respiratory Panel III Positive Control or Negative 
Control were added in different wells and closed them 
with the provided caps. Finally, the plate or the strips 
were loaded in the thermal cycler for amplification. 
The thermocycler (either Lightcycler, Cobas Z480, 
RotorGeneQ 6000) was programmed for 40 cycles for 
DNA amplification (Table 2).
Finally, the amplified RNA/DNA was determined 
using fluorescent signals of the samples and observed 
in Real Time on the FAM, ROX, Cy5 and/or HEX 
(JOE or VIC) channels. The analysis of the samples 
and controls are done by the software used by the real 
time PCR equipment itself following manufacturer´s 
manual13.
Findings Interpretation: Amplification curves of 
detected pathogens were viewed with corresponding 
cycle threshold (CT) and endpoint fluorescence (EP) 
values. The overall procedures took approximately 
four hours (4h) for a single test13. Results were read, 
analyzed and interpreted according to manufacturer 
instruction (Table 3).
Statistical Analysis: Statistical analysis was 
performed by Windows based software named as 
Statistical Package for Social Science (SPSS), versions 
22.0 (IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY: IBM Corp.). Categorical data were 
summarized in terms of frequency counts and 
percentages. Continuous data were expressed as mean, 
standard deviation, minimum and maximum.
Ethical Clearance: Ethical approval for the study was 
obtained from the Square Hospitals Ltd., Dhaka, 
Bangladesh Medical Review Board. All methods were 
performed in accordance with the relevant guidelines 
and regulations. All procedures of the present study 
were carried out in accordance with the principles for 
human investigations (i.e., Helsinki Declaration 2013) 
and also with the ethical guidelines of the Institutional 
research ethics. Participants in the study were 
informed about the procedure and purpose of the study 
and confidentiality of information provided. All 
participants consented willingly to be a part of the 
study during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system.

Results
A total of 569 Nasopharyngeal or Oropharyngeal swab 
samples were collected from patients with Respiratory 
Tract Infection (RTI) during our eight (8) months of 

study period from March to October, 2023. Of the 569 
samples tested; 442(77.7%) had single/multiple of 
listed virus/bacteria in the panel and 127(22.3%) 
samples were negative for any pathogens (Figure I).

Over the entire study period, total 784 respiratory 
pathogens including viruses and bacteria either single 
or in-combination were detected from 442 positive 
samples.  The results vary between children and adults, 
as shown in (Table 4). Both in adult and children 
group, bacteria were isolated more than viruses. 
Streptococcus pneumoniae (SPN) was the highest in 
number among >18 years (53%) of age compared to 
<18 years (38%). Haemophilus influenzae (HI) and 
Moraxella catarrhalis (MC) were also higher than any 
virus in children but less than Influenza A virus in 
adult. Mycoplasma pneumoniae (MP), represented as 
an atypical bacteria causing pneumonia was found 
more among adult than in children. Study showed 
Respiratory syncytial virus (RSV) more prevalent in 
children (20.0%) than in adult (15.0%), whereas 
Influenza A and Influenza B virus higher among adult 
(36.5%; 14.0%) compared to children (18.0%; 11.0%). 
Isolation of all other viruses found higher in children 
than in adult except Human Metapneumovirus 
(HMPV) and different types of Coronavirus. Of the 
positive isolates, detection of more than one 
respiratory pathogen was found in 531/784 (68.0%) 
with a higher co-detection rate in the children’s group 
(75.2%) than in the adult group (64.5%).
Respiratory panel test detected total 330 viruses in this 

study. The most frequently reported respiratory viruses 
were influenza A (100) followed by Respiratory 
Syncytial Virus A/B (56), Rhinovirus (49), Influenza B 
(43), Adenovirus (18), Enterovirus (16) and Human 
Metapneumovirus (13) respectively. The detection 
rates of other respiratory viruses were less than 10 in 
number (Figure III).

VIASURE multiplex real-time RT-PCR assay was 
applied to detect 3 typical and 3 atypical bacteria 
simultaneously. A total of 454 (57.9%) bacteria were 
identified, of which 3 typical and only one atypical 
bacteria, specifically Mycoplasma pneumoniae (4.0%). 
Among typical ones, most prevalent was Streptococcus 

pneumoniae (48%) followed by Haemophilus 
influenzae (26.0%) and Moraxella catarrhalis (22.0%). 
Other two atypical bacteria like Chlamydia 
pneumoniae (CP) and Legionella pneumophila (LP) 
were not found in our study (Figure IV).

The assay detected 49.5% (219) positive cases with 
single bacterial or viral infection, while more than one 
respiratory pathogen in 50.5% (223) of the detected 
samples. Bacterial-viral co-detections were found most 
prevalent (167) followed by bacterial-bacterial (46) 
and Viral co-infections (10) (Figure V).

A total of 46bacterial co-infections were detected by 
multiplex RT-PCR used in this study, mostly involving 
Streptococcus pneumoniae and Haemophilus 
influenzae. The most commonly prevailed co-infection 
was Streptococcus pneumoniae combined with 
Moraxella catarrhalis (39%), followed by 
Streptococcus pneumoniae plus Haemophilus 
influenzae (31.0%). A triple combination of 
Streptococcus pneumoniae, Moraxella catarrhalis and 
Haemophilus influenzae took third position (11%). 
Mycoplasma pneumoniae also being part of double 
and triple co-infections (Figure VI).

We found total 10 viral co-detections, of which 7 were 
dual, 2 triple and 1 quadruple infections, one each in 
all combinations (Table 5).
The complexity of 167 virus-bacteria co-infections can 
be subdivided into 93 cases of dual infections, 53 triple 
infections, 15 quadruple infections and 6 quintuple 
Infections. Among double combinations, 25 cases has 
Influenza A combined with Streptococcus pneumoniae, 
10 cases of RSV with Streptococcus pneumoniae, 7 
cases of Influenza A with Haemophilus influenzae, 06 
cases of each Streptococcus pneumoniae combined 

with either Influenza B or Rhinovirus and 05 cases of 
each found Influenza A and Moraxella catarrhalis, 
Influenza B and Moraxella catarrhalis, RSV and 
Haemophilus influenzae (Table 6).
Of total 53 triple infections, most prevalent 
co-infection found Influenza A combined with 
Haemophilus influenzae and Streptococcus 
pneumoniae (9). Other 26 combinations have highest 
isolation of Streptococcus pneumoniae (Table 7).
We detected 15 cases of quadruple combinations, of 
which Streptococcus pneumoniae and Influenza A virus 
were found in most cases (Table 8).
Among 6 cases with five pathogens, Streptococcus 
pneumoniae, Moraxella catarrhalis, Haemophilus 
influenzae and Influenza A combined with RV in 2 
cases and RSV in one case. Other three also has 
Streptococcus pneumoniae with other different viruses 
and bacteria (Table 9).

Discussion
Respiratory infections due to various causes was found 
in Bangladesh. This study provides a glimpse of such 
infections from a substantial number of samples from 
patients with suspected pulmonary infection. A 
Multiplex RT-PCR method is used to detect 
Respiratory viruses and bacteria among adults and 
children. The outbreak of SARS, the threat of human 
avian H5N1 influenza virus cases, presence of H1N1 
influenza A and the recent 2020 Covid-19 pandemic 
has heighten the need for improved diagnostic tests for 
respiratory pathogens15.
Molecular assays for identification and simultaneous 
detection of common respiratory pathogens are now 
widely used, replacing many conventional diagnostic 
methods. The main impact of this multiplex PCR was 
its broader spectrum of detection16. In the current 
study, we can detect 22 selected respiratory pathogens 
causing acute respiratory infections in clinical practice 
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Table 3: Findings Interpretation
Reaction Mix

ABR

PAC

PBD

AMB

RHE

COR

CML

HSM

Pathogens

Influenza A
Internal Control
Influenza B
Respiratory Syncytial Virus
Parainfluenza virus 3
Internal Control
Parainfluenza virus 1
Parainfluenza virus 4
Internal Control
Parainfluenza virus 2
Adenovirus
Internal Control
Human Metapneumovirus
Bocavirus
Rhinovirus
Enterovirus
Internal Control
Corona virus 229E
Corona virus HKU 1
Corona virus NL63
Corona virus OC43
Legionella pneumophila
Internal Control
Chlamydia pneumoniae
Mycoplasma pneumoniae
Haemophilus influenzae
Internal Control
Streptococcus pneumoniae
Moraxella catarrhalis

Gender
Male 
Female
Total
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and provided the widest spectrum ever reported. 
Multiplex RT-PCR assays display a variety of benefits, 
including a significant reduction in the turnaround 
time with results being available within the same day 
of specimen collection and become more economical 
as multiple pathogens can be detected in a single 
assay17. A nucleic acid extraction kit was used to 
extract both DNA and RNA simultaneously and the 
study can be done with small amount of samples, 
along with minimizing time, labor, and materials 
involved in nucleic acid extraction. Our reporting time 
of 4 hour was consistent with outcomes reported in 
previous studies where reporting mean time was 3.1 
hour18. The present study results showed an increase in 
diagnosis within designated TAT that help in timely 
implementation of isolation precaution and judicious 
use of antimicrobials.
Acute respiratory infections are caused by a complex 
array of pathogens, most commonly viruses and 
bacteria, as well as atypical microorganisms like 
Mycoplasma and Chlamydia18,19. Furthermore, clinical 
diagnosis is complicated with co-infection of several 
pathogens leading to treatment difficulty of acute 
respiratory infection20. In this study, 569 
nasopharyngeal and oropharyngeal specimens were 
collected and analyzed with VIASURE Multiplex 
Respiratory panel over a period of eight months. The 
overall results revealed a positive rate of 77.7%, in 
agreement with the range of positive rates (33.39 to 
65.2%) reported in other studies1,21.  Both virus and 
bacteria are identified among these positive samples 
either single or in combination, leads to total detection 
of 784 organisms responsible for ARIs. Of them, 70% 
were from adult and 30% belong to children which is 
contrast to other studies where positivity rate was more 
in pediatric patients than in adult22,23. Respiratory tract 
infection accounts for a majority of the admissions in 
acute care hospitals and like other studies we also 
found more than half of both respiratory bacteria and 
virus in critical care than in wards and outpatient 
department17.
Virus has found at a rate of 42.1% which is higher than 
the reported previous studies23,24. This can be at least 
partially explained by the use of a sensitive multiplex 
RT-PCR, which can detect 16 different viruses and 
improve the diagnostic yield. Of them, approximately 
one-third were Influenza A (33%) virus in all age 
groups. Other important viruses detected are RSV in 
19.0% of positive samples followed by Rhinovirus in 
16.0% of positive samples and Influenza B which 

represented 14.0% of positive cases. These results are 
in line with surveillance studies done by the Centers 
for Disease Control and Prevention (CDC), which 
indicated that 99.8% of influenza viruses isolated were 
type A and 0.2% were type B25. The findings of the 
present study did not agree with studies by 
Brittain-Long et al26 where they found Rhinovirus as 
highest isolation followed by Influenza A virus, and 
RSV.  Avcu et al27 also reported that viral agents were 
detected in 83.3% of patients by molecular methods 
and RSV has been reported as the most common agent. 
Rapid molecular diagnostic tests for relevant bacterial 
pathogens in addition to viral targets can limit 
antibacterial therapy28. More bacteria were isolated 
than virus in both age group with highest prevalence of 
Streptococcus pneumonia in this study. Haemophilus 
influenzae and Moraxella catarrhalis were more than 
any virus in children but less than Influenza A virus in 
adult. These results are in line with former report29. We 
detect Mycoplasma pneumoniae at a rate of 2.8%. 
Previous studies have reported varying detection rates 
of Mycoplasma pneumoniae: 1.7% (adults and 
children in U.S.) to 7.1% (adults in Shanghai, China) 
which might be attributed to the difference in 
collection sites30,31. 
Various studies found that at least one viral or bacterial 
respiratory pathogen detection rate ranged from 41.8% 
to 78.6%, which is in accordance with our findings of 
49.5% positivity. Co-infection has been found in 
31.0% to 51.8% of positive respiratory samples in 
previous studies19,20,22,32,33.  In our study, a higher rate of 
68.0% co-infection was detected. Of them, children 
belong the highest which is almost similar with 
previously published data34-35. We detect three types of 
co-infection including Viral/viral (10), 
Bacterial/bacterial (46) and viral/bacterial (167) with 
2, 3, 4, and up to 5 different combinations. The 
specific and sensitive detection of this study revealed 
that, of 167 mixed infections; 93 were dual, 53 triple, 
15 quadruple and 6 quintuple positive samples. Only 
dual and triple combinations are found among 
viral/viral and bacterial/bacterial co-detected samples. 
The largest proportion of co-detected pathogens was 
Influenza A combined with Streptococcus pneumonia 
(25) followed by Streptococcus pneumonia and 
Moraxella catarrhalis (18), Streptococcus pneumonia 
and Haemophilus influenzae (14) and RSV combined 
with Streptococcus pneumonia (10), similar evidence 
were provided by other independent studies7,8,10,12,17,36. 
This study found three patients with quadruple 

infections detected as Influenza A combined with 
Streptococcus pneumoniae, Haemophilus influenzae, 
and Moraxella catarrhalis; two cases of quintuple 
infections included Influenza A/RV and Streptococcus 
pneumonia / Haemophilus influenzae / Moraxella 
catarrhalis. Such findings constitute strong evidence to 
support that hospitalized patients with acute 
respiratory infections are likely to be infected by more 
than one pathogen. However, the predominance of  
bacteria include Streptococcus pneumonia, 
Haemophilus influenzae and viruses include Influenza, 
RV and RSV in our single and multiple detections, all 
these findings are in line with previously published 
data9-11,17,24. There is no doubt that this multiplex 
real-time PCR assay will significantly expand the 
diagnostic potential for a careful evaluation of 
concomitant bacterial infection to patients with 
positive results of viral examination, thus help 
clinicians to adopt rapid and accurate antibiotic 
treatment regimens.
There were several limitations to our study. First, the 
retrospective design may have led to an inevitable 
selection bias. Second, our specimens are collected 
from a single location over eight months which may 
limit the general applicability of the findings and 
seasonal variation cannot be detected. Third, analyzing 
the clinical feature was beyond the scope of this study 
and thus the demographic data, clinical presentation 
with severity and length of hospitalization were not 
provided in our results. Fourth, commercial assays 
used in this study are invariably expensive and 
difficult to implement in resource poor settings, also 
cannot be quickly modified when new pathogens or 
new strains of known pathogens emerge which are 
missed by the existing assays.
 
Conclusion
In conclusion, the prevalence of respiratory pathogens 
in this institution is high with Respiratory Panel, of 
which majority is bacteria. Influenza virus, RSV and 
RV/EV are the most important viral agents of ARIs, 
while among bacteria, Streptococcus pneumoniae is 
the highest isolated followed by Haemophilus 
influenzae and Moraxella catarrhalis. The only 
atypical bacteria identified is Mycoplasma 
pneumoniae. Present study has detected in half of 
co-infection of which higher rate is in children. 
Bacterial-viral co-detections has found most prevalent 
followed by bacterial-bacterial and viral co-infections. 
Due to similarities of viral and bacterial ARIs with 

inconclusive laboratory findings, a diagnostic dilemma 
appears. Implementation of Panel test detect different 
respiratory pathogens simultaneously, provides rapid 
and high-yield results which can guide diagnosis and 
enhance a more rational use of antibiotics and/or 
antivirals. Future prospective studies for further 
assessing the impact of Respiratory Panel on outcomes 
including correct, timely diagnosis, use or misuse of 
antibiotics, minimizing other diagnostic tests, length of 
hospital stay and clinical course is recommended.
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Temp
45oC 
95oC 
95oC 
60oC

Time 
15 min
2 min

10 second
50 second

Steps 
Reverse transcription
Initial denaturation
Denaturation
Annealing/ Extension

Table 2: Programming for thermal cycling
Cycles
1
1
45
 



Introduction
Acute Respiratory Infection (ARI), ranging from 
common cold to severe pneumonia is the major cause 
of outpatient visits and hospitalizations in all age 

categories worldwide, many of which are associated 
with significant morbidity and mortality particularly in 
children, elderly and immunocompromised 
individual1. A large heterogeneous group of typical or 
atypical bacteria and viruses are responsible for these 
ARIs that produce similar clinical presentations and 
put physicians into a diagnostic dilemma. Viral 
infections, however accounts for approximate 80.0% 
of ARIs with influenza virus, respiratory syncytial 
virus, rhinovirus and respiratory adenovirus being the 

most common pathogens2-4. Pneumonia is the most 
common nosocomial infection in the intensive care 
unit (ICU) and half of deaths from pneumonia are 
attributable to bacterial infections5-6. Highly infectious 
pathogenic typical bacteria include Streptococcus 
pneumoniae, Haemophilus influenzae and Moraxella 
catarrhalis. In addition, atypical bacteria specifically 
Mycoplasma pneumoniae is responsible for 10.0 to 
30.0% of community-acquired pneumonia7-9.
The human respiratory tract hosts co-circulating 
pathogens that causes ARIs with combination of 
virus/virus, bacteria/bacteria and virus/bacteria, 
leading to patient’s poor outcome10. The accurate and 
rapid detection of causative organisms is helpful in 
selecting appropriate antiviral or anti-bacterial 
treatment in time, that improve patient prognosis, 
prevent overuse of antibiotics and control the outbreak 
of contagious pathogens. Due to the diversity and 
complexity of infectious pathogens and overlapping 
sign-symptoms, specific diagnosis of ARI relies almost 
entirely on laboratory investigation. 
Conventional diagnostic methods such as bacterial 
culture, targeted polymerase-chain reaction (PCR) 
assays, rapid viral antigen tests, viral culture and direct 
fluorescent antibody test have some limitations in 
comprehensiveness, accuracy, and/or timeliness of 
results to guide clinical decisions while fail to 
establish an etiological diagnosis for more than50.0% 
of patients11. Among new molecular technologies, 
Multiplex RT-PCR assays are fast, accurate, able to 
detect non-cultivable organisms, can identify multiple 
respiratory viruses and bacteria in a single run within 
few hours12. Thus, it helps clinicians to distinguish ARI 
due to viral and/or bacterial origin and assist in 
delivering proper treatment to patients. A multiplex 
RT-PCR could simultaneously detect a panel of 22 
different respiratory pathogens that included influenza 
virus A (FluA),  influenza virus B (FluB), 
parainfluenza virus (PIV-1,2,3,4), human respiratory 
syncytial viruses (RSV),  human adenoviruses (AdVs), 
human metapneumoviruses (HMPV), human 
coronaviruses (HCoVs-NL63, HKU 1, 229E, OC43), 
human enteroviruses (EVs), human rhinoviruses (RVs) 
and bocaviruses (BoV) as well as the fastidious 
respiratory bacteria including Streptococcus 
pneumoniae, Haemophilus influenzae, Moraxella 
catarrhalis, Chlamydia pneumoniae, Mycoplasma 
pneumoniae and Legionella pneumophila with their 
co-infections in a single respiratory sample13-14. 
This study was aimed to evaluate efficacy of multiplex 
RT-PCR Respiratory Panel, as an important tool to 

detect multiple respiratory pathogens in a single test 
among all age groups of patients that improve 
etiological diagnosis of ARI in both hospitalized and 
outpatient setting in a tertiary care hospital, 
Bangladesh, rather doing a bundle of routine 
microbiological diagnostic assays.

Methodology
Study Settings and Population: This retrospective 
study was conducted in Molecular Laboratory unit of 
diagnostic Laboratory services of Square Hospital Ltd 
(SHL), Dhaka, Bangladesh from March to October, 
2023 for a period of 8 months. Nasopharyngeal or 
Oropharyngeal swabs were collected in a sterile screw 
capped Centrifuge tube containing sterile Normal 
saline(NS) or Universal transport media (UTM), from 
patients with symptomatic respiratory tract infection 
who were visited or admitted in Critical care, 
Out-patient department (OPD) and In-Patient 
department (IPD) of Square Hospital Ltd., Dhaka, 
Bangladesh. 
Study Procedure: In this study, the multiplex PCR 
assay was done by using detection kit (VIASURE 
Respiratory Panel III Real Time PCR Detection Kit, 

BIOTEC; Genome Dx; Spain) which is designed for 
the specific and qualitative detection of DNA/RNA 
from 16 Viruses and 6 Bacteria in respiratory samples 
from patients with signs and symptoms of respiratory 
infection. Pathogens were detected with the VIASURE 
Respiratory Panel (Table1).
Respiratory Panel Detection Kit: VIASURE 
Respiratory Panel III Real Time PCR Detection Kit 
contained all the components necessary for real time 
PCR assay (A mix of enzymes, primers, probes, buffer, 
dNTPs, stabilizers and internal control in stabilized 
format) in each well. Rehydration buffer is used to 
reconstitute the stabilized product, positive control and 
negative control. RNAse/DNAse free water and 
Optical caps for sealing wells during thermal cycling 
were included in the kit also. 

PCR Technique: Nucleic acid (RNA/DNA) extraction 
was performed from samples either by using nucleic 
acid extraction kit manually or by auto-extraction 
machine according to manufacturer instructions13. 
Nucleic acids (RNA/DNA) were isolated by 
amplification of a conserved region of the specific 
genes using specific primers and fluorescent–labelled 
probes, which then used for Respiratory pathogens 
identification. To reconstitute the number of wells 

needed, 15μL of Rehydration Buffer is added into each 
well. Then, 5μL of RNA/DNA sample, reconstituted 
Respiratory Panel III Positive Control or Negative 
Control were added in different wells and closed them 
with the provided caps. Finally, the plate or the strips 
were loaded in the thermal cycler for amplification. 
The thermocycler (either Lightcycler, Cobas Z480, 
RotorGeneQ 6000) was programmed for 40 cycles for 
DNA amplification (Table 2).
Finally, the amplified RNA/DNA was determined 
using fluorescent signals of the samples and observed 
in Real Time on the FAM, ROX, Cy5 and/or HEX 
(JOE or VIC) channels. The analysis of the samples 
and controls are done by the software used by the real 
time PCR equipment itself following manufacturer´s 
manual13.
Findings Interpretation: Amplification curves of 
detected pathogens were viewed with corresponding 
cycle threshold (CT) and endpoint fluorescence (EP) 
values. The overall procedures took approximately 
four hours (4h) for a single test13. Results were read, 
analyzed and interpreted according to manufacturer 
instruction (Table 3).
Statistical Analysis: Statistical analysis was 
performed by Windows based software named as 
Statistical Package for Social Science (SPSS), versions 
22.0 (IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY: IBM Corp.). Categorical data were 
summarized in terms of frequency counts and 
percentages. Continuous data were expressed as mean, 
standard deviation, minimum and maximum.
Ethical Clearance: Ethical approval for the study was 
obtained from the Square Hospitals Ltd., Dhaka, 
Bangladesh Medical Review Board. All methods were 
performed in accordance with the relevant guidelines 
and regulations. All procedures of the present study 
were carried out in accordance with the principles for 
human investigations (i.e., Helsinki Declaration 2013) 
and also with the ethical guidelines of the Institutional 
research ethics. Participants in the study were 
informed about the procedure and purpose of the study 
and confidentiality of information provided. All 
participants consented willingly to be a part of the 
study during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system.

Results
A total of 569 Nasopharyngeal or Oropharyngeal swab 
samples were collected from patients with Respiratory 
Tract Infection (RTI) during our eight (8) months of 

study period from March to October, 2023. Of the 569 
samples tested; 442(77.7%) had single/multiple of 
listed virus/bacteria in the panel and 127(22.3%) 
samples were negative for any pathogens (Figure I).

Over the entire study period, total 784 respiratory 
pathogens including viruses and bacteria either single 
or in-combination were detected from 442 positive 
samples.  The results vary between children and adults, 
as shown in (Table 4). Both in adult and children 
group, bacteria were isolated more than viruses. 
Streptococcus pneumoniae (SPN) was the highest in 
number among >18 years (53%) of age compared to 
<18 years (38%). Haemophilus influenzae (HI) and 
Moraxella catarrhalis (MC) were also higher than any 
virus in children but less than Influenza A virus in 
adult. Mycoplasma pneumoniae (MP), represented as 
an atypical bacteria causing pneumonia was found 
more among adult than in children. Study showed 
Respiratory syncytial virus (RSV) more prevalent in 
children (20.0%) than in adult (15.0%), whereas 
Influenza A and Influenza B virus higher among adult 
(36.5%; 14.0%) compared to children (18.0%; 11.0%). 
Isolation of all other viruses found higher in children 
than in adult except Human Metapneumovirus 
(HMPV) and different types of Coronavirus. Of the 
positive isolates, detection of more than one 
respiratory pathogen was found in 531/784 (68.0%) 
with a higher co-detection rate in the children’s group 
(75.2%) than in the adult group (64.5%).
Respiratory panel test detected total 330 viruses in this 

study. The most frequently reported respiratory viruses 
were influenza A (100) followed by Respiratory 
Syncytial Virus A/B (56), Rhinovirus (49), Influenza B 
(43), Adenovirus (18), Enterovirus (16) and Human 
Metapneumovirus (13) respectively. The detection 
rates of other respiratory viruses were less than 10 in 
number (Figure III).

VIASURE multiplex real-time RT-PCR assay was 
applied to detect 3 typical and 3 atypical bacteria 
simultaneously. A total of 454 (57.9%) bacteria were 
identified, of which 3 typical and only one atypical 
bacteria, specifically Mycoplasma pneumoniae (4.0%). 
Among typical ones, most prevalent was Streptococcus 

pneumoniae (48%) followed by Haemophilus 
influenzae (26.0%) and Moraxella catarrhalis (22.0%). 
Other two atypical bacteria like Chlamydia 
pneumoniae (CP) and Legionella pneumophila (LP) 
were not found in our study (Figure IV).

The assay detected 49.5% (219) positive cases with 
single bacterial or viral infection, while more than one 
respiratory pathogen in 50.5% (223) of the detected 
samples. Bacterial-viral co-detections were found most 
prevalent (167) followed by bacterial-bacterial (46) 
and Viral co-infections (10) (Figure V).

A total of 46bacterial co-infections were detected by 
multiplex RT-PCR used in this study, mostly involving 
Streptococcus pneumoniae and Haemophilus 
influenzae. The most commonly prevailed co-infection 
was Streptococcus pneumoniae combined with 
Moraxella catarrhalis (39%), followed by 
Streptococcus pneumoniae plus Haemophilus 
influenzae (31.0%). A triple combination of 
Streptococcus pneumoniae, Moraxella catarrhalis and 
Haemophilus influenzae took third position (11%). 
Mycoplasma pneumoniae also being part of double 
and triple co-infections (Figure VI).

We found total 10 viral co-detections, of which 7 were 
dual, 2 triple and 1 quadruple infections, one each in 
all combinations (Table 5).
The complexity of 167 virus-bacteria co-infections can 
be subdivided into 93 cases of dual infections, 53 triple 
infections, 15 quadruple infections and 6 quintuple 
Infections. Among double combinations, 25 cases has 
Influenza A combined with Streptococcus pneumoniae, 
10 cases of RSV with Streptococcus pneumoniae, 7 
cases of Influenza A with Haemophilus influenzae, 06 
cases of each Streptococcus pneumoniae combined 

with either Influenza B or Rhinovirus and 05 cases of 
each found Influenza A and Moraxella catarrhalis, 
Influenza B and Moraxella catarrhalis, RSV and 
Haemophilus influenzae (Table 6).
Of total 53 triple infections, most prevalent 
co-infection found Influenza A combined with 
Haemophilus influenzae and Streptococcus 
pneumoniae (9). Other 26 combinations have highest 
isolation of Streptococcus pneumoniae (Table 7).
We detected 15 cases of quadruple combinations, of 
which Streptococcus pneumoniae and Influenza A virus 
were found in most cases (Table 8).
Among 6 cases with five pathogens, Streptococcus 
pneumoniae, Moraxella catarrhalis, Haemophilus 
influenzae and Influenza A combined with RV in 2 
cases and RSV in one case. Other three also has 
Streptococcus pneumoniae with other different viruses 
and bacteria (Table 9).

Discussion
Respiratory infections due to various causes was found 
in Bangladesh. This study provides a glimpse of such 
infections from a substantial number of samples from 
patients with suspected pulmonary infection. A 
Multiplex RT-PCR method is used to detect 
Respiratory viruses and bacteria among adults and 
children. The outbreak of SARS, the threat of human 
avian H5N1 influenza virus cases, presence of H1N1 
influenza A and the recent 2020 Covid-19 pandemic 
has heighten the need for improved diagnostic tests for 
respiratory pathogens15.
Molecular assays for identification and simultaneous 
detection of common respiratory pathogens are now 
widely used, replacing many conventional diagnostic 
methods. The main impact of this multiplex PCR was 
its broader spectrum of detection16. In the current 
study, we can detect 22 selected respiratory pathogens 
causing acute respiratory infections in clinical practice 
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and provided the widest spectrum ever reported. 
Multiplex RT-PCR assays display a variety of benefits, 
including a significant reduction in the turnaround 
time with results being available within the same day 
of specimen collection and become more economical 
as multiple pathogens can be detected in a single 
assay17. A nucleic acid extraction kit was used to 
extract both DNA and RNA simultaneously and the 
study can be done with small amount of samples, 
along with minimizing time, labor, and materials 
involved in nucleic acid extraction. Our reporting time 
of 4 hour was consistent with outcomes reported in 
previous studies where reporting mean time was 3.1 
hour18. The present study results showed an increase in 
diagnosis within designated TAT that help in timely 
implementation of isolation precaution and judicious 
use of antimicrobials.
Acute respiratory infections are caused by a complex 
array of pathogens, most commonly viruses and 
bacteria, as well as atypical microorganisms like 
Mycoplasma and Chlamydia18,19. Furthermore, clinical 
diagnosis is complicated with co-infection of several 
pathogens leading to treatment difficulty of acute 
respiratory infection20. In this study, 569 
nasopharyngeal and oropharyngeal specimens were 
collected and analyzed with VIASURE Multiplex 
Respiratory panel over a period of eight months. The 
overall results revealed a positive rate of 77.7%, in 
agreement with the range of positive rates (33.39 to 
65.2%) reported in other studies1,21.  Both virus and 
bacteria are identified among these positive samples 
either single or in combination, leads to total detection 
of 784 organisms responsible for ARIs. Of them, 70% 
were from adult and 30% belong to children which is 
contrast to other studies where positivity rate was more 
in pediatric patients than in adult22,23. Respiratory tract 
infection accounts for a majority of the admissions in 
acute care hospitals and like other studies we also 
found more than half of both respiratory bacteria and 
virus in critical care than in wards and outpatient 
department17.
Virus has found at a rate of 42.1% which is higher than 
the reported previous studies23,24. This can be at least 
partially explained by the use of a sensitive multiplex 
RT-PCR, which can detect 16 different viruses and 
improve the diagnostic yield. Of them, approximately 
one-third were Influenza A (33%) virus in all age 
groups. Other important viruses detected are RSV in 
19.0% of positive samples followed by Rhinovirus in 
16.0% of positive samples and Influenza B which 

represented 14.0% of positive cases. These results are 
in line with surveillance studies done by the Centers 
for Disease Control and Prevention (CDC), which 
indicated that 99.8% of influenza viruses isolated were 
type A and 0.2% were type B25. The findings of the 
present study did not agree with studies by 
Brittain-Long et al26 where they found Rhinovirus as 
highest isolation followed by Influenza A virus, and 
RSV.  Avcu et al27 also reported that viral agents were 
detected in 83.3% of patients by molecular methods 
and RSV has been reported as the most common agent. 
Rapid molecular diagnostic tests for relevant bacterial 
pathogens in addition to viral targets can limit 
antibacterial therapy28. More bacteria were isolated 
than virus in both age group with highest prevalence of 
Streptococcus pneumonia in this study. Haemophilus 
influenzae and Moraxella catarrhalis were more than 
any virus in children but less than Influenza A virus in 
adult. These results are in line with former report29. We 
detect Mycoplasma pneumoniae at a rate of 2.8%. 
Previous studies have reported varying detection rates 
of Mycoplasma pneumoniae: 1.7% (adults and 
children in U.S.) to 7.1% (adults in Shanghai, China) 
which might be attributed to the difference in 
collection sites30,31. 
Various studies found that at least one viral or bacterial 
respiratory pathogen detection rate ranged from 41.8% 
to 78.6%, which is in accordance with our findings of 
49.5% positivity. Co-infection has been found in 
31.0% to 51.8% of positive respiratory samples in 
previous studies19,20,22,32,33.  In our study, a higher rate of 
68.0% co-infection was detected. Of them, children 
belong the highest which is almost similar with 
previously published data34-35. We detect three types of 
co-infection including Viral/viral (10), 
Bacterial/bacterial (46) and viral/bacterial (167) with 
2, 3, 4, and up to 5 different combinations. The 
specific and sensitive detection of this study revealed 
that, of 167 mixed infections; 93 were dual, 53 triple, 
15 quadruple and 6 quintuple positive samples. Only 
dual and triple combinations are found among 
viral/viral and bacterial/bacterial co-detected samples. 
The largest proportion of co-detected pathogens was 
Influenza A combined with Streptococcus pneumonia 
(25) followed by Streptococcus pneumonia and 
Moraxella catarrhalis (18), Streptococcus pneumonia 
and Haemophilus influenzae (14) and RSV combined 
with Streptococcus pneumonia (10), similar evidence 
were provided by other independent studies7,8,10,12,17,36. 
This study found three patients with quadruple 

infections detected as Influenza A combined with 
Streptococcus pneumoniae, Haemophilus influenzae, 
and Moraxella catarrhalis; two cases of quintuple 
infections included Influenza A/RV and Streptococcus 
pneumonia / Haemophilus influenzae / Moraxella 
catarrhalis. Such findings constitute strong evidence to 
support that hospitalized patients with acute 
respiratory infections are likely to be infected by more 
than one pathogen. However, the predominance of  
bacteria include Streptococcus pneumonia, 
Haemophilus influenzae and viruses include Influenza, 
RV and RSV in our single and multiple detections, all 
these findings are in line with previously published 
data9-11,17,24. There is no doubt that this multiplex 
real-time PCR assay will significantly expand the 
diagnostic potential for a careful evaluation of 
concomitant bacterial infection to patients with 
positive results of viral examination, thus help 
clinicians to adopt rapid and accurate antibiotic 
treatment regimens.
There were several limitations to our study. First, the 
retrospective design may have led to an inevitable 
selection bias. Second, our specimens are collected 
from a single location over eight months which may 
limit the general applicability of the findings and 
seasonal variation cannot be detected. Third, analyzing 
the clinical feature was beyond the scope of this study 
and thus the demographic data, clinical presentation 
with severity and length of hospitalization were not 
provided in our results. Fourth, commercial assays 
used in this study are invariably expensive and 
difficult to implement in resource poor settings, also 
cannot be quickly modified when new pathogens or 
new strains of known pathogens emerge which are 
missed by the existing assays.
 
Conclusion
In conclusion, the prevalence of respiratory pathogens 
in this institution is high with Respiratory Panel, of 
which majority is bacteria. Influenza virus, RSV and 
RV/EV are the most important viral agents of ARIs, 
while among bacteria, Streptococcus pneumoniae is 
the highest isolated followed by Haemophilus 
influenzae and Moraxella catarrhalis. The only 
atypical bacteria identified is Mycoplasma 
pneumoniae. Present study has detected in half of 
co-infection of which higher rate is in children. 
Bacterial-viral co-detections has found most prevalent 
followed by bacterial-bacterial and viral co-infections. 
Due to similarities of viral and bacterial ARIs with 

inconclusive laboratory findings, a diagnostic dilemma 
appears. Implementation of Panel test detect different 
respiratory pathogens simultaneously, provides rapid 
and high-yield results which can guide diagnosis and 
enhance a more rational use of antibiotics and/or 
antivirals. Future prospective studies for further 
assessing the impact of Respiratory Panel on outcomes 
including correct, timely diagnosis, use or misuse of 
antibiotics, minimizing other diagnostic tests, length of 
hospital stay and clinical course is recommended.
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Figure I:  Distribution of Respiratory samples by Panel Tests 
(N=569): March-October, 2023 (Values represent the percentage 
of samples studied)
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Introduction
Acute Respiratory Infection (ARI), ranging from 
common cold to severe pneumonia is the major cause 
of outpatient visits and hospitalizations in all age 

categories worldwide, many of which are associated 
with significant morbidity and mortality particularly in 
children, elderly and immunocompromised 
individual1. A large heterogeneous group of typical or 
atypical bacteria and viruses are responsible for these 
ARIs that produce similar clinical presentations and 
put physicians into a diagnostic dilemma. Viral 
infections, however accounts for approximate 80.0% 
of ARIs with influenza virus, respiratory syncytial 
virus, rhinovirus and respiratory adenovirus being the 

most common pathogens2-4. Pneumonia is the most 
common nosocomial infection in the intensive care 
unit (ICU) and half of deaths from pneumonia are 
attributable to bacterial infections5-6. Highly infectious 
pathogenic typical bacteria include Streptococcus 
pneumoniae, Haemophilus influenzae and Moraxella 
catarrhalis. In addition, atypical bacteria specifically 
Mycoplasma pneumoniae is responsible for 10.0 to 
30.0% of community-acquired pneumonia7-9.
The human respiratory tract hosts co-circulating 
pathogens that causes ARIs with combination of 
virus/virus, bacteria/bacteria and virus/bacteria, 
leading to patient’s poor outcome10. The accurate and 
rapid detection of causative organisms is helpful in 
selecting appropriate antiviral or anti-bacterial 
treatment in time, that improve patient prognosis, 
prevent overuse of antibiotics and control the outbreak 
of contagious pathogens. Due to the diversity and 
complexity of infectious pathogens and overlapping 
sign-symptoms, specific diagnosis of ARI relies almost 
entirely on laboratory investigation. 
Conventional diagnostic methods such as bacterial 
culture, targeted polymerase-chain reaction (PCR) 
assays, rapid viral antigen tests, viral culture and direct 
fluorescent antibody test have some limitations in 
comprehensiveness, accuracy, and/or timeliness of 
results to guide clinical decisions while fail to 
establish an etiological diagnosis for more than50.0% 
of patients11. Among new molecular technologies, 
Multiplex RT-PCR assays are fast, accurate, able to 
detect non-cultivable organisms, can identify multiple 
respiratory viruses and bacteria in a single run within 
few hours12. Thus, it helps clinicians to distinguish ARI 
due to viral and/or bacterial origin and assist in 
delivering proper treatment to patients. A multiplex 
RT-PCR could simultaneously detect a panel of 22 
different respiratory pathogens that included influenza 
virus A (FluA),  influenza virus B (FluB), 
parainfluenza virus (PIV-1,2,3,4), human respiratory 
syncytial viruses (RSV),  human adenoviruses (AdVs), 
human metapneumoviruses (HMPV), human 
coronaviruses (HCoVs-NL63, HKU 1, 229E, OC43), 
human enteroviruses (EVs), human rhinoviruses (RVs) 
and bocaviruses (BoV) as well as the fastidious 
respiratory bacteria including Streptococcus 
pneumoniae, Haemophilus influenzae, Moraxella 
catarrhalis, Chlamydia pneumoniae, Mycoplasma 
pneumoniae and Legionella pneumophila with their 
co-infections in a single respiratory sample13-14. 
This study was aimed to evaluate efficacy of multiplex 
RT-PCR Respiratory Panel, as an important tool to 

detect multiple respiratory pathogens in a single test 
among all age groups of patients that improve 
etiological diagnosis of ARI in both hospitalized and 
outpatient setting in a tertiary care hospital, 
Bangladesh, rather doing a bundle of routine 
microbiological diagnostic assays.

Methodology
Study Settings and Population: This retrospective 
study was conducted in Molecular Laboratory unit of 
diagnostic Laboratory services of Square Hospital Ltd 
(SHL), Dhaka, Bangladesh from March to October, 
2023 for a period of 8 months. Nasopharyngeal or 
Oropharyngeal swabs were collected in a sterile screw 
capped Centrifuge tube containing sterile Normal 
saline(NS) or Universal transport media (UTM), from 
patients with symptomatic respiratory tract infection 
who were visited or admitted in Critical care, 
Out-patient department (OPD) and In-Patient 
department (IPD) of Square Hospital Ltd., Dhaka, 
Bangladesh. 
Study Procedure: In this study, the multiplex PCR 
assay was done by using detection kit (VIASURE 
Respiratory Panel III Real Time PCR Detection Kit, 

BIOTEC; Genome Dx; Spain) which is designed for 
the specific and qualitative detection of DNA/RNA 
from 16 Viruses and 6 Bacteria in respiratory samples 
from patients with signs and symptoms of respiratory 
infection. Pathogens were detected with the VIASURE 
Respiratory Panel (Table1).
Respiratory Panel Detection Kit: VIASURE 
Respiratory Panel III Real Time PCR Detection Kit 
contained all the components necessary for real time 
PCR assay (A mix of enzymes, primers, probes, buffer, 
dNTPs, stabilizers and internal control in stabilized 
format) in each well. Rehydration buffer is used to 
reconstitute the stabilized product, positive control and 
negative control. RNAse/DNAse free water and 
Optical caps for sealing wells during thermal cycling 
were included in the kit also. 

PCR Technique: Nucleic acid (RNA/DNA) extraction 
was performed from samples either by using nucleic 
acid extraction kit manually or by auto-extraction 
machine according to manufacturer instructions13. 
Nucleic acids (RNA/DNA) were isolated by 
amplification of a conserved region of the specific 
genes using specific primers and fluorescent–labelled 
probes, which then used for Respiratory pathogens 
identification. To reconstitute the number of wells 

needed, 15μL of Rehydration Buffer is added into each 
well. Then, 5μL of RNA/DNA sample, reconstituted 
Respiratory Panel III Positive Control or Negative 
Control were added in different wells and closed them 
with the provided caps. Finally, the plate or the strips 
were loaded in the thermal cycler for amplification. 
The thermocycler (either Lightcycler, Cobas Z480, 
RotorGeneQ 6000) was programmed for 40 cycles for 
DNA amplification (Table 2).
Finally, the amplified RNA/DNA was determined 
using fluorescent signals of the samples and observed 
in Real Time on the FAM, ROX, Cy5 and/or HEX 
(JOE or VIC) channels. The analysis of the samples 
and controls are done by the software used by the real 
time PCR equipment itself following manufacturer´s 
manual13.
Findings Interpretation: Amplification curves of 
detected pathogens were viewed with corresponding 
cycle threshold (CT) and endpoint fluorescence (EP) 
values. The overall procedures took approximately 
four hours (4h) for a single test13. Results were read, 
analyzed and interpreted according to manufacturer 
instruction (Table 3).
Statistical Analysis: Statistical analysis was 
performed by Windows based software named as 
Statistical Package for Social Science (SPSS), versions 
22.0 (IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY: IBM Corp.). Categorical data were 
summarized in terms of frequency counts and 
percentages. Continuous data were expressed as mean, 
standard deviation, minimum and maximum.
Ethical Clearance: Ethical approval for the study was 
obtained from the Square Hospitals Ltd., Dhaka, 
Bangladesh Medical Review Board. All methods were 
performed in accordance with the relevant guidelines 
and regulations. All procedures of the present study 
were carried out in accordance with the principles for 
human investigations (i.e., Helsinki Declaration 2013) 
and also with the ethical guidelines of the Institutional 
research ethics. Participants in the study were 
informed about the procedure and purpose of the study 
and confidentiality of information provided. All 
participants consented willingly to be a part of the 
study during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system.

Results
A total of 569 Nasopharyngeal or Oropharyngeal swab 
samples were collected from patients with Respiratory 
Tract Infection (RTI) during our eight (8) months of 

study period from March to October, 2023. Of the 569 
samples tested; 442(77.7%) had single/multiple of 
listed virus/bacteria in the panel and 127(22.3%) 
samples were negative for any pathogens (Figure I).

Over the entire study period, total 784 respiratory 
pathogens including viruses and bacteria either single 
or in-combination were detected from 442 positive 
samples.  The results vary between children and adults, 
as shown in (Table 4). Both in adult and children 
group, bacteria were isolated more than viruses. 
Streptococcus pneumoniae (SPN) was the highest in 
number among >18 years (53%) of age compared to 
<18 years (38%). Haemophilus influenzae (HI) and 
Moraxella catarrhalis (MC) were also higher than any 
virus in children but less than Influenza A virus in 
adult. Mycoplasma pneumoniae (MP), represented as 
an atypical bacteria causing pneumonia was found 
more among adult than in children. Study showed 
Respiratory syncytial virus (RSV) more prevalent in 
children (20.0%) than in adult (15.0%), whereas 
Influenza A and Influenza B virus higher among adult 
(36.5%; 14.0%) compared to children (18.0%; 11.0%). 
Isolation of all other viruses found higher in children 
than in adult except Human Metapneumovirus 
(HMPV) and different types of Coronavirus. Of the 
positive isolates, detection of more than one 
respiratory pathogen was found in 531/784 (68.0%) 
with a higher co-detection rate in the children’s group 
(75.2%) than in the adult group (64.5%).
Respiratory panel test detected total 330 viruses in this 

study. The most frequently reported respiratory viruses 
were influenza A (100) followed by Respiratory 
Syncytial Virus A/B (56), Rhinovirus (49), Influenza B 
(43), Adenovirus (18), Enterovirus (16) and Human 
Metapneumovirus (13) respectively. The detection 
rates of other respiratory viruses were less than 10 in 
number (Figure III).

VIASURE multiplex real-time RT-PCR assay was 
applied to detect 3 typical and 3 atypical bacteria 
simultaneously. A total of 454 (57.9%) bacteria were 
identified, of which 3 typical and only one atypical 
bacteria, specifically Mycoplasma pneumoniae (4.0%). 
Among typical ones, most prevalent was Streptococcus 

pneumoniae (48%) followed by Haemophilus 
influenzae (26.0%) and Moraxella catarrhalis (22.0%). 
Other two atypical bacteria like Chlamydia 
pneumoniae (CP) and Legionella pneumophila (LP) 
were not found in our study (Figure IV).

The assay detected 49.5% (219) positive cases with 
single bacterial or viral infection, while more than one 
respiratory pathogen in 50.5% (223) of the detected 
samples. Bacterial-viral co-detections were found most 
prevalent (167) followed by bacterial-bacterial (46) 
and Viral co-infections (10) (Figure V).

A total of 46bacterial co-infections were detected by 
multiplex RT-PCR used in this study, mostly involving 
Streptococcus pneumoniae and Haemophilus 
influenzae. The most commonly prevailed co-infection 
was Streptococcus pneumoniae combined with 
Moraxella catarrhalis (39%), followed by 
Streptococcus pneumoniae plus Haemophilus 
influenzae (31.0%). A triple combination of 
Streptococcus pneumoniae, Moraxella catarrhalis and 
Haemophilus influenzae took third position (11%). 
Mycoplasma pneumoniae also being part of double 
and triple co-infections (Figure VI).

We found total 10 viral co-detections, of which 7 were 
dual, 2 triple and 1 quadruple infections, one each in 
all combinations (Table 5).
The complexity of 167 virus-bacteria co-infections can 
be subdivided into 93 cases of dual infections, 53 triple 
infections, 15 quadruple infections and 6 quintuple 
Infections. Among double combinations, 25 cases has 
Influenza A combined with Streptococcus pneumoniae, 
10 cases of RSV with Streptococcus pneumoniae, 7 
cases of Influenza A with Haemophilus influenzae, 06 
cases of each Streptococcus pneumoniae combined 

with either Influenza B or Rhinovirus and 05 cases of 
each found Influenza A and Moraxella catarrhalis, 
Influenza B and Moraxella catarrhalis, RSV and 
Haemophilus influenzae (Table 6).
Of total 53 triple infections, most prevalent 
co-infection found Influenza A combined with 
Haemophilus influenzae and Streptococcus 
pneumoniae (9). Other 26 combinations have highest 
isolation of Streptococcus pneumoniae (Table 7).
We detected 15 cases of quadruple combinations, of 
which Streptococcus pneumoniae and Influenza A virus 
were found in most cases (Table 8).
Among 6 cases with five pathogens, Streptococcus 
pneumoniae, Moraxella catarrhalis, Haemophilus 
influenzae and Influenza A combined with RV in 2 
cases and RSV in one case. Other three also has 
Streptococcus pneumoniae with other different viruses 
and bacteria (Table 9).

Discussion
Respiratory infections due to various causes was found 
in Bangladesh. This study provides a glimpse of such 
infections from a substantial number of samples from 
patients with suspected pulmonary infection. A 
Multiplex RT-PCR method is used to detect 
Respiratory viruses and bacteria among adults and 
children. The outbreak of SARS, the threat of human 
avian H5N1 influenza virus cases, presence of H1N1 
influenza A and the recent 2020 Covid-19 pandemic 
has heighten the need for improved diagnostic tests for 
respiratory pathogens15.
Molecular assays for identification and simultaneous 
detection of common respiratory pathogens are now 
widely used, replacing many conventional diagnostic 
methods. The main impact of this multiplex PCR was 
its broader spectrum of detection16. In the current 
study, we can detect 22 selected respiratory pathogens 
causing acute respiratory infections in clinical practice 
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38

Positive 

22 (20)
19 (17)
20 (18)
14 (13)
12 (11)
6 (6)
4 (4)
3 (3)
3 (3)
2 (2)
2 (2)
1 (1)
0 (0)

108(46.2%)

48 (38)
42 (34)
28 (22)
8   (6)

126(53.8%)
234(29.8%)

Co-detected

17 (81)
16 (80)
17 (85)
12 (86)
06 (50)
00 (0)
00 (0)

02 (67)
00 (0)
00 (0)

01 (50)
00 (0)
00 (0)

40 (83)
38 (91)
27 (97)
00 (0)

176/234;
75.2%

Positive 

34 (15)
81(36.5)
29(13)
4 (2)

31 (14)
10 (4)
9 (4)
6 (3)
2 (1)
2 (1)
2 (1)

1 (0.5)
11 (5)

222(40.4%)

173 (53)
72 (22)
69 (21)
14 (4)

328(59.6%)
550(70.2%)

 Age Groups

Co-detected

18 (53)
54 (67)
19 (66)
00 (0)

16 (52)
05 (50)
02 (22)
00 (0)
00 (0)

01 (50)
00 (0)
00 (0)

10 (91)

117(68)
55(76)
51(74)
07(50)

355/550;
64.5%

<18 Years >18 Years

Table 4: Detection of Respiratory Organisms Tested Among Adults and Children
Pathogens (N=784)

Virus Panel
Respiratory syncytial virus (RSV) 
Influenza A
Rhinovirus (RV)
Adenovirus (AdV)
Influenza B
Enterovirus (EV)
Human Metapneumovirus  (HMPV)
Parainfluenza virus (PIV 3)
Bocavirus (BoV)
Parainfluenza virus (PIV 1)
Parainfluenza virus (PIV 4)
Parainfluenza virus (PIV 2)
Coronaviruses [NL63, HKU1,OC43, 229E]
Total Virus 
Bacterial Panel
Streptococcus pneumoniae (SPN)
Haemophilus influenzae (HI)
Moraxella catarrhalis (MC)
Mycoplasma pneumoniae (MP)
Total Bacteria Detected 
Total Detected Pathogens
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and provided the widest spectrum ever reported. 
Multiplex RT-PCR assays display a variety of benefits, 
including a significant reduction in the turnaround 
time with results being available within the same day 
of specimen collection and become more economical 
as multiple pathogens can be detected in a single 
assay17. A nucleic acid extraction kit was used to 
extract both DNA and RNA simultaneously and the 
study can be done with small amount of samples, 
along with minimizing time, labor, and materials 
involved in nucleic acid extraction. Our reporting time 
of 4 hour was consistent with outcomes reported in 
previous studies where reporting mean time was 3.1 
hour18. The present study results showed an increase in 
diagnosis within designated TAT that help in timely 
implementation of isolation precaution and judicious 
use of antimicrobials.
Acute respiratory infections are caused by a complex 
array of pathogens, most commonly viruses and 
bacteria, as well as atypical microorganisms like 
Mycoplasma and Chlamydia18,19. Furthermore, clinical 
diagnosis is complicated with co-infection of several 
pathogens leading to treatment difficulty of acute 
respiratory infection20. In this study, 569 
nasopharyngeal and oropharyngeal specimens were 
collected and analyzed with VIASURE Multiplex 
Respiratory panel over a period of eight months. The 
overall results revealed a positive rate of 77.7%, in 
agreement with the range of positive rates (33.39 to 
65.2%) reported in other studies1,21.  Both virus and 
bacteria are identified among these positive samples 
either single or in combination, leads to total detection 
of 784 organisms responsible for ARIs. Of them, 70% 
were from adult and 30% belong to children which is 
contrast to other studies where positivity rate was more 
in pediatric patients than in adult22,23. Respiratory tract 
infection accounts for a majority of the admissions in 
acute care hospitals and like other studies we also 
found more than half of both respiratory bacteria and 
virus in critical care than in wards and outpatient 
department17.
Virus has found at a rate of 42.1% which is higher than 
the reported previous studies23,24. This can be at least 
partially explained by the use of a sensitive multiplex 
RT-PCR, which can detect 16 different viruses and 
improve the diagnostic yield. Of them, approximately 
one-third were Influenza A (33%) virus in all age 
groups. Other important viruses detected are RSV in 
19.0% of positive samples followed by Rhinovirus in 
16.0% of positive samples and Influenza B which 

represented 14.0% of positive cases. These results are 
in line with surveillance studies done by the Centers 
for Disease Control and Prevention (CDC), which 
indicated that 99.8% of influenza viruses isolated were 
type A and 0.2% were type B25. The findings of the 
present study did not agree with studies by 
Brittain-Long et al26 where they found Rhinovirus as 
highest isolation followed by Influenza A virus, and 
RSV.  Avcu et al27 also reported that viral agents were 
detected in 83.3% of patients by molecular methods 
and RSV has been reported as the most common agent. 
Rapid molecular diagnostic tests for relevant bacterial 
pathogens in addition to viral targets can limit 
antibacterial therapy28. More bacteria were isolated 
than virus in both age group with highest prevalence of 
Streptococcus pneumonia in this study. Haemophilus 
influenzae and Moraxella catarrhalis were more than 
any virus in children but less than Influenza A virus in 
adult. These results are in line with former report29. We 
detect Mycoplasma pneumoniae at a rate of 2.8%. 
Previous studies have reported varying detection rates 
of Mycoplasma pneumoniae: 1.7% (adults and 
children in U.S.) to 7.1% (adults in Shanghai, China) 
which might be attributed to the difference in 
collection sites30,31. 
Various studies found that at least one viral or bacterial 
respiratory pathogen detection rate ranged from 41.8% 
to 78.6%, which is in accordance with our findings of 
49.5% positivity. Co-infection has been found in 
31.0% to 51.8% of positive respiratory samples in 
previous studies19,20,22,32,33.  In our study, a higher rate of 
68.0% co-infection was detected. Of them, children 
belong the highest which is almost similar with 
previously published data34-35. We detect three types of 
co-infection including Viral/viral (10), 
Bacterial/bacterial (46) and viral/bacterial (167) with 
2, 3, 4, and up to 5 different combinations. The 
specific and sensitive detection of this study revealed 
that, of 167 mixed infections; 93 were dual, 53 triple, 
15 quadruple and 6 quintuple positive samples. Only 
dual and triple combinations are found among 
viral/viral and bacterial/bacterial co-detected samples. 
The largest proportion of co-detected pathogens was 
Influenza A combined with Streptococcus pneumonia 
(25) followed by Streptococcus pneumonia and 
Moraxella catarrhalis (18), Streptococcus pneumonia 
and Haemophilus influenzae (14) and RSV combined 
with Streptococcus pneumonia (10), similar evidence 
were provided by other independent studies7,8,10,12,17,36. 
This study found three patients with quadruple 

infections detected as Influenza A combined with 
Streptococcus pneumoniae, Haemophilus influenzae, 
and Moraxella catarrhalis; two cases of quintuple 
infections included Influenza A/RV and Streptococcus 
pneumonia / Haemophilus influenzae / Moraxella 
catarrhalis. Such findings constitute strong evidence to 
support that hospitalized patients with acute 
respiratory infections are likely to be infected by more 
than one pathogen. However, the predominance of  
bacteria include Streptococcus pneumonia, 
Haemophilus influenzae and viruses include Influenza, 
RV and RSV in our single and multiple detections, all 
these findings are in line with previously published 
data9-11,17,24. There is no doubt that this multiplex 
real-time PCR assay will significantly expand the 
diagnostic potential for a careful evaluation of 
concomitant bacterial infection to patients with 
positive results of viral examination, thus help 
clinicians to adopt rapid and accurate antibiotic 
treatment regimens.
There were several limitations to our study. First, the 
retrospective design may have led to an inevitable 
selection bias. Second, our specimens are collected 
from a single location over eight months which may 
limit the general applicability of the findings and 
seasonal variation cannot be detected. Third, analyzing 
the clinical feature was beyond the scope of this study 
and thus the demographic data, clinical presentation 
with severity and length of hospitalization were not 
provided in our results. Fourth, commercial assays 
used in this study are invariably expensive and 
difficult to implement in resource poor settings, also 
cannot be quickly modified when new pathogens or 
new strains of known pathogens emerge which are 
missed by the existing assays.
 
Conclusion
In conclusion, the prevalence of respiratory pathogens 
in this institution is high with Respiratory Panel, of 
which majority is bacteria. Influenza virus, RSV and 
RV/EV are the most important viral agents of ARIs, 
while among bacteria, Streptococcus pneumoniae is 
the highest isolated followed by Haemophilus 
influenzae and Moraxella catarrhalis. The only 
atypical bacteria identified is Mycoplasma 
pneumoniae. Present study has detected in half of 
co-infection of which higher rate is in children. 
Bacterial-viral co-detections has found most prevalent 
followed by bacterial-bacterial and viral co-infections. 
Due to similarities of viral and bacterial ARIs with 

inconclusive laboratory findings, a diagnostic dilemma 
appears. Implementation of Panel test detect different 
respiratory pathogens simultaneously, provides rapid 
and high-yield results which can guide diagnosis and 
enhance a more rational use of antibiotics and/or 
antivirals. Future prospective studies for further 
assessing the impact of Respiratory Panel on outcomes 
including correct, timely diagnosis, use or misuse of 
antibiotics, minimizing other diagnostic tests, length of 
hospital stay and clinical course is recommended.
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Introduction
Acute Respiratory Infection (ARI), ranging from 
common cold to severe pneumonia is the major cause 
of outpatient visits and hospitalizations in all age 

categories worldwide, many of which are associated 
with significant morbidity and mortality particularly in 
children, elderly and immunocompromised 
individual1. A large heterogeneous group of typical or 
atypical bacteria and viruses are responsible for these 
ARIs that produce similar clinical presentations and 
put physicians into a diagnostic dilemma. Viral 
infections, however accounts for approximate 80.0% 
of ARIs with influenza virus, respiratory syncytial 
virus, rhinovirus and respiratory adenovirus being the 

most common pathogens2-4. Pneumonia is the most 
common nosocomial infection in the intensive care 
unit (ICU) and half of deaths from pneumonia are 
attributable to bacterial infections5-6. Highly infectious 
pathogenic typical bacteria include Streptococcus 
pneumoniae, Haemophilus influenzae and Moraxella 
catarrhalis. In addition, atypical bacteria specifically 
Mycoplasma pneumoniae is responsible for 10.0 to 
30.0% of community-acquired pneumonia7-9.
The human respiratory tract hosts co-circulating 
pathogens that causes ARIs with combination of 
virus/virus, bacteria/bacteria and virus/bacteria, 
leading to patient’s poor outcome10. The accurate and 
rapid detection of causative organisms is helpful in 
selecting appropriate antiviral or anti-bacterial 
treatment in time, that improve patient prognosis, 
prevent overuse of antibiotics and control the outbreak 
of contagious pathogens. Due to the diversity and 
complexity of infectious pathogens and overlapping 
sign-symptoms, specific diagnosis of ARI relies almost 
entirely on laboratory investigation. 
Conventional diagnostic methods such as bacterial 
culture, targeted polymerase-chain reaction (PCR) 
assays, rapid viral antigen tests, viral culture and direct 
fluorescent antibody test have some limitations in 
comprehensiveness, accuracy, and/or timeliness of 
results to guide clinical decisions while fail to 
establish an etiological diagnosis for more than50.0% 
of patients11. Among new molecular technologies, 
Multiplex RT-PCR assays are fast, accurate, able to 
detect non-cultivable organisms, can identify multiple 
respiratory viruses and bacteria in a single run within 
few hours12. Thus, it helps clinicians to distinguish ARI 
due to viral and/or bacterial origin and assist in 
delivering proper treatment to patients. A multiplex 
RT-PCR could simultaneously detect a panel of 22 
different respiratory pathogens that included influenza 
virus A (FluA),  influenza virus B (FluB), 
parainfluenza virus (PIV-1,2,3,4), human respiratory 
syncytial viruses (RSV),  human adenoviruses (AdVs), 
human metapneumoviruses (HMPV), human 
coronaviruses (HCoVs-NL63, HKU 1, 229E, OC43), 
human enteroviruses (EVs), human rhinoviruses (RVs) 
and bocaviruses (BoV) as well as the fastidious 
respiratory bacteria including Streptococcus 
pneumoniae, Haemophilus influenzae, Moraxella 
catarrhalis, Chlamydia pneumoniae, Mycoplasma 
pneumoniae and Legionella pneumophila with their 
co-infections in a single respiratory sample13-14. 
This study was aimed to evaluate efficacy of multiplex 
RT-PCR Respiratory Panel, as an important tool to 

detect multiple respiratory pathogens in a single test 
among all age groups of patients that improve 
etiological diagnosis of ARI in both hospitalized and 
outpatient setting in a tertiary care hospital, 
Bangladesh, rather doing a bundle of routine 
microbiological diagnostic assays.

Methodology
Study Settings and Population: This retrospective 
study was conducted in Molecular Laboratory unit of 
diagnostic Laboratory services of Square Hospital Ltd 
(SHL), Dhaka, Bangladesh from March to October, 
2023 for a period of 8 months. Nasopharyngeal or 
Oropharyngeal swabs were collected in a sterile screw 
capped Centrifuge tube containing sterile Normal 
saline(NS) or Universal transport media (UTM), from 
patients with symptomatic respiratory tract infection 
who were visited or admitted in Critical care, 
Out-patient department (OPD) and In-Patient 
department (IPD) of Square Hospital Ltd., Dhaka, 
Bangladesh. 
Study Procedure: In this study, the multiplex PCR 
assay was done by using detection kit (VIASURE 
Respiratory Panel III Real Time PCR Detection Kit, 

BIOTEC; Genome Dx; Spain) which is designed for 
the specific and qualitative detection of DNA/RNA 
from 16 Viruses and 6 Bacteria in respiratory samples 
from patients with signs and symptoms of respiratory 
infection. Pathogens were detected with the VIASURE 
Respiratory Panel (Table1).
Respiratory Panel Detection Kit: VIASURE 
Respiratory Panel III Real Time PCR Detection Kit 
contained all the components necessary for real time 
PCR assay (A mix of enzymes, primers, probes, buffer, 
dNTPs, stabilizers and internal control in stabilized 
format) in each well. Rehydration buffer is used to 
reconstitute the stabilized product, positive control and 
negative control. RNAse/DNAse free water and 
Optical caps for sealing wells during thermal cycling 
were included in the kit also. 

PCR Technique: Nucleic acid (RNA/DNA) extraction 
was performed from samples either by using nucleic 
acid extraction kit manually or by auto-extraction 
machine according to manufacturer instructions13. 
Nucleic acids (RNA/DNA) were isolated by 
amplification of a conserved region of the specific 
genes using specific primers and fluorescent–labelled 
probes, which then used for Respiratory pathogens 
identification. To reconstitute the number of wells 

needed, 15μL of Rehydration Buffer is added into each 
well. Then, 5μL of RNA/DNA sample, reconstituted 
Respiratory Panel III Positive Control or Negative 
Control were added in different wells and closed them 
with the provided caps. Finally, the plate or the strips 
were loaded in the thermal cycler for amplification. 
The thermocycler (either Lightcycler, Cobas Z480, 
RotorGeneQ 6000) was programmed for 40 cycles for 
DNA amplification (Table 2).
Finally, the amplified RNA/DNA was determined 
using fluorescent signals of the samples and observed 
in Real Time on the FAM, ROX, Cy5 and/or HEX 
(JOE or VIC) channels. The analysis of the samples 
and controls are done by the software used by the real 
time PCR equipment itself following manufacturer´s 
manual13.
Findings Interpretation: Amplification curves of 
detected pathogens were viewed with corresponding 
cycle threshold (CT) and endpoint fluorescence (EP) 
values. The overall procedures took approximately 
four hours (4h) for a single test13. Results were read, 
analyzed and interpreted according to manufacturer 
instruction (Table 3).
Statistical Analysis: Statistical analysis was 
performed by Windows based software named as 
Statistical Package for Social Science (SPSS), versions 
22.0 (IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY: IBM Corp.). Categorical data were 
summarized in terms of frequency counts and 
percentages. Continuous data were expressed as mean, 
standard deviation, minimum and maximum.
Ethical Clearance: Ethical approval for the study was 
obtained from the Square Hospitals Ltd., Dhaka, 
Bangladesh Medical Review Board. All methods were 
performed in accordance with the relevant guidelines 
and regulations. All procedures of the present study 
were carried out in accordance with the principles for 
human investigations (i.e., Helsinki Declaration 2013) 
and also with the ethical guidelines of the Institutional 
research ethics. Participants in the study were 
informed about the procedure and purpose of the study 
and confidentiality of information provided. All 
participants consented willingly to be a part of the 
study during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system.

Results
A total of 569 Nasopharyngeal or Oropharyngeal swab 
samples were collected from patients with Respiratory 
Tract Infection (RTI) during our eight (8) months of 

study period from March to October, 2023. Of the 569 
samples tested; 442(77.7%) had single/multiple of 
listed virus/bacteria in the panel and 127(22.3%) 
samples were negative for any pathogens (Figure I).

Over the entire study period, total 784 respiratory 
pathogens including viruses and bacteria either single 
or in-combination were detected from 442 positive 
samples.  The results vary between children and adults, 
as shown in (Table 4). Both in adult and children 
group, bacteria were isolated more than viruses. 
Streptococcus pneumoniae (SPN) was the highest in 
number among >18 years (53%) of age compared to 
<18 years (38%). Haemophilus influenzae (HI) and 
Moraxella catarrhalis (MC) were also higher than any 
virus in children but less than Influenza A virus in 
adult. Mycoplasma pneumoniae (MP), represented as 
an atypical bacteria causing pneumonia was found 
more among adult than in children. Study showed 
Respiratory syncytial virus (RSV) more prevalent in 
children (20.0%) than in adult (15.0%), whereas 
Influenza A and Influenza B virus higher among adult 
(36.5%; 14.0%) compared to children (18.0%; 11.0%). 
Isolation of all other viruses found higher in children 
than in adult except Human Metapneumovirus 
(HMPV) and different types of Coronavirus. Of the 
positive isolates, detection of more than one 
respiratory pathogen was found in 531/784 (68.0%) 
with a higher co-detection rate in the children’s group 
(75.2%) than in the adult group (64.5%).
Respiratory panel test detected total 330 viruses in this 

study. The most frequently reported respiratory viruses 
were influenza A (100) followed by Respiratory 
Syncytial Virus A/B (56), Rhinovirus (49), Influenza B 
(43), Adenovirus (18), Enterovirus (16) and Human 
Metapneumovirus (13) respectively. The detection 
rates of other respiratory viruses were less than 10 in 
number (Figure III).

VIASURE multiplex real-time RT-PCR assay was 
applied to detect 3 typical and 3 atypical bacteria 
simultaneously. A total of 454 (57.9%) bacteria were 
identified, of which 3 typical and only one atypical 
bacteria, specifically Mycoplasma pneumoniae (4.0%). 
Among typical ones, most prevalent was Streptococcus 

pneumoniae (48%) followed by Haemophilus 
influenzae (26.0%) and Moraxella catarrhalis (22.0%). 
Other two atypical bacteria like Chlamydia 
pneumoniae (CP) and Legionella pneumophila (LP) 
were not found in our study (Figure IV).

The assay detected 49.5% (219) positive cases with 
single bacterial or viral infection, while more than one 
respiratory pathogen in 50.5% (223) of the detected 
samples. Bacterial-viral co-detections were found most 
prevalent (167) followed by bacterial-bacterial (46) 
and Viral co-infections (10) (Figure V).

A total of 46bacterial co-infections were detected by 
multiplex RT-PCR used in this study, mostly involving 
Streptococcus pneumoniae and Haemophilus 
influenzae. The most commonly prevailed co-infection 
was Streptococcus pneumoniae combined with 
Moraxella catarrhalis (39%), followed by 
Streptococcus pneumoniae plus Haemophilus 
influenzae (31.0%). A triple combination of 
Streptococcus pneumoniae, Moraxella catarrhalis and 
Haemophilus influenzae took third position (11%). 
Mycoplasma pneumoniae also being part of double 
and triple co-infections (Figure VI).

We found total 10 viral co-detections, of which 7 were 
dual, 2 triple and 1 quadruple infections, one each in 
all combinations (Table 5).
The complexity of 167 virus-bacteria co-infections can 
be subdivided into 93 cases of dual infections, 53 triple 
infections, 15 quadruple infections and 6 quintuple 
Infections. Among double combinations, 25 cases has 
Influenza A combined with Streptococcus pneumoniae, 
10 cases of RSV with Streptococcus pneumoniae, 7 
cases of Influenza A with Haemophilus influenzae, 06 
cases of each Streptococcus pneumoniae combined 

with either Influenza B or Rhinovirus and 05 cases of 
each found Influenza A and Moraxella catarrhalis, 
Influenza B and Moraxella catarrhalis, RSV and 
Haemophilus influenzae (Table 6).
Of total 53 triple infections, most prevalent 
co-infection found Influenza A combined with 
Haemophilus influenzae and Streptococcus 
pneumoniae (9). Other 26 combinations have highest 
isolation of Streptococcus pneumoniae (Table 7).
We detected 15 cases of quadruple combinations, of 
which Streptococcus pneumoniae and Influenza A virus 
were found in most cases (Table 8).
Among 6 cases with five pathogens, Streptococcus 
pneumoniae, Moraxella catarrhalis, Haemophilus 
influenzae and Influenza A combined with RV in 2 
cases and RSV in one case. Other three also has 
Streptococcus pneumoniae with other different viruses 
and bacteria (Table 9).

Discussion
Respiratory infections due to various causes was found 
in Bangladesh. This study provides a glimpse of such 
infections from a substantial number of samples from 
patients with suspected pulmonary infection. A 
Multiplex RT-PCR method is used to detect 
Respiratory viruses and bacteria among adults and 
children. The outbreak of SARS, the threat of human 
avian H5N1 influenza virus cases, presence of H1N1 
influenza A and the recent 2020 Covid-19 pandemic 
has heighten the need for improved diagnostic tests for 
respiratory pathogens15.
Molecular assays for identification and simultaneous 
detection of common respiratory pathogens are now 
widely used, replacing many conventional diagnostic 
methods. The main impact of this multiplex PCR was 
its broader spectrum of detection16. In the current 
study, we can detect 22 selected respiratory pathogens 
causing acute respiratory infections in clinical practice 
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and provided the widest spectrum ever reported. 
Multiplex RT-PCR assays display a variety of benefits, 
including a significant reduction in the turnaround 
time with results being available within the same day 
of specimen collection and become more economical 
as multiple pathogens can be detected in a single 
assay17. A nucleic acid extraction kit was used to 
extract both DNA and RNA simultaneously and the 
study can be done with small amount of samples, 
along with minimizing time, labor, and materials 
involved in nucleic acid extraction. Our reporting time 
of 4 hour was consistent with outcomes reported in 
previous studies where reporting mean time was 3.1 
hour18. The present study results showed an increase in 
diagnosis within designated TAT that help in timely 
implementation of isolation precaution and judicious 
use of antimicrobials.
Acute respiratory infections are caused by a complex 
array of pathogens, most commonly viruses and 
bacteria, as well as atypical microorganisms like 
Mycoplasma and Chlamydia18,19. Furthermore, clinical 
diagnosis is complicated with co-infection of several 
pathogens leading to treatment difficulty of acute 
respiratory infection20. In this study, 569 
nasopharyngeal and oropharyngeal specimens were 
collected and analyzed with VIASURE Multiplex 
Respiratory panel over a period of eight months. The 
overall results revealed a positive rate of 77.7%, in 
agreement with the range of positive rates (33.39 to 
65.2%) reported in other studies1,21.  Both virus and 
bacteria are identified among these positive samples 
either single or in combination, leads to total detection 
of 784 organisms responsible for ARIs. Of them, 70% 
were from adult and 30% belong to children which is 
contrast to other studies where positivity rate was more 
in pediatric patients than in adult22,23. Respiratory tract 
infection accounts for a majority of the admissions in 
acute care hospitals and like other studies we also 
found more than half of both respiratory bacteria and 
virus in critical care than in wards and outpatient 
department17.
Virus has found at a rate of 42.1% which is higher than 
the reported previous studies23,24. This can be at least 
partially explained by the use of a sensitive multiplex 
RT-PCR, which can detect 16 different viruses and 
improve the diagnostic yield. Of them, approximately 
one-third were Influenza A (33%) virus in all age 
groups. Other important viruses detected are RSV in 
19.0% of positive samples followed by Rhinovirus in 
16.0% of positive samples and Influenza B which 

represented 14.0% of positive cases. These results are 
in line with surveillance studies done by the Centers 
for Disease Control and Prevention (CDC), which 
indicated that 99.8% of influenza viruses isolated were 
type A and 0.2% were type B25. The findings of the 
present study did not agree with studies by 
Brittain-Long et al26 where they found Rhinovirus as 
highest isolation followed by Influenza A virus, and 
RSV.  Avcu et al27 also reported that viral agents were 
detected in 83.3% of patients by molecular methods 
and RSV has been reported as the most common agent. 
Rapid molecular diagnostic tests for relevant bacterial 
pathogens in addition to viral targets can limit 
antibacterial therapy28. More bacteria were isolated 
than virus in both age group with highest prevalence of 
Streptococcus pneumonia in this study. Haemophilus 
influenzae and Moraxella catarrhalis were more than 
any virus in children but less than Influenza A virus in 
adult. These results are in line with former report29. We 
detect Mycoplasma pneumoniae at a rate of 2.8%. 
Previous studies have reported varying detection rates 
of Mycoplasma pneumoniae: 1.7% (adults and 
children in U.S.) to 7.1% (adults in Shanghai, China) 
which might be attributed to the difference in 
collection sites30,31. 
Various studies found that at least one viral or bacterial 
respiratory pathogen detection rate ranged from 41.8% 
to 78.6%, which is in accordance with our findings of 
49.5% positivity. Co-infection has been found in 
31.0% to 51.8% of positive respiratory samples in 
previous studies19,20,22,32,33.  In our study, a higher rate of 
68.0% co-infection was detected. Of them, children 
belong the highest which is almost similar with 
previously published data34-35. We detect three types of 
co-infection including Viral/viral (10), 
Bacterial/bacterial (46) and viral/bacterial (167) with 
2, 3, 4, and up to 5 different combinations. The 
specific and sensitive detection of this study revealed 
that, of 167 mixed infections; 93 were dual, 53 triple, 
15 quadruple and 6 quintuple positive samples. Only 
dual and triple combinations are found among 
viral/viral and bacterial/bacterial co-detected samples. 
The largest proportion of co-detected pathogens was 
Influenza A combined with Streptococcus pneumonia 
(25) followed by Streptococcus pneumonia and 
Moraxella catarrhalis (18), Streptococcus pneumonia 
and Haemophilus influenzae (14) and RSV combined 
with Streptococcus pneumonia (10), similar evidence 
were provided by other independent studies7,8,10,12,17,36. 
This study found three patients with quadruple 

infections detected as Influenza A combined with 
Streptococcus pneumoniae, Haemophilus influenzae, 
and Moraxella catarrhalis; two cases of quintuple 
infections included Influenza A/RV and Streptococcus 
pneumonia / Haemophilus influenzae / Moraxella 
catarrhalis. Such findings constitute strong evidence to 
support that hospitalized patients with acute 
respiratory infections are likely to be infected by more 
than one pathogen. However, the predominance of  
bacteria include Streptococcus pneumonia, 
Haemophilus influenzae and viruses include Influenza, 
RV and RSV in our single and multiple detections, all 
these findings are in line with previously published 
data9-11,17,24. There is no doubt that this multiplex 
real-time PCR assay will significantly expand the 
diagnostic potential for a careful evaluation of 
concomitant bacterial infection to patients with 
positive results of viral examination, thus help 
clinicians to adopt rapid and accurate antibiotic 
treatment regimens.
There were several limitations to our study. First, the 
retrospective design may have led to an inevitable 
selection bias. Second, our specimens are collected 
from a single location over eight months which may 
limit the general applicability of the findings and 
seasonal variation cannot be detected. Third, analyzing 
the clinical feature was beyond the scope of this study 
and thus the demographic data, clinical presentation 
with severity and length of hospitalization were not 
provided in our results. Fourth, commercial assays 
used in this study are invariably expensive and 
difficult to implement in resource poor settings, also 
cannot be quickly modified when new pathogens or 
new strains of known pathogens emerge which are 
missed by the existing assays.
 
Conclusion
In conclusion, the prevalence of respiratory pathogens 
in this institution is high with Respiratory Panel, of 
which majority is bacteria. Influenza virus, RSV and 
RV/EV are the most important viral agents of ARIs, 
while among bacteria, Streptococcus pneumoniae is 
the highest isolated followed by Haemophilus 
influenzae and Moraxella catarrhalis. The only 
atypical bacteria identified is Mycoplasma 
pneumoniae. Present study has detected in half of 
co-infection of which higher rate is in children. 
Bacterial-viral co-detections has found most prevalent 
followed by bacterial-bacterial and viral co-infections. 
Due to similarities of viral and bacterial ARIs with 

inconclusive laboratory findings, a diagnostic dilemma 
appears. Implementation of Panel test detect different 
respiratory pathogens simultaneously, provides rapid 
and high-yield results which can guide diagnosis and 
enhance a more rational use of antibiotics and/or 
antivirals. Future prospective studies for further 
assessing the impact of Respiratory Panel on outcomes 
including correct, timely diagnosis, use or misuse of 
antibiotics, minimizing other diagnostic tests, length of 
hospital stay and clinical course is recommended.
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Table 6: Summary of Double organisms among Viral-Bacterial 
co-infection positive samples
Co-infection of Pathogens (Virus + Bacteria)
Double infections
Influenza A virus Plus Streptococcus pneumoniae
Respiratory Syncytial virus (RSV) A+B Plus 
Streptococcus pneumoniae
Influenza A virus Plus Haemophilus influenzae
Influenza B virus Plus Streptococcus pneumoniae
Rhinovirus Plus Streptococcus pneumoniae
Influenza A virus Plus Moraxella catarrhalis
Influenza B virus Plus Moraxella catarrhalis
Respiratory Syncytial virus (RSV) A+B Plus 
Haemophilus influenzae
Parainfluenza virus (PIV 3) Plus Streptococcus 
pneumonia/ RSV Plus Moraxella catarrhalis
Respiratory Syncytial virus(RSV) A+B 
Influenza B virus plus Haemophilus influenzae
Parainfluenza virus (PIV 3) + Haemophilus influenzae
Adenovirus plus Haemophilus influenzae
Rhinovirus plus Haemophilus influenzae
Rhinovirus plus Moraxella catarrhalis
Influenza A virus + Mycoplasma pneumoniae
Parainfluenza virus (PIV 2)Plus Streptococcus 
pneumoniae
Parainfluenza virus (PIV 4)Plus Streptococcus 
pneumoniae
Human Metapneumovirus Plus Streptococcus 
pneumoniae
Human Metapneumovirus Plus Moraxella catarrhalis
Coronavirus OC43 Plus Streptococcus pneumoniae
Coronavirus NL63 Plus Moraxella catarrhalis
Coronavirus 229E Plus Mycoplasma pneumoniae

Figure IV:  Prevalence of Respiratory Bacteria(N=454) (Values 
represent the percentage of isolates studied)

Figure V:  Comparison of Single and Co-Isolation among 
Detected Samples (Values represent the number of samples 
studied)

Figure VI:  gure VI: Distribution of Co-Detected Bacteria 
among study samples (Values represent the percentage of 
isolates studied)



Introduction
Acute Respiratory Infection (ARI), ranging from 
common cold to severe pneumonia is the major cause 
of outpatient visits and hospitalizations in all age 

categories worldwide, many of which are associated 
with significant morbidity and mortality particularly in 
children, elderly and immunocompromised 
individual1. A large heterogeneous group of typical or 
atypical bacteria and viruses are responsible for these 
ARIs that produce similar clinical presentations and 
put physicians into a diagnostic dilemma. Viral 
infections, however accounts for approximate 80.0% 
of ARIs with influenza virus, respiratory syncytial 
virus, rhinovirus and respiratory adenovirus being the 

most common pathogens2-4. Pneumonia is the most 
common nosocomial infection in the intensive care 
unit (ICU) and half of deaths from pneumonia are 
attributable to bacterial infections5-6. Highly infectious 
pathogenic typical bacteria include Streptococcus 
pneumoniae, Haemophilus influenzae and Moraxella 
catarrhalis. In addition, atypical bacteria specifically 
Mycoplasma pneumoniae is responsible for 10.0 to 
30.0% of community-acquired pneumonia7-9.
The human respiratory tract hosts co-circulating 
pathogens that causes ARIs with combination of 
virus/virus, bacteria/bacteria and virus/bacteria, 
leading to patient’s poor outcome10. The accurate and 
rapid detection of causative organisms is helpful in 
selecting appropriate antiviral or anti-bacterial 
treatment in time, that improve patient prognosis, 
prevent overuse of antibiotics and control the outbreak 
of contagious pathogens. Due to the diversity and 
complexity of infectious pathogens and overlapping 
sign-symptoms, specific diagnosis of ARI relies almost 
entirely on laboratory investigation. 
Conventional diagnostic methods such as bacterial 
culture, targeted polymerase-chain reaction (PCR) 
assays, rapid viral antigen tests, viral culture and direct 
fluorescent antibody test have some limitations in 
comprehensiveness, accuracy, and/or timeliness of 
results to guide clinical decisions while fail to 
establish an etiological diagnosis for more than50.0% 
of patients11. Among new molecular technologies, 
Multiplex RT-PCR assays are fast, accurate, able to 
detect non-cultivable organisms, can identify multiple 
respiratory viruses and bacteria in a single run within 
few hours12. Thus, it helps clinicians to distinguish ARI 
due to viral and/or bacterial origin and assist in 
delivering proper treatment to patients. A multiplex 
RT-PCR could simultaneously detect a panel of 22 
different respiratory pathogens that included influenza 
virus A (FluA),  influenza virus B (FluB), 
parainfluenza virus (PIV-1,2,3,4), human respiratory 
syncytial viruses (RSV),  human adenoviruses (AdVs), 
human metapneumoviruses (HMPV), human 
coronaviruses (HCoVs-NL63, HKU 1, 229E, OC43), 
human enteroviruses (EVs), human rhinoviruses (RVs) 
and bocaviruses (BoV) as well as the fastidious 
respiratory bacteria including Streptococcus 
pneumoniae, Haemophilus influenzae, Moraxella 
catarrhalis, Chlamydia pneumoniae, Mycoplasma 
pneumoniae and Legionella pneumophila with their 
co-infections in a single respiratory sample13-14. 
This study was aimed to evaluate efficacy of multiplex 
RT-PCR Respiratory Panel, as an important tool to 

detect multiple respiratory pathogens in a single test 
among all age groups of patients that improve 
etiological diagnosis of ARI in both hospitalized and 
outpatient setting in a tertiary care hospital, 
Bangladesh, rather doing a bundle of routine 
microbiological diagnostic assays.

Methodology
Study Settings and Population: This retrospective 
study was conducted in Molecular Laboratory unit of 
diagnostic Laboratory services of Square Hospital Ltd 
(SHL), Dhaka, Bangladesh from March to October, 
2023 for a period of 8 months. Nasopharyngeal or 
Oropharyngeal swabs were collected in a sterile screw 
capped Centrifuge tube containing sterile Normal 
saline(NS) or Universal transport media (UTM), from 
patients with symptomatic respiratory tract infection 
who were visited or admitted in Critical care, 
Out-patient department (OPD) and In-Patient 
department (IPD) of Square Hospital Ltd., Dhaka, 
Bangladesh. 
Study Procedure: In this study, the multiplex PCR 
assay was done by using detection kit (VIASURE 
Respiratory Panel III Real Time PCR Detection Kit, 

BIOTEC; Genome Dx; Spain) which is designed for 
the specific and qualitative detection of DNA/RNA 
from 16 Viruses and 6 Bacteria in respiratory samples 
from patients with signs and symptoms of respiratory 
infection. Pathogens were detected with the VIASURE 
Respiratory Panel (Table1).
Respiratory Panel Detection Kit: VIASURE 
Respiratory Panel III Real Time PCR Detection Kit 
contained all the components necessary for real time 
PCR assay (A mix of enzymes, primers, probes, buffer, 
dNTPs, stabilizers and internal control in stabilized 
format) in each well. Rehydration buffer is used to 
reconstitute the stabilized product, positive control and 
negative control. RNAse/DNAse free water and 
Optical caps for sealing wells during thermal cycling 
were included in the kit also. 

PCR Technique: Nucleic acid (RNA/DNA) extraction 
was performed from samples either by using nucleic 
acid extraction kit manually or by auto-extraction 
machine according to manufacturer instructions13. 
Nucleic acids (RNA/DNA) were isolated by 
amplification of a conserved region of the specific 
genes using specific primers and fluorescent–labelled 
probes, which then used for Respiratory pathogens 
identification. To reconstitute the number of wells 

needed, 15μL of Rehydration Buffer is added into each 
well. Then, 5μL of RNA/DNA sample, reconstituted 
Respiratory Panel III Positive Control or Negative 
Control were added in different wells and closed them 
with the provided caps. Finally, the plate or the strips 
were loaded in the thermal cycler for amplification. 
The thermocycler (either Lightcycler, Cobas Z480, 
RotorGeneQ 6000) was programmed for 40 cycles for 
DNA amplification (Table 2).
Finally, the amplified RNA/DNA was determined 
using fluorescent signals of the samples and observed 
in Real Time on the FAM, ROX, Cy5 and/or HEX 
(JOE or VIC) channels. The analysis of the samples 
and controls are done by the software used by the real 
time PCR equipment itself following manufacturer´s 
manual13.
Findings Interpretation: Amplification curves of 
detected pathogens were viewed with corresponding 
cycle threshold (CT) and endpoint fluorescence (EP) 
values. The overall procedures took approximately 
four hours (4h) for a single test13. Results were read, 
analyzed and interpreted according to manufacturer 
instruction (Table 3).
Statistical Analysis: Statistical analysis was 
performed by Windows based software named as 
Statistical Package for Social Science (SPSS), versions 
22.0 (IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY: IBM Corp.). Categorical data were 
summarized in terms of frequency counts and 
percentages. Continuous data were expressed as mean, 
standard deviation, minimum and maximum.
Ethical Clearance: Ethical approval for the study was 
obtained from the Square Hospitals Ltd., Dhaka, 
Bangladesh Medical Review Board. All methods were 
performed in accordance with the relevant guidelines 
and regulations. All procedures of the present study 
were carried out in accordance with the principles for 
human investigations (i.e., Helsinki Declaration 2013) 
and also with the ethical guidelines of the Institutional 
research ethics. Participants in the study were 
informed about the procedure and purpose of the study 
and confidentiality of information provided. All 
participants consented willingly to be a part of the 
study during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system.

Results
A total of 569 Nasopharyngeal or Oropharyngeal swab 
samples were collected from patients with Respiratory 
Tract Infection (RTI) during our eight (8) months of 

study period from March to October, 2023. Of the 569 
samples tested; 442(77.7%) had single/multiple of 
listed virus/bacteria in the panel and 127(22.3%) 
samples were negative for any pathogens (Figure I).

Over the entire study period, total 784 respiratory 
pathogens including viruses and bacteria either single 
or in-combination were detected from 442 positive 
samples.  The results vary between children and adults, 
as shown in (Table 4). Both in adult and children 
group, bacteria were isolated more than viruses. 
Streptococcus pneumoniae (SPN) was the highest in 
number among >18 years (53%) of age compared to 
<18 years (38%). Haemophilus influenzae (HI) and 
Moraxella catarrhalis (MC) were also higher than any 
virus in children but less than Influenza A virus in 
adult. Mycoplasma pneumoniae (MP), represented as 
an atypical bacteria causing pneumonia was found 
more among adult than in children. Study showed 
Respiratory syncytial virus (RSV) more prevalent in 
children (20.0%) than in adult (15.0%), whereas 
Influenza A and Influenza B virus higher among adult 
(36.5%; 14.0%) compared to children (18.0%; 11.0%). 
Isolation of all other viruses found higher in children 
than in adult except Human Metapneumovirus 
(HMPV) and different types of Coronavirus. Of the 
positive isolates, detection of more than one 
respiratory pathogen was found in 531/784 (68.0%) 
with a higher co-detection rate in the children’s group 
(75.2%) than in the adult group (64.5%).
Respiratory panel test detected total 330 viruses in this 

study. The most frequently reported respiratory viruses 
were influenza A (100) followed by Respiratory 
Syncytial Virus A/B (56), Rhinovirus (49), Influenza B 
(43), Adenovirus (18), Enterovirus (16) and Human 
Metapneumovirus (13) respectively. The detection 
rates of other respiratory viruses were less than 10 in 
number (Figure III).

VIASURE multiplex real-time RT-PCR assay was 
applied to detect 3 typical and 3 atypical bacteria 
simultaneously. A total of 454 (57.9%) bacteria were 
identified, of which 3 typical and only one atypical 
bacteria, specifically Mycoplasma pneumoniae (4.0%). 
Among typical ones, most prevalent was Streptococcus 

pneumoniae (48%) followed by Haemophilus 
influenzae (26.0%) and Moraxella catarrhalis (22.0%). 
Other two atypical bacteria like Chlamydia 
pneumoniae (CP) and Legionella pneumophila (LP) 
were not found in our study (Figure IV).

The assay detected 49.5% (219) positive cases with 
single bacterial or viral infection, while more than one 
respiratory pathogen in 50.5% (223) of the detected 
samples. Bacterial-viral co-detections were found most 
prevalent (167) followed by bacterial-bacterial (46) 
and Viral co-infections (10) (Figure V).

A total of 46bacterial co-infections were detected by 
multiplex RT-PCR used in this study, mostly involving 
Streptococcus pneumoniae and Haemophilus 
influenzae. The most commonly prevailed co-infection 
was Streptococcus pneumoniae combined with 
Moraxella catarrhalis (39%), followed by 
Streptococcus pneumoniae plus Haemophilus 
influenzae (31.0%). A triple combination of 
Streptococcus pneumoniae, Moraxella catarrhalis and 
Haemophilus influenzae took third position (11%). 
Mycoplasma pneumoniae also being part of double 
and triple co-infections (Figure VI).

We found total 10 viral co-detections, of which 7 were 
dual, 2 triple and 1 quadruple infections, one each in 
all combinations (Table 5).
The complexity of 167 virus-bacteria co-infections can 
be subdivided into 93 cases of dual infections, 53 triple 
infections, 15 quadruple infections and 6 quintuple 
Infections. Among double combinations, 25 cases has 
Influenza A combined with Streptococcus pneumoniae, 
10 cases of RSV with Streptococcus pneumoniae, 7 
cases of Influenza A with Haemophilus influenzae, 06 
cases of each Streptococcus pneumoniae combined 

with either Influenza B or Rhinovirus and 05 cases of 
each found Influenza A and Moraxella catarrhalis, 
Influenza B and Moraxella catarrhalis, RSV and 
Haemophilus influenzae (Table 6).
Of total 53 triple infections, most prevalent 
co-infection found Influenza A combined with 
Haemophilus influenzae and Streptococcus 
pneumoniae (9). Other 26 combinations have highest 
isolation of Streptococcus pneumoniae (Table 7).
We detected 15 cases of quadruple combinations, of 
which Streptococcus pneumoniae and Influenza A virus 
were found in most cases (Table 8).
Among 6 cases with five pathogens, Streptococcus 
pneumoniae, Moraxella catarrhalis, Haemophilus 
influenzae and Influenza A combined with RV in 2 
cases and RSV in one case. Other three also has 
Streptococcus pneumoniae with other different viruses 
and bacteria (Table 9).

Discussion
Respiratory infections due to various causes was found 
in Bangladesh. This study provides a glimpse of such 
infections from a substantial number of samples from 
patients with suspected pulmonary infection. A 
Multiplex RT-PCR method is used to detect 
Respiratory viruses and bacteria among adults and 
children. The outbreak of SARS, the threat of human 
avian H5N1 influenza virus cases, presence of H1N1 
influenza A and the recent 2020 Covid-19 pandemic 
has heighten the need for improved diagnostic tests for 
respiratory pathogens15.
Molecular assays for identification and simultaneous 
detection of common respiratory pathogens are now 
widely used, replacing many conventional diagnostic 
methods. The main impact of this multiplex PCR was 
its broader spectrum of detection16. In the current 
study, we can detect 22 selected respiratory pathogens 
causing acute respiratory infections in clinical practice 

Pattern of Respiratory Pathogens with their Co-Infection Detected by Multiplex Real-Time PCR Mawla et al

40Bangladesh J Med Microbiol January 2025, Volume 19, Number 1

and provided the widest spectrum ever reported. 
Multiplex RT-PCR assays display a variety of benefits, 
including a significant reduction in the turnaround 
time with results being available within the same day 
of specimen collection and become more economical 
as multiple pathogens can be detected in a single 
assay17. A nucleic acid extraction kit was used to 
extract both DNA and RNA simultaneously and the 
study can be done with small amount of samples, 
along with minimizing time, labor, and materials 
involved in nucleic acid extraction. Our reporting time 
of 4 hour was consistent with outcomes reported in 
previous studies where reporting mean time was 3.1 
hour18. The present study results showed an increase in 
diagnosis within designated TAT that help in timely 
implementation of isolation precaution and judicious 
use of antimicrobials.
Acute respiratory infections are caused by a complex 
array of pathogens, most commonly viruses and 
bacteria, as well as atypical microorganisms like 
Mycoplasma and Chlamydia18,19. Furthermore, clinical 
diagnosis is complicated with co-infection of several 
pathogens leading to treatment difficulty of acute 
respiratory infection20. In this study, 569 
nasopharyngeal and oropharyngeal specimens were 
collected and analyzed with VIASURE Multiplex 
Respiratory panel over a period of eight months. The 
overall results revealed a positive rate of 77.7%, in 
agreement with the range of positive rates (33.39 to 
65.2%) reported in other studies1,21.  Both virus and 
bacteria are identified among these positive samples 
either single or in combination, leads to total detection 
of 784 organisms responsible for ARIs. Of them, 70% 
were from adult and 30% belong to children which is 
contrast to other studies where positivity rate was more 
in pediatric patients than in adult22,23. Respiratory tract 
infection accounts for a majority of the admissions in 
acute care hospitals and like other studies we also 
found more than half of both respiratory bacteria and 
virus in critical care than in wards and outpatient 
department17.
Virus has found at a rate of 42.1% which is higher than 
the reported previous studies23,24. This can be at least 
partially explained by the use of a sensitive multiplex 
RT-PCR, which can detect 16 different viruses and 
improve the diagnostic yield. Of them, approximately 
one-third were Influenza A (33%) virus in all age 
groups. Other important viruses detected are RSV in 
19.0% of positive samples followed by Rhinovirus in 
16.0% of positive samples and Influenza B which 

represented 14.0% of positive cases. These results are 
in line with surveillance studies done by the Centers 
for Disease Control and Prevention (CDC), which 
indicated that 99.8% of influenza viruses isolated were 
type A and 0.2% were type B25. The findings of the 
present study did not agree with studies by 
Brittain-Long et al26 where they found Rhinovirus as 
highest isolation followed by Influenza A virus, and 
RSV.  Avcu et al27 also reported that viral agents were 
detected in 83.3% of patients by molecular methods 
and RSV has been reported as the most common agent. 
Rapid molecular diagnostic tests for relevant bacterial 
pathogens in addition to viral targets can limit 
antibacterial therapy28. More bacteria were isolated 
than virus in both age group with highest prevalence of 
Streptococcus pneumonia in this study. Haemophilus 
influenzae and Moraxella catarrhalis were more than 
any virus in children but less than Influenza A virus in 
adult. These results are in line with former report29. We 
detect Mycoplasma pneumoniae at a rate of 2.8%. 
Previous studies have reported varying detection rates 
of Mycoplasma pneumoniae: 1.7% (adults and 
children in U.S.) to 7.1% (adults in Shanghai, China) 
which might be attributed to the difference in 
collection sites30,31. 
Various studies found that at least one viral or bacterial 
respiratory pathogen detection rate ranged from 41.8% 
to 78.6%, which is in accordance with our findings of 
49.5% positivity. Co-infection has been found in 
31.0% to 51.8% of positive respiratory samples in 
previous studies19,20,22,32,33.  In our study, a higher rate of 
68.0% co-infection was detected. Of them, children 
belong the highest which is almost similar with 
previously published data34-35. We detect three types of 
co-infection including Viral/viral (10), 
Bacterial/bacterial (46) and viral/bacterial (167) with 
2, 3, 4, and up to 5 different combinations. The 
specific and sensitive detection of this study revealed 
that, of 167 mixed infections; 93 were dual, 53 triple, 
15 quadruple and 6 quintuple positive samples. Only 
dual and triple combinations are found among 
viral/viral and bacterial/bacterial co-detected samples. 
The largest proportion of co-detected pathogens was 
Influenza A combined with Streptococcus pneumonia 
(25) followed by Streptococcus pneumonia and 
Moraxella catarrhalis (18), Streptococcus pneumonia 
and Haemophilus influenzae (14) and RSV combined 
with Streptococcus pneumonia (10), similar evidence 
were provided by other independent studies7,8,10,12,17,36. 
This study found three patients with quadruple 

infections detected as Influenza A combined with 
Streptococcus pneumoniae, Haemophilus influenzae, 
and Moraxella catarrhalis; two cases of quintuple 
infections included Influenza A/RV and Streptococcus 
pneumonia / Haemophilus influenzae / Moraxella 
catarrhalis. Such findings constitute strong evidence to 
support that hospitalized patients with acute 
respiratory infections are likely to be infected by more 
than one pathogen. However, the predominance of  
bacteria include Streptococcus pneumonia, 
Haemophilus influenzae and viruses include Influenza, 
RV and RSV in our single and multiple detections, all 
these findings are in line with previously published 
data9-11,17,24. There is no doubt that this multiplex 
real-time PCR assay will significantly expand the 
diagnostic potential for a careful evaluation of 
concomitant bacterial infection to patients with 
positive results of viral examination, thus help 
clinicians to adopt rapid and accurate antibiotic 
treatment regimens.
There were several limitations to our study. First, the 
retrospective design may have led to an inevitable 
selection bias. Second, our specimens are collected 
from a single location over eight months which may 
limit the general applicability of the findings and 
seasonal variation cannot be detected. Third, analyzing 
the clinical feature was beyond the scope of this study 
and thus the demographic data, clinical presentation 
with severity and length of hospitalization were not 
provided in our results. Fourth, commercial assays 
used in this study are invariably expensive and 
difficult to implement in resource poor settings, also 
cannot be quickly modified when new pathogens or 
new strains of known pathogens emerge which are 
missed by the existing assays.
 
Conclusion
In conclusion, the prevalence of respiratory pathogens 
in this institution is high with Respiratory Panel, of 
which majority is bacteria. Influenza virus, RSV and 
RV/EV are the most important viral agents of ARIs, 
while among bacteria, Streptococcus pneumoniae is 
the highest isolated followed by Haemophilus 
influenzae and Moraxella catarrhalis. The only 
atypical bacteria identified is Mycoplasma 
pneumoniae. Present study has detected in half of 
co-infection of which higher rate is in children. 
Bacterial-viral co-detections has found most prevalent 
followed by bacterial-bacterial and viral co-infections. 
Due to similarities of viral and bacterial ARIs with 

inconclusive laboratory findings, a diagnostic dilemma 
appears. Implementation of Panel test detect different 
respiratory pathogens simultaneously, provides rapid 
and high-yield results which can guide diagnosis and 
enhance a more rational use of antibiotics and/or 
antivirals. Future prospective studies for further 
assessing the impact of Respiratory Panel on outcomes 
including correct, timely diagnosis, use or misuse of 
antibiotics, minimizing other diagnostic tests, length of 
hospital stay and clinical course is recommended.
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Table 5: Viral Combination among Co-Detected Positive 
Samples
Co-infection of Pathogens(Virus+Virus) (N=10)
Influenza A virus + Adenovirus +Bocavirus+ Coronavirus HKU 1
Adenovirus +Bocavirus+ Respiratory Syncytial virus (RSV) A+B
Adenovirus +Bocavirus+ Rhinovirus
Influenza A virus + Influenza B virus
Influenza A virus + Respiratory Syncytial virus (RSV) A+B
Respiratory Syncytial virus (RSV) A+B + Rhinovirus
Respiratory Syncytial virus (RSV) A+B + Enterovirus
Enterovirus +Adenovirus
Enterovirus + Rhinovirus
Parainfluenzae virus (PIV 3) plus Bocavirus

N=167
53(31.7%)

9
4
4
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
 

Table 7: Summary of Viral-Bacterial Co-Infections Containing Triple Organisms 

Co-infection of Pathogens (Virus+Bacteria)
Triple Infections
Influenza A virus +Streptococcus pneumoniae + Haemophilus influenzae
Influenza A virus +Streptococcus pneumoniae + Moraxella catarrhalis
Influenza B virus +Streptococcus pneumoniae + Moraxella catarrhalis
Adenovirus + Respiratory Syncytial virus (RSV) A+B + Streptococcus pneumoniae
Rhinovirus + Parainfluenza virus (PIV 1)+ Streptococcus pneumoniae
Rhinovirus + Streptococcus pneumoniae + Haemophilus influenzae
Adenovirus + Streptococcus pneumoniae + Haemophilus influenzae
Adenovirus + Streptococcus pneumoniae + Moraxella catarrhalis
Influenza A virus + Rhinovirus +Moraxella catarrhalis
Influenza A virus + Parainfluenza virus (PIV 3)+ Moraxella catarrhalis
Influenza A virus + Rhinovirus +Haemophilus influenzae
Influenza A virus + Enterovirus + Haemophilus influenzae
Influenza A virus +Streptococcus pneumoniae + Mycoplasma pneumoniae
Influenza A virus + Haemophilus influenzae + Moraxella catarrhalis
Influenza B virus + Enterovirus + Streptococcus pneumoniae
Influenza B virus +Streptococcus pneumoniae +Haemophilus influenzae
Parainfluenza virus (PIV 1)+ Rhinovirus +Haemophilus influenzae
Parainfluenza virus (PIV 3) +Streptococcus pneumoniae + Haemophilus influenzae
Parainfluenza virus (PIV 4)+ Streptococcus pneumoniae + Moraxella catarrhalis
Respiratory Syncytial virus (RSV) A+B + Rhinovirus +Haemophilus influenzae
Respiratory Syncytial virus (RSV) A+B + Streptococcus pneumoniae+ Haemophilus influenzae
Respiratory Syncytial virus (RSV) A+B + Streptococcus pneumoniae+ Mycoplasma pneumoniae
Respiratory Syncytial virus (RSV) A+B + Moraxella catarrhalis + Haemophilus influenzae
Adenovirus + Respiratory Syncytial virus (RSV) A+B + Haemophilus influenzae
Adenovirus + Rhinovirus + Moraxella catarrhalis
Rhinovirus + Coronavirus OC43 + Streptococcus pneumoniae
Rhinovirus + Enterovirus + Mycoplasma pneumoniae
Rhinovirus + Streptococcus pneumonia + Mycoplasma pneumoniae
Rhinovirus + Haemophilus influenzae + Moraxella catarrhalis
Human Metapneumovirus + Streptococcus pneumoniae + Moraxella catarrhalis
Human Metapneumovirus + Streptococcus pneumoniae + Haemophilus influenzae
Human Metapneumovirus + Moraxella catarrhalis + Haemophilus influenzae
Coronavirus NL63 + Streptococcus pneumoniae + Haemophilus influenzae
Coronavirus 229E + Streptococcus pneumoniae + Haemophilus influenzae



Introduction
Acute Respiratory Infection (ARI), ranging from 
common cold to severe pneumonia is the major cause 
of outpatient visits and hospitalizations in all age 

categories worldwide, many of which are associated 
with significant morbidity and mortality particularly in 
children, elderly and immunocompromised 
individual1. A large heterogeneous group of typical or 
atypical bacteria and viruses are responsible for these 
ARIs that produce similar clinical presentations and 
put physicians into a diagnostic dilemma. Viral 
infections, however accounts for approximate 80.0% 
of ARIs with influenza virus, respiratory syncytial 
virus, rhinovirus and respiratory adenovirus being the 

most common pathogens2-4. Pneumonia is the most 
common nosocomial infection in the intensive care 
unit (ICU) and half of deaths from pneumonia are 
attributable to bacterial infections5-6. Highly infectious 
pathogenic typical bacteria include Streptococcus 
pneumoniae, Haemophilus influenzae and Moraxella 
catarrhalis. In addition, atypical bacteria specifically 
Mycoplasma pneumoniae is responsible for 10.0 to 
30.0% of community-acquired pneumonia7-9.
The human respiratory tract hosts co-circulating 
pathogens that causes ARIs with combination of 
virus/virus, bacteria/bacteria and virus/bacteria, 
leading to patient’s poor outcome10. The accurate and 
rapid detection of causative organisms is helpful in 
selecting appropriate antiviral or anti-bacterial 
treatment in time, that improve patient prognosis, 
prevent overuse of antibiotics and control the outbreak 
of contagious pathogens. Due to the diversity and 
complexity of infectious pathogens and overlapping 
sign-symptoms, specific diagnosis of ARI relies almost 
entirely on laboratory investigation. 
Conventional diagnostic methods such as bacterial 
culture, targeted polymerase-chain reaction (PCR) 
assays, rapid viral antigen tests, viral culture and direct 
fluorescent antibody test have some limitations in 
comprehensiveness, accuracy, and/or timeliness of 
results to guide clinical decisions while fail to 
establish an etiological diagnosis for more than50.0% 
of patients11. Among new molecular technologies, 
Multiplex RT-PCR assays are fast, accurate, able to 
detect non-cultivable organisms, can identify multiple 
respiratory viruses and bacteria in a single run within 
few hours12. Thus, it helps clinicians to distinguish ARI 
due to viral and/or bacterial origin and assist in 
delivering proper treatment to patients. A multiplex 
RT-PCR could simultaneously detect a panel of 22 
different respiratory pathogens that included influenza 
virus A (FluA),  influenza virus B (FluB), 
parainfluenza virus (PIV-1,2,3,4), human respiratory 
syncytial viruses (RSV),  human adenoviruses (AdVs), 
human metapneumoviruses (HMPV), human 
coronaviruses (HCoVs-NL63, HKU 1, 229E, OC43), 
human enteroviruses (EVs), human rhinoviruses (RVs) 
and bocaviruses (BoV) as well as the fastidious 
respiratory bacteria including Streptococcus 
pneumoniae, Haemophilus influenzae, Moraxella 
catarrhalis, Chlamydia pneumoniae, Mycoplasma 
pneumoniae and Legionella pneumophila with their 
co-infections in a single respiratory sample13-14. 
This study was aimed to evaluate efficacy of multiplex 
RT-PCR Respiratory Panel, as an important tool to 

detect multiple respiratory pathogens in a single test 
among all age groups of patients that improve 
etiological diagnosis of ARI in both hospitalized and 
outpatient setting in a tertiary care hospital, 
Bangladesh, rather doing a bundle of routine 
microbiological diagnostic assays.

Methodology
Study Settings and Population: This retrospective 
study was conducted in Molecular Laboratory unit of 
diagnostic Laboratory services of Square Hospital Ltd 
(SHL), Dhaka, Bangladesh from March to October, 
2023 for a period of 8 months. Nasopharyngeal or 
Oropharyngeal swabs were collected in a sterile screw 
capped Centrifuge tube containing sterile Normal 
saline(NS) or Universal transport media (UTM), from 
patients with symptomatic respiratory tract infection 
who were visited or admitted in Critical care, 
Out-patient department (OPD) and In-Patient 
department (IPD) of Square Hospital Ltd., Dhaka, 
Bangladesh. 
Study Procedure: In this study, the multiplex PCR 
assay was done by using detection kit (VIASURE 
Respiratory Panel III Real Time PCR Detection Kit, 

BIOTEC; Genome Dx; Spain) which is designed for 
the specific and qualitative detection of DNA/RNA 
from 16 Viruses and 6 Bacteria in respiratory samples 
from patients with signs and symptoms of respiratory 
infection. Pathogens were detected with the VIASURE 
Respiratory Panel (Table1).
Respiratory Panel Detection Kit: VIASURE 
Respiratory Panel III Real Time PCR Detection Kit 
contained all the components necessary for real time 
PCR assay (A mix of enzymes, primers, probes, buffer, 
dNTPs, stabilizers and internal control in stabilized 
format) in each well. Rehydration buffer is used to 
reconstitute the stabilized product, positive control and 
negative control. RNAse/DNAse free water and 
Optical caps for sealing wells during thermal cycling 
were included in the kit also. 

PCR Technique: Nucleic acid (RNA/DNA) extraction 
was performed from samples either by using nucleic 
acid extraction kit manually or by auto-extraction 
machine according to manufacturer instructions13. 
Nucleic acids (RNA/DNA) were isolated by 
amplification of a conserved region of the specific 
genes using specific primers and fluorescent–labelled 
probes, which then used for Respiratory pathogens 
identification. To reconstitute the number of wells 

needed, 15μL of Rehydration Buffer is added into each 
well. Then, 5μL of RNA/DNA sample, reconstituted 
Respiratory Panel III Positive Control or Negative 
Control were added in different wells and closed them 
with the provided caps. Finally, the plate or the strips 
were loaded in the thermal cycler for amplification. 
The thermocycler (either Lightcycler, Cobas Z480, 
RotorGeneQ 6000) was programmed for 40 cycles for 
DNA amplification (Table 2).
Finally, the amplified RNA/DNA was determined 
using fluorescent signals of the samples and observed 
in Real Time on the FAM, ROX, Cy5 and/or HEX 
(JOE or VIC) channels. The analysis of the samples 
and controls are done by the software used by the real 
time PCR equipment itself following manufacturer´s 
manual13.
Findings Interpretation: Amplification curves of 
detected pathogens were viewed with corresponding 
cycle threshold (CT) and endpoint fluorescence (EP) 
values. The overall procedures took approximately 
four hours (4h) for a single test13. Results were read, 
analyzed and interpreted according to manufacturer 
instruction (Table 3).
Statistical Analysis: Statistical analysis was 
performed by Windows based software named as 
Statistical Package for Social Science (SPSS), versions 
22.0 (IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY: IBM Corp.). Categorical data were 
summarized in terms of frequency counts and 
percentages. Continuous data were expressed as mean, 
standard deviation, minimum and maximum.
Ethical Clearance: Ethical approval for the study was 
obtained from the Square Hospitals Ltd., Dhaka, 
Bangladesh Medical Review Board. All methods were 
performed in accordance with the relevant guidelines 
and regulations. All procedures of the present study 
were carried out in accordance with the principles for 
human investigations (i.e., Helsinki Declaration 2013) 
and also with the ethical guidelines of the Institutional 
research ethics. Participants in the study were 
informed about the procedure and purpose of the study 
and confidentiality of information provided. All 
participants consented willingly to be a part of the 
study during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system.

Results
A total of 569 Nasopharyngeal or Oropharyngeal swab 
samples were collected from patients with Respiratory 
Tract Infection (RTI) during our eight (8) months of 

study period from March to October, 2023. Of the 569 
samples tested; 442(77.7%) had single/multiple of 
listed virus/bacteria in the panel and 127(22.3%) 
samples were negative for any pathogens (Figure I).

Over the entire study period, total 784 respiratory 
pathogens including viruses and bacteria either single 
or in-combination were detected from 442 positive 
samples.  The results vary between children and adults, 
as shown in (Table 4). Both in adult and children 
group, bacteria were isolated more than viruses. 
Streptococcus pneumoniae (SPN) was the highest in 
number among >18 years (53%) of age compared to 
<18 years (38%). Haemophilus influenzae (HI) and 
Moraxella catarrhalis (MC) were also higher than any 
virus in children but less than Influenza A virus in 
adult. Mycoplasma pneumoniae (MP), represented as 
an atypical bacteria causing pneumonia was found 
more among adult than in children. Study showed 
Respiratory syncytial virus (RSV) more prevalent in 
children (20.0%) than in adult (15.0%), whereas 
Influenza A and Influenza B virus higher among adult 
(36.5%; 14.0%) compared to children (18.0%; 11.0%). 
Isolation of all other viruses found higher in children 
than in adult except Human Metapneumovirus 
(HMPV) and different types of Coronavirus. Of the 
positive isolates, detection of more than one 
respiratory pathogen was found in 531/784 (68.0%) 
with a higher co-detection rate in the children’s group 
(75.2%) than in the adult group (64.5%).
Respiratory panel test detected total 330 viruses in this 

study. The most frequently reported respiratory viruses 
were influenza A (100) followed by Respiratory 
Syncytial Virus A/B (56), Rhinovirus (49), Influenza B 
(43), Adenovirus (18), Enterovirus (16) and Human 
Metapneumovirus (13) respectively. The detection 
rates of other respiratory viruses were less than 10 in 
number (Figure III).

VIASURE multiplex real-time RT-PCR assay was 
applied to detect 3 typical and 3 atypical bacteria 
simultaneously. A total of 454 (57.9%) bacteria were 
identified, of which 3 typical and only one atypical 
bacteria, specifically Mycoplasma pneumoniae (4.0%). 
Among typical ones, most prevalent was Streptococcus 

pneumoniae (48%) followed by Haemophilus 
influenzae (26.0%) and Moraxella catarrhalis (22.0%). 
Other two atypical bacteria like Chlamydia 
pneumoniae (CP) and Legionella pneumophila (LP) 
were not found in our study (Figure IV).

The assay detected 49.5% (219) positive cases with 
single bacterial or viral infection, while more than one 
respiratory pathogen in 50.5% (223) of the detected 
samples. Bacterial-viral co-detections were found most 
prevalent (167) followed by bacterial-bacterial (46) 
and Viral co-infections (10) (Figure V).

A total of 46bacterial co-infections were detected by 
multiplex RT-PCR used in this study, mostly involving 
Streptococcus pneumoniae and Haemophilus 
influenzae. The most commonly prevailed co-infection 
was Streptococcus pneumoniae combined with 
Moraxella catarrhalis (39%), followed by 
Streptococcus pneumoniae plus Haemophilus 
influenzae (31.0%). A triple combination of 
Streptococcus pneumoniae, Moraxella catarrhalis and 
Haemophilus influenzae took third position (11%). 
Mycoplasma pneumoniae also being part of double 
and triple co-infections (Figure VI).

We found total 10 viral co-detections, of which 7 were 
dual, 2 triple and 1 quadruple infections, one each in 
all combinations (Table 5).
The complexity of 167 virus-bacteria co-infections can 
be subdivided into 93 cases of dual infections, 53 triple 
infections, 15 quadruple infections and 6 quintuple 
Infections. Among double combinations, 25 cases has 
Influenza A combined with Streptococcus pneumoniae, 
10 cases of RSV with Streptococcus pneumoniae, 7 
cases of Influenza A with Haemophilus influenzae, 06 
cases of each Streptococcus pneumoniae combined 

with either Influenza B or Rhinovirus and 05 cases of 
each found Influenza A and Moraxella catarrhalis, 
Influenza B and Moraxella catarrhalis, RSV and 
Haemophilus influenzae (Table 6).
Of total 53 triple infections, most prevalent 
co-infection found Influenza A combined with 
Haemophilus influenzae and Streptococcus 
pneumoniae (9). Other 26 combinations have highest 
isolation of Streptococcus pneumoniae (Table 7).
We detected 15 cases of quadruple combinations, of 
which Streptococcus pneumoniae and Influenza A virus 
were found in most cases (Table 8).
Among 6 cases with five pathogens, Streptococcus 
pneumoniae, Moraxella catarrhalis, Haemophilus 
influenzae and Influenza A combined with RV in 2 
cases and RSV in one case. Other three also has 
Streptococcus pneumoniae with other different viruses 
and bacteria (Table 9).

Discussion
Respiratory infections due to various causes was found 
in Bangladesh. This study provides a glimpse of such 
infections from a substantial number of samples from 
patients with suspected pulmonary infection. A 
Multiplex RT-PCR method is used to detect 
Respiratory viruses and bacteria among adults and 
children. The outbreak of SARS, the threat of human 
avian H5N1 influenza virus cases, presence of H1N1 
influenza A and the recent 2020 Covid-19 pandemic 
has heighten the need for improved diagnostic tests for 
respiratory pathogens15.
Molecular assays for identification and simultaneous 
detection of common respiratory pathogens are now 
widely used, replacing many conventional diagnostic 
methods. The main impact of this multiplex PCR was 
its broader spectrum of detection16. In the current 
study, we can detect 22 selected respiratory pathogens 
causing acute respiratory infections in clinical practice 
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and provided the widest spectrum ever reported. 
Multiplex RT-PCR assays display a variety of benefits, 
including a significant reduction in the turnaround 
time with results being available within the same day 
of specimen collection and become more economical 
as multiple pathogens can be detected in a single 
assay17. A nucleic acid extraction kit was used to 
extract both DNA and RNA simultaneously and the 
study can be done with small amount of samples, 
along with minimizing time, labor, and materials 
involved in nucleic acid extraction. Our reporting time 
of 4 hour was consistent with outcomes reported in 
previous studies where reporting mean time was 3.1 
hour18. The present study results showed an increase in 
diagnosis within designated TAT that help in timely 
implementation of isolation precaution and judicious 
use of antimicrobials.
Acute respiratory infections are caused by a complex 
array of pathogens, most commonly viruses and 
bacteria, as well as atypical microorganisms like 
Mycoplasma and Chlamydia18,19. Furthermore, clinical 
diagnosis is complicated with co-infection of several 
pathogens leading to treatment difficulty of acute 
respiratory infection20. In this study, 569 
nasopharyngeal and oropharyngeal specimens were 
collected and analyzed with VIASURE Multiplex 
Respiratory panel over a period of eight months. The 
overall results revealed a positive rate of 77.7%, in 
agreement with the range of positive rates (33.39 to 
65.2%) reported in other studies1,21.  Both virus and 
bacteria are identified among these positive samples 
either single or in combination, leads to total detection 
of 784 organisms responsible for ARIs. Of them, 70% 
were from adult and 30% belong to children which is 
contrast to other studies where positivity rate was more 
in pediatric patients than in adult22,23. Respiratory tract 
infection accounts for a majority of the admissions in 
acute care hospitals and like other studies we also 
found more than half of both respiratory bacteria and 
virus in critical care than in wards and outpatient 
department17.
Virus has found at a rate of 42.1% which is higher than 
the reported previous studies23,24. This can be at least 
partially explained by the use of a sensitive multiplex 
RT-PCR, which can detect 16 different viruses and 
improve the diagnostic yield. Of them, approximately 
one-third were Influenza A (33%) virus in all age 
groups. Other important viruses detected are RSV in 
19.0% of positive samples followed by Rhinovirus in 
16.0% of positive samples and Influenza B which 

represented 14.0% of positive cases. These results are 
in line with surveillance studies done by the Centers 
for Disease Control and Prevention (CDC), which 
indicated that 99.8% of influenza viruses isolated were 
type A and 0.2% were type B25. The findings of the 
present study did not agree with studies by 
Brittain-Long et al26 where they found Rhinovirus as 
highest isolation followed by Influenza A virus, and 
RSV.  Avcu et al27 also reported that viral agents were 
detected in 83.3% of patients by molecular methods 
and RSV has been reported as the most common agent. 
Rapid molecular diagnostic tests for relevant bacterial 
pathogens in addition to viral targets can limit 
antibacterial therapy28. More bacteria were isolated 
than virus in both age group with highest prevalence of 
Streptococcus pneumonia in this study. Haemophilus 
influenzae and Moraxella catarrhalis were more than 
any virus in children but less than Influenza A virus in 
adult. These results are in line with former report29. We 
detect Mycoplasma pneumoniae at a rate of 2.8%. 
Previous studies have reported varying detection rates 
of Mycoplasma pneumoniae: 1.7% (adults and 
children in U.S.) to 7.1% (adults in Shanghai, China) 
which might be attributed to the difference in 
collection sites30,31. 
Various studies found that at least one viral or bacterial 
respiratory pathogen detection rate ranged from 41.8% 
to 78.6%, which is in accordance with our findings of 
49.5% positivity. Co-infection has been found in 
31.0% to 51.8% of positive respiratory samples in 
previous studies19,20,22,32,33.  In our study, a higher rate of 
68.0% co-infection was detected. Of them, children 
belong the highest which is almost similar with 
previously published data34-35. We detect three types of 
co-infection including Viral/viral (10), 
Bacterial/bacterial (46) and viral/bacterial (167) with 
2, 3, 4, and up to 5 different combinations. The 
specific and sensitive detection of this study revealed 
that, of 167 mixed infections; 93 were dual, 53 triple, 
15 quadruple and 6 quintuple positive samples. Only 
dual and triple combinations are found among 
viral/viral and bacterial/bacterial co-detected samples. 
The largest proportion of co-detected pathogens was 
Influenza A combined with Streptococcus pneumonia 
(25) followed by Streptococcus pneumonia and 
Moraxella catarrhalis (18), Streptococcus pneumonia 
and Haemophilus influenzae (14) and RSV combined 
with Streptococcus pneumonia (10), similar evidence 
were provided by other independent studies7,8,10,12,17,36. 
This study found three patients with quadruple 

infections detected as Influenza A combined with 
Streptococcus pneumoniae, Haemophilus influenzae, 
and Moraxella catarrhalis; two cases of quintuple 
infections included Influenza A/RV and Streptococcus 
pneumonia / Haemophilus influenzae / Moraxella 
catarrhalis. Such findings constitute strong evidence to 
support that hospitalized patients with acute 
respiratory infections are likely to be infected by more 
than one pathogen. However, the predominance of  
bacteria include Streptococcus pneumonia, 
Haemophilus influenzae and viruses include Influenza, 
RV and RSV in our single and multiple detections, all 
these findings are in line with previously published 
data9-11,17,24. There is no doubt that this multiplex 
real-time PCR assay will significantly expand the 
diagnostic potential for a careful evaluation of 
concomitant bacterial infection to patients with 
positive results of viral examination, thus help 
clinicians to adopt rapid and accurate antibiotic 
treatment regimens.
There were several limitations to our study. First, the 
retrospective design may have led to an inevitable 
selection bias. Second, our specimens are collected 
from a single location over eight months which may 
limit the general applicability of the findings and 
seasonal variation cannot be detected. Third, analyzing 
the clinical feature was beyond the scope of this study 
and thus the demographic data, clinical presentation 
with severity and length of hospitalization were not 
provided in our results. Fourth, commercial assays 
used in this study are invariably expensive and 
difficult to implement in resource poor settings, also 
cannot be quickly modified when new pathogens or 
new strains of known pathogens emerge which are 
missed by the existing assays.
 
Conclusion
In conclusion, the prevalence of respiratory pathogens 
in this institution is high with Respiratory Panel, of 
which majority is bacteria. Influenza virus, RSV and 
RV/EV are the most important viral agents of ARIs, 
while among bacteria, Streptococcus pneumoniae is 
the highest isolated followed by Haemophilus 
influenzae and Moraxella catarrhalis. The only 
atypical bacteria identified is Mycoplasma 
pneumoniae. Present study has detected in half of 
co-infection of which higher rate is in children. 
Bacterial-viral co-detections has found most prevalent 
followed by bacterial-bacterial and viral co-infections. 
Due to similarities of viral and bacterial ARIs with 

inconclusive laboratory findings, a diagnostic dilemma 
appears. Implementation of Panel test detect different 
respiratory pathogens simultaneously, provides rapid 
and high-yield results which can guide diagnosis and 
enhance a more rational use of antibiotics and/or 
antivirals. Future prospective studies for further 
assessing the impact of Respiratory Panel on outcomes 
including correct, timely diagnosis, use or misuse of 
antibiotics, minimizing other diagnostic tests, length of 
hospital stay and clinical course is recommended.
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Table 8: Summary of Quadruple Co-Infections (Virus plus Bacteria) Positive Samples

Co-Infection of Pathogens (Virus Plus Bacteria)
Quadruple Infections
Influenza A virus +Streptococcus pneumoniae + Moraxella catarrhalis + Haemophilus influenzae
Respiratory Syncytial virus (RSV) + Enterovirus + Streptococcus pneumoniae + Moraxella catarrhalis
Influenza A virus + Rhinovirus + Streptococcus pneumoniae + Moraxella catarrhalis
Influenza A virus + Enterovirus + Streptococcus pneumoniae + Haemophilus influenzae
Influenza A virus + Influenza B virus + Coronavirus NL63 + Streptococcus pneumoniae
Influenza B virus + Adenovirus + Rhinovirus + Haemophilus influenzae
Influenza B virus + Streptococcus pneumoniae + Moraxella catarrhalis + Haemophilus influenzae
Influenza A virus + Rhinovirus + Streptococcus pneumoniae + Moraxella catarrhalis
Influenza A virus + Enterovirus + Streptococcus pneumoniae + Haemophilus influenzae
Influenza A virus + Influenza B virus + Coronavirus NL63 + Streptococcus pneumoniae
Influenza B virus + Adenovirus + Rhinovirus + Haemophilus influenzae
Influenza B virus + Streptococcus pneumoniae + Moraxella catarrhalis + Haemophilus influenzae

N=167
6(3.6%)
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Table 9: Summary of quintuple co-infections (Virus plus Bacteria) positive samples

Co-infection of Pathogens (Virus plus Bacteria)
Quintuple Infections
Influenza A virus + Rhinovirus + Streptococcus pneumoniae + Moraxella catarrhalis + Haemophilus 
influenzae
Influenza A virus + Respiratory Syncytial virus (RSV) A+B + Streptococcus pneumoniae +Moraxella 
catarrhalis + Haemophilus influenzae
Influenza B virus + Enterovirus + Bocavirus + Coronavirus HKU1+Streptococcus pneumoniae
Rhinovirus + Human Metapneumovirus + Streptococcus pneumoniae + Haemophilus influenzae + 
Mycoplasma pneumoniae
Rhinovirus + Respiratory Syncytial virus (RSV) A+B + Coronavirus NL63 + Streptococcus pneumoniae + 
hilus influenzae



Introduction
Acute Respiratory Infection (ARI), ranging from 
common cold to severe pneumonia is the major cause 
of outpatient visits and hospitalizations in all age 

categories worldwide, many of which are associated 
with significant morbidity and mortality particularly in 
children, elderly and immunocompromised 
individual1. A large heterogeneous group of typical or 
atypical bacteria and viruses are responsible for these 
ARIs that produce similar clinical presentations and 
put physicians into a diagnostic dilemma. Viral 
infections, however accounts for approximate 80.0% 
of ARIs with influenza virus, respiratory syncytial 
virus, rhinovirus and respiratory adenovirus being the 

most common pathogens2-4. Pneumonia is the most 
common nosocomial infection in the intensive care 
unit (ICU) and half of deaths from pneumonia are 
attributable to bacterial infections5-6. Highly infectious 
pathogenic typical bacteria include Streptococcus 
pneumoniae, Haemophilus influenzae and Moraxella 
catarrhalis. In addition, atypical bacteria specifically 
Mycoplasma pneumoniae is responsible for 10.0 to 
30.0% of community-acquired pneumonia7-9.
The human respiratory tract hosts co-circulating 
pathogens that causes ARIs with combination of 
virus/virus, bacteria/bacteria and virus/bacteria, 
leading to patient’s poor outcome10. The accurate and 
rapid detection of causative organisms is helpful in 
selecting appropriate antiviral or anti-bacterial 
treatment in time, that improve patient prognosis, 
prevent overuse of antibiotics and control the outbreak 
of contagious pathogens. Due to the diversity and 
complexity of infectious pathogens and overlapping 
sign-symptoms, specific diagnosis of ARI relies almost 
entirely on laboratory investigation. 
Conventional diagnostic methods such as bacterial 
culture, targeted polymerase-chain reaction (PCR) 
assays, rapid viral antigen tests, viral culture and direct 
fluorescent antibody test have some limitations in 
comprehensiveness, accuracy, and/or timeliness of 
results to guide clinical decisions while fail to 
establish an etiological diagnosis for more than50.0% 
of patients11. Among new molecular technologies, 
Multiplex RT-PCR assays are fast, accurate, able to 
detect non-cultivable organisms, can identify multiple 
respiratory viruses and bacteria in a single run within 
few hours12. Thus, it helps clinicians to distinguish ARI 
due to viral and/or bacterial origin and assist in 
delivering proper treatment to patients. A multiplex 
RT-PCR could simultaneously detect a panel of 22 
different respiratory pathogens that included influenza 
virus A (FluA),  influenza virus B (FluB), 
parainfluenza virus (PIV-1,2,3,4), human respiratory 
syncytial viruses (RSV),  human adenoviruses (AdVs), 
human metapneumoviruses (HMPV), human 
coronaviruses (HCoVs-NL63, HKU 1, 229E, OC43), 
human enteroviruses (EVs), human rhinoviruses (RVs) 
and bocaviruses (BoV) as well as the fastidious 
respiratory bacteria including Streptococcus 
pneumoniae, Haemophilus influenzae, Moraxella 
catarrhalis, Chlamydia pneumoniae, Mycoplasma 
pneumoniae and Legionella pneumophila with their 
co-infections in a single respiratory sample13-14. 
This study was aimed to evaluate efficacy of multiplex 
RT-PCR Respiratory Panel, as an important tool to 

detect multiple respiratory pathogens in a single test 
among all age groups of patients that improve 
etiological diagnosis of ARI in both hospitalized and 
outpatient setting in a tertiary care hospital, 
Bangladesh, rather doing a bundle of routine 
microbiological diagnostic assays.

Methodology
Study Settings and Population: This retrospective 
study was conducted in Molecular Laboratory unit of 
diagnostic Laboratory services of Square Hospital Ltd 
(SHL), Dhaka, Bangladesh from March to October, 
2023 for a period of 8 months. Nasopharyngeal or 
Oropharyngeal swabs were collected in a sterile screw 
capped Centrifuge tube containing sterile Normal 
saline(NS) or Universal transport media (UTM), from 
patients with symptomatic respiratory tract infection 
who were visited or admitted in Critical care, 
Out-patient department (OPD) and In-Patient 
department (IPD) of Square Hospital Ltd., Dhaka, 
Bangladesh. 
Study Procedure: In this study, the multiplex PCR 
assay was done by using detection kit (VIASURE 
Respiratory Panel III Real Time PCR Detection Kit, 

BIOTEC; Genome Dx; Spain) which is designed for 
the specific and qualitative detection of DNA/RNA 
from 16 Viruses and 6 Bacteria in respiratory samples 
from patients with signs and symptoms of respiratory 
infection. Pathogens were detected with the VIASURE 
Respiratory Panel (Table1).
Respiratory Panel Detection Kit: VIASURE 
Respiratory Panel III Real Time PCR Detection Kit 
contained all the components necessary for real time 
PCR assay (A mix of enzymes, primers, probes, buffer, 
dNTPs, stabilizers and internal control in stabilized 
format) in each well. Rehydration buffer is used to 
reconstitute the stabilized product, positive control and 
negative control. RNAse/DNAse free water and 
Optical caps for sealing wells during thermal cycling 
were included in the kit also. 

PCR Technique: Nucleic acid (RNA/DNA) extraction 
was performed from samples either by using nucleic 
acid extraction kit manually or by auto-extraction 
machine according to manufacturer instructions13. 
Nucleic acids (RNA/DNA) were isolated by 
amplification of a conserved region of the specific 
genes using specific primers and fluorescent–labelled 
probes, which then used for Respiratory pathogens 
identification. To reconstitute the number of wells 

needed, 15μL of Rehydration Buffer is added into each 
well. Then, 5μL of RNA/DNA sample, reconstituted 
Respiratory Panel III Positive Control or Negative 
Control were added in different wells and closed them 
with the provided caps. Finally, the plate or the strips 
were loaded in the thermal cycler for amplification. 
The thermocycler (either Lightcycler, Cobas Z480, 
RotorGeneQ 6000) was programmed for 40 cycles for 
DNA amplification (Table 2).
Finally, the amplified RNA/DNA was determined 
using fluorescent signals of the samples and observed 
in Real Time on the FAM, ROX, Cy5 and/or HEX 
(JOE or VIC) channels. The analysis of the samples 
and controls are done by the software used by the real 
time PCR equipment itself following manufacturer´s 
manual13.
Findings Interpretation: Amplification curves of 
detected pathogens were viewed with corresponding 
cycle threshold (CT) and endpoint fluorescence (EP) 
values. The overall procedures took approximately 
four hours (4h) for a single test13. Results were read, 
analyzed and interpreted according to manufacturer 
instruction (Table 3).
Statistical Analysis: Statistical analysis was 
performed by Windows based software named as 
Statistical Package for Social Science (SPSS), versions 
22.0 (IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY: IBM Corp.). Categorical data were 
summarized in terms of frequency counts and 
percentages. Continuous data were expressed as mean, 
standard deviation, minimum and maximum.
Ethical Clearance: Ethical approval for the study was 
obtained from the Square Hospitals Ltd., Dhaka, 
Bangladesh Medical Review Board. All methods were 
performed in accordance with the relevant guidelines 
and regulations. All procedures of the present study 
were carried out in accordance with the principles for 
human investigations (i.e., Helsinki Declaration 2013) 
and also with the ethical guidelines of the Institutional 
research ethics. Participants in the study were 
informed about the procedure and purpose of the study 
and confidentiality of information provided. All 
participants consented willingly to be a part of the 
study during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system.

Results
A total of 569 Nasopharyngeal or Oropharyngeal swab 
samples were collected from patients with Respiratory 
Tract Infection (RTI) during our eight (8) months of 

study period from March to October, 2023. Of the 569 
samples tested; 442(77.7%) had single/multiple of 
listed virus/bacteria in the panel and 127(22.3%) 
samples were negative for any pathogens (Figure I).

Over the entire study period, total 784 respiratory 
pathogens including viruses and bacteria either single 
or in-combination were detected from 442 positive 
samples.  The results vary between children and adults, 
as shown in (Table 4). Both in adult and children 
group, bacteria were isolated more than viruses. 
Streptococcus pneumoniae (SPN) was the highest in 
number among >18 years (53%) of age compared to 
<18 years (38%). Haemophilus influenzae (HI) and 
Moraxella catarrhalis (MC) were also higher than any 
virus in children but less than Influenza A virus in 
adult. Mycoplasma pneumoniae (MP), represented as 
an atypical bacteria causing pneumonia was found 
more among adult than in children. Study showed 
Respiratory syncytial virus (RSV) more prevalent in 
children (20.0%) than in adult (15.0%), whereas 
Influenza A and Influenza B virus higher among adult 
(36.5%; 14.0%) compared to children (18.0%; 11.0%). 
Isolation of all other viruses found higher in children 
than in adult except Human Metapneumovirus 
(HMPV) and different types of Coronavirus. Of the 
positive isolates, detection of more than one 
respiratory pathogen was found in 531/784 (68.0%) 
with a higher co-detection rate in the children’s group 
(75.2%) than in the adult group (64.5%).
Respiratory panel test detected total 330 viruses in this 

study. The most frequently reported respiratory viruses 
were influenza A (100) followed by Respiratory 
Syncytial Virus A/B (56), Rhinovirus (49), Influenza B 
(43), Adenovirus (18), Enterovirus (16) and Human 
Metapneumovirus (13) respectively. The detection 
rates of other respiratory viruses were less than 10 in 
number (Figure III).

VIASURE multiplex real-time RT-PCR assay was 
applied to detect 3 typical and 3 atypical bacteria 
simultaneously. A total of 454 (57.9%) bacteria were 
identified, of which 3 typical and only one atypical 
bacteria, specifically Mycoplasma pneumoniae (4.0%). 
Among typical ones, most prevalent was Streptococcus 

pneumoniae (48%) followed by Haemophilus 
influenzae (26.0%) and Moraxella catarrhalis (22.0%). 
Other two atypical bacteria like Chlamydia 
pneumoniae (CP) and Legionella pneumophila (LP) 
were not found in our study (Figure IV).

The assay detected 49.5% (219) positive cases with 
single bacterial or viral infection, while more than one 
respiratory pathogen in 50.5% (223) of the detected 
samples. Bacterial-viral co-detections were found most 
prevalent (167) followed by bacterial-bacterial (46) 
and Viral co-infections (10) (Figure V).

A total of 46bacterial co-infections were detected by 
multiplex RT-PCR used in this study, mostly involving 
Streptococcus pneumoniae and Haemophilus 
influenzae. The most commonly prevailed co-infection 
was Streptococcus pneumoniae combined with 
Moraxella catarrhalis (39%), followed by 
Streptococcus pneumoniae plus Haemophilus 
influenzae (31.0%). A triple combination of 
Streptococcus pneumoniae, Moraxella catarrhalis and 
Haemophilus influenzae took third position (11%). 
Mycoplasma pneumoniae also being part of double 
and triple co-infections (Figure VI).

We found total 10 viral co-detections, of which 7 were 
dual, 2 triple and 1 quadruple infections, one each in 
all combinations (Table 5).
The complexity of 167 virus-bacteria co-infections can 
be subdivided into 93 cases of dual infections, 53 triple 
infections, 15 quadruple infections and 6 quintuple 
Infections. Among double combinations, 25 cases has 
Influenza A combined with Streptococcus pneumoniae, 
10 cases of RSV with Streptococcus pneumoniae, 7 
cases of Influenza A with Haemophilus influenzae, 06 
cases of each Streptococcus pneumoniae combined 

with either Influenza B or Rhinovirus and 05 cases of 
each found Influenza A and Moraxella catarrhalis, 
Influenza B and Moraxella catarrhalis, RSV and 
Haemophilus influenzae (Table 6).
Of total 53 triple infections, most prevalent 
co-infection found Influenza A combined with 
Haemophilus influenzae and Streptococcus 
pneumoniae (9). Other 26 combinations have highest 
isolation of Streptococcus pneumoniae (Table 7).
We detected 15 cases of quadruple combinations, of 
which Streptococcus pneumoniae and Influenza A virus 
were found in most cases (Table 8).
Among 6 cases with five pathogens, Streptococcus 
pneumoniae, Moraxella catarrhalis, Haemophilus 
influenzae and Influenza A combined with RV in 2 
cases and RSV in one case. Other three also has 
Streptococcus pneumoniae with other different viruses 
and bacteria (Table 9).

Discussion
Respiratory infections due to various causes was found 
in Bangladesh. This study provides a glimpse of such 
infections from a substantial number of samples from 
patients with suspected pulmonary infection. A 
Multiplex RT-PCR method is used to detect 
Respiratory viruses and bacteria among adults and 
children. The outbreak of SARS, the threat of human 
avian H5N1 influenza virus cases, presence of H1N1 
influenza A and the recent 2020 Covid-19 pandemic 
has heighten the need for improved diagnostic tests for 
respiratory pathogens15.
Molecular assays for identification and simultaneous 
detection of common respiratory pathogens are now 
widely used, replacing many conventional diagnostic 
methods. The main impact of this multiplex PCR was 
its broader spectrum of detection16. In the current 
study, we can detect 22 selected respiratory pathogens 
causing acute respiratory infections in clinical practice 
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and provided the widest spectrum ever reported. 
Multiplex RT-PCR assays display a variety of benefits, 
including a significant reduction in the turnaround 
time with results being available within the same day 
of specimen collection and become more economical 
as multiple pathogens can be detected in a single 
assay17. A nucleic acid extraction kit was used to 
extract both DNA and RNA simultaneously and the 
study can be done with small amount of samples, 
along with minimizing time, labor, and materials 
involved in nucleic acid extraction. Our reporting time 
of 4 hour was consistent with outcomes reported in 
previous studies where reporting mean time was 3.1 
hour18. The present study results showed an increase in 
diagnosis within designated TAT that help in timely 
implementation of isolation precaution and judicious 
use of antimicrobials.
Acute respiratory infections are caused by a complex 
array of pathogens, most commonly viruses and 
bacteria, as well as atypical microorganisms like 
Mycoplasma and Chlamydia18,19. Furthermore, clinical 
diagnosis is complicated with co-infection of several 
pathogens leading to treatment difficulty of acute 
respiratory infection20. In this study, 569 
nasopharyngeal and oropharyngeal specimens were 
collected and analyzed with VIASURE Multiplex 
Respiratory panel over a period of eight months. The 
overall results revealed a positive rate of 77.7%, in 
agreement with the range of positive rates (33.39 to 
65.2%) reported in other studies1,21.  Both virus and 
bacteria are identified among these positive samples 
either single or in combination, leads to total detection 
of 784 organisms responsible for ARIs. Of them, 70% 
were from adult and 30% belong to children which is 
contrast to other studies where positivity rate was more 
in pediatric patients than in adult22,23. Respiratory tract 
infection accounts for a majority of the admissions in 
acute care hospitals and like other studies we also 
found more than half of both respiratory bacteria and 
virus in critical care than in wards and outpatient 
department17.
Virus has found at a rate of 42.1% which is higher than 
the reported previous studies23,24. This can be at least 
partially explained by the use of a sensitive multiplex 
RT-PCR, which can detect 16 different viruses and 
improve the diagnostic yield. Of them, approximately 
one-third were Influenza A (33%) virus in all age 
groups. Other important viruses detected are RSV in 
19.0% of positive samples followed by Rhinovirus in 
16.0% of positive samples and Influenza B which 

represented 14.0% of positive cases. These results are 
in line with surveillance studies done by the Centers 
for Disease Control and Prevention (CDC), which 
indicated that 99.8% of influenza viruses isolated were 
type A and 0.2% were type B25. The findings of the 
present study did not agree with studies by 
Brittain-Long et al26 where they found Rhinovirus as 
highest isolation followed by Influenza A virus, and 
RSV.  Avcu et al27 also reported that viral agents were 
detected in 83.3% of patients by molecular methods 
and RSV has been reported as the most common agent. 
Rapid molecular diagnostic tests for relevant bacterial 
pathogens in addition to viral targets can limit 
antibacterial therapy28. More bacteria were isolated 
than virus in both age group with highest prevalence of 
Streptococcus pneumonia in this study. Haemophilus 
influenzae and Moraxella catarrhalis were more than 
any virus in children but less than Influenza A virus in 
adult. These results are in line with former report29. We 
detect Mycoplasma pneumoniae at a rate of 2.8%. 
Previous studies have reported varying detection rates 
of Mycoplasma pneumoniae: 1.7% (adults and 
children in U.S.) to 7.1% (adults in Shanghai, China) 
which might be attributed to the difference in 
collection sites30,31. 
Various studies found that at least one viral or bacterial 
respiratory pathogen detection rate ranged from 41.8% 
to 78.6%, which is in accordance with our findings of 
49.5% positivity. Co-infection has been found in 
31.0% to 51.8% of positive respiratory samples in 
previous studies19,20,22,32,33.  In our study, a higher rate of 
68.0% co-infection was detected. Of them, children 
belong the highest which is almost similar with 
previously published data34-35. We detect three types of 
co-infection including Viral/viral (10), 
Bacterial/bacterial (46) and viral/bacterial (167) with 
2, 3, 4, and up to 5 different combinations. The 
specific and sensitive detection of this study revealed 
that, of 167 mixed infections; 93 were dual, 53 triple, 
15 quadruple and 6 quintuple positive samples. Only 
dual and triple combinations are found among 
viral/viral and bacterial/bacterial co-detected samples. 
The largest proportion of co-detected pathogens was 
Influenza A combined with Streptococcus pneumonia 
(25) followed by Streptococcus pneumonia and 
Moraxella catarrhalis (18), Streptococcus pneumonia 
and Haemophilus influenzae (14) and RSV combined 
with Streptococcus pneumonia (10), similar evidence 
were provided by other independent studies7,8,10,12,17,36. 
This study found three patients with quadruple 

infections detected as Influenza A combined with 
Streptococcus pneumoniae, Haemophilus influenzae, 
and Moraxella catarrhalis; two cases of quintuple 
infections included Influenza A/RV and Streptococcus 
pneumonia / Haemophilus influenzae / Moraxella 
catarrhalis. Such findings constitute strong evidence to 
support that hospitalized patients with acute 
respiratory infections are likely to be infected by more 
than one pathogen. However, the predominance of  
bacteria include Streptococcus pneumonia, 
Haemophilus influenzae and viruses include Influenza, 
RV and RSV in our single and multiple detections, all 
these findings are in line with previously published 
data9-11,17,24. There is no doubt that this multiplex 
real-time PCR assay will significantly expand the 
diagnostic potential for a careful evaluation of 
concomitant bacterial infection to patients with 
positive results of viral examination, thus help 
clinicians to adopt rapid and accurate antibiotic 
treatment regimens.
There were several limitations to our study. First, the 
retrospective design may have led to an inevitable 
selection bias. Second, our specimens are collected 
from a single location over eight months which may 
limit the general applicability of the findings and 
seasonal variation cannot be detected. Third, analyzing 
the clinical feature was beyond the scope of this study 
and thus the demographic data, clinical presentation 
with severity and length of hospitalization were not 
provided in our results. Fourth, commercial assays 
used in this study are invariably expensive and 
difficult to implement in resource poor settings, also 
cannot be quickly modified when new pathogens or 
new strains of known pathogens emerge which are 
missed by the existing assays.
 
Conclusion
In conclusion, the prevalence of respiratory pathogens 
in this institution is high with Respiratory Panel, of 
which majority is bacteria. Influenza virus, RSV and 
RV/EV are the most important viral agents of ARIs, 
while among bacteria, Streptococcus pneumoniae is 
the highest isolated followed by Haemophilus 
influenzae and Moraxella catarrhalis. The only 
atypical bacteria identified is Mycoplasma 
pneumoniae. Present study has detected in half of 
co-infection of which higher rate is in children. 
Bacterial-viral co-detections has found most prevalent 
followed by bacterial-bacterial and viral co-infections. 
Due to similarities of viral and bacterial ARIs with 

inconclusive laboratory findings, a diagnostic dilemma 
appears. Implementation of Panel test detect different 
respiratory pathogens simultaneously, provides rapid 
and high-yield results which can guide diagnosis and 
enhance a more rational use of antibiotics and/or 
antivirals. Future prospective studies for further 
assessing the impact of Respiratory Panel on outcomes 
including correct, timely diagnosis, use or misuse of 
antibiotics, minimizing other diagnostic tests, length of 
hospital stay and clinical course is recommended.
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Introduction
Acute Respiratory Infection (ARI), ranging from 
common cold to severe pneumonia is the major cause 
of outpatient visits and hospitalizations in all age 

categories worldwide, many of which are associated 
with significant morbidity and mortality particularly in 
children, elderly and immunocompromised 
individual1. A large heterogeneous group of typical or 
atypical bacteria and viruses are responsible for these 
ARIs that produce similar clinical presentations and 
put physicians into a diagnostic dilemma. Viral 
infections, however accounts for approximate 80.0% 
of ARIs with influenza virus, respiratory syncytial 
virus, rhinovirus and respiratory adenovirus being the 

most common pathogens2-4. Pneumonia is the most 
common nosocomial infection in the intensive care 
unit (ICU) and half of deaths from pneumonia are 
attributable to bacterial infections5-6. Highly infectious 
pathogenic typical bacteria include Streptococcus 
pneumoniae, Haemophilus influenzae and Moraxella 
catarrhalis. In addition, atypical bacteria specifically 
Mycoplasma pneumoniae is responsible for 10.0 to 
30.0% of community-acquired pneumonia7-9.
The human respiratory tract hosts co-circulating 
pathogens that causes ARIs with combination of 
virus/virus, bacteria/bacteria and virus/bacteria, 
leading to patient’s poor outcome10. The accurate and 
rapid detection of causative organisms is helpful in 
selecting appropriate antiviral or anti-bacterial 
treatment in time, that improve patient prognosis, 
prevent overuse of antibiotics and control the outbreak 
of contagious pathogens. Due to the diversity and 
complexity of infectious pathogens and overlapping 
sign-symptoms, specific diagnosis of ARI relies almost 
entirely on laboratory investigation. 
Conventional diagnostic methods such as bacterial 
culture, targeted polymerase-chain reaction (PCR) 
assays, rapid viral antigen tests, viral culture and direct 
fluorescent antibody test have some limitations in 
comprehensiveness, accuracy, and/or timeliness of 
results to guide clinical decisions while fail to 
establish an etiological diagnosis for more than50.0% 
of patients11. Among new molecular technologies, 
Multiplex RT-PCR assays are fast, accurate, able to 
detect non-cultivable organisms, can identify multiple 
respiratory viruses and bacteria in a single run within 
few hours12. Thus, it helps clinicians to distinguish ARI 
due to viral and/or bacterial origin and assist in 
delivering proper treatment to patients. A multiplex 
RT-PCR could simultaneously detect a panel of 22 
different respiratory pathogens that included influenza 
virus A (FluA),  influenza virus B (FluB), 
parainfluenza virus (PIV-1,2,3,4), human respiratory 
syncytial viruses (RSV),  human adenoviruses (AdVs), 
human metapneumoviruses (HMPV), human 
coronaviruses (HCoVs-NL63, HKU 1, 229E, OC43), 
human enteroviruses (EVs), human rhinoviruses (RVs) 
and bocaviruses (BoV) as well as the fastidious 
respiratory bacteria including Streptococcus 
pneumoniae, Haemophilus influenzae, Moraxella 
catarrhalis, Chlamydia pneumoniae, Mycoplasma 
pneumoniae and Legionella pneumophila with their 
co-infections in a single respiratory sample13-14. 
This study was aimed to evaluate efficacy of multiplex 
RT-PCR Respiratory Panel, as an important tool to 

detect multiple respiratory pathogens in a single test 
among all age groups of patients that improve 
etiological diagnosis of ARI in both hospitalized and 
outpatient setting in a tertiary care hospital, 
Bangladesh, rather doing a bundle of routine 
microbiological diagnostic assays.

Methodology
Study Settings and Population: This retrospective 
study was conducted in Molecular Laboratory unit of 
diagnostic Laboratory services of Square Hospital Ltd 
(SHL), Dhaka, Bangladesh from March to October, 
2023 for a period of 8 months. Nasopharyngeal or 
Oropharyngeal swabs were collected in a sterile screw 
capped Centrifuge tube containing sterile Normal 
saline(NS) or Universal transport media (UTM), from 
patients with symptomatic respiratory tract infection 
who were visited or admitted in Critical care, 
Out-patient department (OPD) and In-Patient 
department (IPD) of Square Hospital Ltd., Dhaka, 
Bangladesh. 
Study Procedure: In this study, the multiplex PCR 
assay was done by using detection kit (VIASURE 
Respiratory Panel III Real Time PCR Detection Kit, 

BIOTEC; Genome Dx; Spain) which is designed for 
the specific and qualitative detection of DNA/RNA 
from 16 Viruses and 6 Bacteria in respiratory samples 
from patients with signs and symptoms of respiratory 
infection. Pathogens were detected with the VIASURE 
Respiratory Panel (Table1).
Respiratory Panel Detection Kit: VIASURE 
Respiratory Panel III Real Time PCR Detection Kit 
contained all the components necessary for real time 
PCR assay (A mix of enzymes, primers, probes, buffer, 
dNTPs, stabilizers and internal control in stabilized 
format) in each well. Rehydration buffer is used to 
reconstitute the stabilized product, positive control and 
negative control. RNAse/DNAse free water and 
Optical caps for sealing wells during thermal cycling 
were included in the kit also. 

PCR Technique: Nucleic acid (RNA/DNA) extraction 
was performed from samples either by using nucleic 
acid extraction kit manually or by auto-extraction 
machine according to manufacturer instructions13. 
Nucleic acids (RNA/DNA) were isolated by 
amplification of a conserved region of the specific 
genes using specific primers and fluorescent–labelled 
probes, which then used for Respiratory pathogens 
identification. To reconstitute the number of wells 

needed, 15μL of Rehydration Buffer is added into each 
well. Then, 5μL of RNA/DNA sample, reconstituted 
Respiratory Panel III Positive Control or Negative 
Control were added in different wells and closed them 
with the provided caps. Finally, the plate or the strips 
were loaded in the thermal cycler for amplification. 
The thermocycler (either Lightcycler, Cobas Z480, 
RotorGeneQ 6000) was programmed for 40 cycles for 
DNA amplification (Table 2).
Finally, the amplified RNA/DNA was determined 
using fluorescent signals of the samples and observed 
in Real Time on the FAM, ROX, Cy5 and/or HEX 
(JOE or VIC) channels. The analysis of the samples 
and controls are done by the software used by the real 
time PCR equipment itself following manufacturer´s 
manual13.
Findings Interpretation: Amplification curves of 
detected pathogens were viewed with corresponding 
cycle threshold (CT) and endpoint fluorescence (EP) 
values. The overall procedures took approximately 
four hours (4h) for a single test13. Results were read, 
analyzed and interpreted according to manufacturer 
instruction (Table 3).
Statistical Analysis: Statistical analysis was 
performed by Windows based software named as 
Statistical Package for Social Science (SPSS), versions 
22.0 (IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY: IBM Corp.). Categorical data were 
summarized in terms of frequency counts and 
percentages. Continuous data were expressed as mean, 
standard deviation, minimum and maximum.
Ethical Clearance: Ethical approval for the study was 
obtained from the Square Hospitals Ltd., Dhaka, 
Bangladesh Medical Review Board. All methods were 
performed in accordance with the relevant guidelines 
and regulations. All procedures of the present study 
were carried out in accordance with the principles for 
human investigations (i.e., Helsinki Declaration 2013) 
and also with the ethical guidelines of the Institutional 
research ethics. Participants in the study were 
informed about the procedure and purpose of the study 
and confidentiality of information provided. All 
participants consented willingly to be a part of the 
study during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system.

Results
A total of 569 Nasopharyngeal or Oropharyngeal swab 
samples were collected from patients with Respiratory 
Tract Infection (RTI) during our eight (8) months of 

study period from March to October, 2023. Of the 569 
samples tested; 442(77.7%) had single/multiple of 
listed virus/bacteria in the panel and 127(22.3%) 
samples were negative for any pathogens (Figure I).

Over the entire study period, total 784 respiratory 
pathogens including viruses and bacteria either single 
or in-combination were detected from 442 positive 
samples.  The results vary between children and adults, 
as shown in (Table 4). Both in adult and children 
group, bacteria were isolated more than viruses. 
Streptococcus pneumoniae (SPN) was the highest in 
number among >18 years (53%) of age compared to 
<18 years (38%). Haemophilus influenzae (HI) and 
Moraxella catarrhalis (MC) were also higher than any 
virus in children but less than Influenza A virus in 
adult. Mycoplasma pneumoniae (MP), represented as 
an atypical bacteria causing pneumonia was found 
more among adult than in children. Study showed 
Respiratory syncytial virus (RSV) more prevalent in 
children (20.0%) than in adult (15.0%), whereas 
Influenza A and Influenza B virus higher among adult 
(36.5%; 14.0%) compared to children (18.0%; 11.0%). 
Isolation of all other viruses found higher in children 
than in adult except Human Metapneumovirus 
(HMPV) and different types of Coronavirus. Of the 
positive isolates, detection of more than one 
respiratory pathogen was found in 531/784 (68.0%) 
with a higher co-detection rate in the children’s group 
(75.2%) than in the adult group (64.5%).
Respiratory panel test detected total 330 viruses in this 

study. The most frequently reported respiratory viruses 
were influenza A (100) followed by Respiratory 
Syncytial Virus A/B (56), Rhinovirus (49), Influenza B 
(43), Adenovirus (18), Enterovirus (16) and Human 
Metapneumovirus (13) respectively. The detection 
rates of other respiratory viruses were less than 10 in 
number (Figure III).

VIASURE multiplex real-time RT-PCR assay was 
applied to detect 3 typical and 3 atypical bacteria 
simultaneously. A total of 454 (57.9%) bacteria were 
identified, of which 3 typical and only one atypical 
bacteria, specifically Mycoplasma pneumoniae (4.0%). 
Among typical ones, most prevalent was Streptococcus 

pneumoniae (48%) followed by Haemophilus 
influenzae (26.0%) and Moraxella catarrhalis (22.0%). 
Other two atypical bacteria like Chlamydia 
pneumoniae (CP) and Legionella pneumophila (LP) 
were not found in our study (Figure IV).

The assay detected 49.5% (219) positive cases with 
single bacterial or viral infection, while more than one 
respiratory pathogen in 50.5% (223) of the detected 
samples. Bacterial-viral co-detections were found most 
prevalent (167) followed by bacterial-bacterial (46) 
and Viral co-infections (10) (Figure V).

A total of 46bacterial co-infections were detected by 
multiplex RT-PCR used in this study, mostly involving 
Streptococcus pneumoniae and Haemophilus 
influenzae. The most commonly prevailed co-infection 
was Streptococcus pneumoniae combined with 
Moraxella catarrhalis (39%), followed by 
Streptococcus pneumoniae plus Haemophilus 
influenzae (31.0%). A triple combination of 
Streptococcus pneumoniae, Moraxella catarrhalis and 
Haemophilus influenzae took third position (11%). 
Mycoplasma pneumoniae also being part of double 
and triple co-infections (Figure VI).

We found total 10 viral co-detections, of which 7 were 
dual, 2 triple and 1 quadruple infections, one each in 
all combinations (Table 5).
The complexity of 167 virus-bacteria co-infections can 
be subdivided into 93 cases of dual infections, 53 triple 
infections, 15 quadruple infections and 6 quintuple 
Infections. Among double combinations, 25 cases has 
Influenza A combined with Streptococcus pneumoniae, 
10 cases of RSV with Streptococcus pneumoniae, 7 
cases of Influenza A with Haemophilus influenzae, 06 
cases of each Streptococcus pneumoniae combined 

with either Influenza B or Rhinovirus and 05 cases of 
each found Influenza A and Moraxella catarrhalis, 
Influenza B and Moraxella catarrhalis, RSV and 
Haemophilus influenzae (Table 6).
Of total 53 triple infections, most prevalent 
co-infection found Influenza A combined with 
Haemophilus influenzae and Streptococcus 
pneumoniae (9). Other 26 combinations have highest 
isolation of Streptococcus pneumoniae (Table 7).
We detected 15 cases of quadruple combinations, of 
which Streptococcus pneumoniae and Influenza A virus 
were found in most cases (Table 8).
Among 6 cases with five pathogens, Streptococcus 
pneumoniae, Moraxella catarrhalis, Haemophilus 
influenzae and Influenza A combined with RV in 2 
cases and RSV in one case. Other three also has 
Streptococcus pneumoniae with other different viruses 
and bacteria (Table 9).

Discussion
Respiratory infections due to various causes was found 
in Bangladesh. This study provides a glimpse of such 
infections from a substantial number of samples from 
patients with suspected pulmonary infection. A 
Multiplex RT-PCR method is used to detect 
Respiratory viruses and bacteria among adults and 
children. The outbreak of SARS, the threat of human 
avian H5N1 influenza virus cases, presence of H1N1 
influenza A and the recent 2020 Covid-19 pandemic 
has heighten the need for improved diagnostic tests for 
respiratory pathogens15.
Molecular assays for identification and simultaneous 
detection of common respiratory pathogens are now 
widely used, replacing many conventional diagnostic 
methods. The main impact of this multiplex PCR was 
its broader spectrum of detection16. In the current 
study, we can detect 22 selected respiratory pathogens 
causing acute respiratory infections in clinical practice 
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and provided the widest spectrum ever reported. 
Multiplex RT-PCR assays display a variety of benefits, 
including a significant reduction in the turnaround 
time with results being available within the same day 
of specimen collection and become more economical 
as multiple pathogens can be detected in a single 
assay17. A nucleic acid extraction kit was used to 
extract both DNA and RNA simultaneously and the 
study can be done with small amount of samples, 
along with minimizing time, labor, and materials 
involved in nucleic acid extraction. Our reporting time 
of 4 hour was consistent with outcomes reported in 
previous studies where reporting mean time was 3.1 
hour18. The present study results showed an increase in 
diagnosis within designated TAT that help in timely 
implementation of isolation precaution and judicious 
use of antimicrobials.
Acute respiratory infections are caused by a complex 
array of pathogens, most commonly viruses and 
bacteria, as well as atypical microorganisms like 
Mycoplasma and Chlamydia18,19. Furthermore, clinical 
diagnosis is complicated with co-infection of several 
pathogens leading to treatment difficulty of acute 
respiratory infection20. In this study, 569 
nasopharyngeal and oropharyngeal specimens were 
collected and analyzed with VIASURE Multiplex 
Respiratory panel over a period of eight months. The 
overall results revealed a positive rate of 77.7%, in 
agreement with the range of positive rates (33.39 to 
65.2%) reported in other studies1,21.  Both virus and 
bacteria are identified among these positive samples 
either single or in combination, leads to total detection 
of 784 organisms responsible for ARIs. Of them, 70% 
were from adult and 30% belong to children which is 
contrast to other studies where positivity rate was more 
in pediatric patients than in adult22,23. Respiratory tract 
infection accounts for a majority of the admissions in 
acute care hospitals and like other studies we also 
found more than half of both respiratory bacteria and 
virus in critical care than in wards and outpatient 
department17.
Virus has found at a rate of 42.1% which is higher than 
the reported previous studies23,24. This can be at least 
partially explained by the use of a sensitive multiplex 
RT-PCR, which can detect 16 different viruses and 
improve the diagnostic yield. Of them, approximately 
one-third were Influenza A (33%) virus in all age 
groups. Other important viruses detected are RSV in 
19.0% of positive samples followed by Rhinovirus in 
16.0% of positive samples and Influenza B which 

represented 14.0% of positive cases. These results are 
in line with surveillance studies done by the Centers 
for Disease Control and Prevention (CDC), which 
indicated that 99.8% of influenza viruses isolated were 
type A and 0.2% were type B25. The findings of the 
present study did not agree with studies by 
Brittain-Long et al26 where they found Rhinovirus as 
highest isolation followed by Influenza A virus, and 
RSV.  Avcu et al27 also reported that viral agents were 
detected in 83.3% of patients by molecular methods 
and RSV has been reported as the most common agent. 
Rapid molecular diagnostic tests for relevant bacterial 
pathogens in addition to viral targets can limit 
antibacterial therapy28. More bacteria were isolated 
than virus in both age group with highest prevalence of 
Streptococcus pneumonia in this study. Haemophilus 
influenzae and Moraxella catarrhalis were more than 
any virus in children but less than Influenza A virus in 
adult. These results are in line with former report29. We 
detect Mycoplasma pneumoniae at a rate of 2.8%. 
Previous studies have reported varying detection rates 
of Mycoplasma pneumoniae: 1.7% (adults and 
children in U.S.) to 7.1% (adults in Shanghai, China) 
which might be attributed to the difference in 
collection sites30,31. 
Various studies found that at least one viral or bacterial 
respiratory pathogen detection rate ranged from 41.8% 
to 78.6%, which is in accordance with our findings of 
49.5% positivity. Co-infection has been found in 
31.0% to 51.8% of positive respiratory samples in 
previous studies19,20,22,32,33.  In our study, a higher rate of 
68.0% co-infection was detected. Of them, children 
belong the highest which is almost similar with 
previously published data34-35. We detect three types of 
co-infection including Viral/viral (10), 
Bacterial/bacterial (46) and viral/bacterial (167) with 
2, 3, 4, and up to 5 different combinations. The 
specific and sensitive detection of this study revealed 
that, of 167 mixed infections; 93 were dual, 53 triple, 
15 quadruple and 6 quintuple positive samples. Only 
dual and triple combinations are found among 
viral/viral and bacterial/bacterial co-detected samples. 
The largest proportion of co-detected pathogens was 
Influenza A combined with Streptococcus pneumonia 
(25) followed by Streptococcus pneumonia and 
Moraxella catarrhalis (18), Streptococcus pneumonia 
and Haemophilus influenzae (14) and RSV combined 
with Streptococcus pneumonia (10), similar evidence 
were provided by other independent studies7,8,10,12,17,36. 
This study found three patients with quadruple 

infections detected as Influenza A combined with 
Streptococcus pneumoniae, Haemophilus influenzae, 
and Moraxella catarrhalis; two cases of quintuple 
infections included Influenza A/RV and Streptococcus 
pneumonia / Haemophilus influenzae / Moraxella 
catarrhalis. Such findings constitute strong evidence to 
support that hospitalized patients with acute 
respiratory infections are likely to be infected by more 
than one pathogen. However, the predominance of  
bacteria include Streptococcus pneumonia, 
Haemophilus influenzae and viruses include Influenza, 
RV and RSV in our single and multiple detections, all 
these findings are in line with previously published 
data9-11,17,24. There is no doubt that this multiplex 
real-time PCR assay will significantly expand the 
diagnostic potential for a careful evaluation of 
concomitant bacterial infection to patients with 
positive results of viral examination, thus help 
clinicians to adopt rapid and accurate antibiotic 
treatment regimens.
There were several limitations to our study. First, the 
retrospective design may have led to an inevitable 
selection bias. Second, our specimens are collected 
from a single location over eight months which may 
limit the general applicability of the findings and 
seasonal variation cannot be detected. Third, analyzing 
the clinical feature was beyond the scope of this study 
and thus the demographic data, clinical presentation 
with severity and length of hospitalization were not 
provided in our results. Fourth, commercial assays 
used in this study are invariably expensive and 
difficult to implement in resource poor settings, also 
cannot be quickly modified when new pathogens or 
new strains of known pathogens emerge which are 
missed by the existing assays.
 
Conclusion
In conclusion, the prevalence of respiratory pathogens 
in this institution is high with Respiratory Panel, of 
which majority is bacteria. Influenza virus, RSV and 
RV/EV are the most important viral agents of ARIs, 
while among bacteria, Streptococcus pneumoniae is 
the highest isolated followed by Haemophilus 
influenzae and Moraxella catarrhalis. The only 
atypical bacteria identified is Mycoplasma 
pneumoniae. Present study has detected in half of 
co-infection of which higher rate is in children. 
Bacterial-viral co-detections has found most prevalent 
followed by bacterial-bacterial and viral co-infections. 
Due to similarities of viral and bacterial ARIs with 

inconclusive laboratory findings, a diagnostic dilemma 
appears. Implementation of Panel test detect different 
respiratory pathogens simultaneously, provides rapid 
and high-yield results which can guide diagnosis and 
enhance a more rational use of antibiotics and/or 
antivirals. Future prospective studies for further 
assessing the impact of Respiratory Panel on outcomes 
including correct, timely diagnosis, use or misuse of 
antibiotics, minimizing other diagnostic tests, length of 
hospital stay and clinical course is recommended.
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Introduction
Acute Respiratory Infection (ARI), ranging from 
common cold to severe pneumonia is the major cause 
of outpatient visits and hospitalizations in all age 

categories worldwide, many of which are associated 
with significant morbidity and mortality particularly in 
children, elderly and immunocompromised 
individual1. A large heterogeneous group of typical or 
atypical bacteria and viruses are responsible for these 
ARIs that produce similar clinical presentations and 
put physicians into a diagnostic dilemma. Viral 
infections, however accounts for approximate 80.0% 
of ARIs with influenza virus, respiratory syncytial 
virus, rhinovirus and respiratory adenovirus being the 

most common pathogens2-4. Pneumonia is the most 
common nosocomial infection in the intensive care 
unit (ICU) and half of deaths from pneumonia are 
attributable to bacterial infections5-6. Highly infectious 
pathogenic typical bacteria include Streptococcus 
pneumoniae, Haemophilus influenzae and Moraxella 
catarrhalis. In addition, atypical bacteria specifically 
Mycoplasma pneumoniae is responsible for 10.0 to 
30.0% of community-acquired pneumonia7-9.
The human respiratory tract hosts co-circulating 
pathogens that causes ARIs with combination of 
virus/virus, bacteria/bacteria and virus/bacteria, 
leading to patient’s poor outcome10. The accurate and 
rapid detection of causative organisms is helpful in 
selecting appropriate antiviral or anti-bacterial 
treatment in time, that improve patient prognosis, 
prevent overuse of antibiotics and control the outbreak 
of contagious pathogens. Due to the diversity and 
complexity of infectious pathogens and overlapping 
sign-symptoms, specific diagnosis of ARI relies almost 
entirely on laboratory investigation. 
Conventional diagnostic methods such as bacterial 
culture, targeted polymerase-chain reaction (PCR) 
assays, rapid viral antigen tests, viral culture and direct 
fluorescent antibody test have some limitations in 
comprehensiveness, accuracy, and/or timeliness of 
results to guide clinical decisions while fail to 
establish an etiological diagnosis for more than50.0% 
of patients11. Among new molecular technologies, 
Multiplex RT-PCR assays are fast, accurate, able to 
detect non-cultivable organisms, can identify multiple 
respiratory viruses and bacteria in a single run within 
few hours12. Thus, it helps clinicians to distinguish ARI 
due to viral and/or bacterial origin and assist in 
delivering proper treatment to patients. A multiplex 
RT-PCR could simultaneously detect a panel of 22 
different respiratory pathogens that included influenza 
virus A (FluA),  influenza virus B (FluB), 
parainfluenza virus (PIV-1,2,3,4), human respiratory 
syncytial viruses (RSV),  human adenoviruses (AdVs), 
human metapneumoviruses (HMPV), human 
coronaviruses (HCoVs-NL63, HKU 1, 229E, OC43), 
human enteroviruses (EVs), human rhinoviruses (RVs) 
and bocaviruses (BoV) as well as the fastidious 
respiratory bacteria including Streptococcus 
pneumoniae, Haemophilus influenzae, Moraxella 
catarrhalis, Chlamydia pneumoniae, Mycoplasma 
pneumoniae and Legionella pneumophila with their 
co-infections in a single respiratory sample13-14. 
This study was aimed to evaluate efficacy of multiplex 
RT-PCR Respiratory Panel, as an important tool to 

detect multiple respiratory pathogens in a single test 
among all age groups of patients that improve 
etiological diagnosis of ARI in both hospitalized and 
outpatient setting in a tertiary care hospital, 
Bangladesh, rather doing a bundle of routine 
microbiological diagnostic assays.

Methodology
Study Settings and Population: This retrospective 
study was conducted in Molecular Laboratory unit of 
diagnostic Laboratory services of Square Hospital Ltd 
(SHL), Dhaka, Bangladesh from March to October, 
2023 for a period of 8 months. Nasopharyngeal or 
Oropharyngeal swabs were collected in a sterile screw 
capped Centrifuge tube containing sterile Normal 
saline(NS) or Universal transport media (UTM), from 
patients with symptomatic respiratory tract infection 
who were visited or admitted in Critical care, 
Out-patient department (OPD) and In-Patient 
department (IPD) of Square Hospital Ltd., Dhaka, 
Bangladesh. 
Study Procedure: In this study, the multiplex PCR 
assay was done by using detection kit (VIASURE 
Respiratory Panel III Real Time PCR Detection Kit, 

BIOTEC; Genome Dx; Spain) which is designed for 
the specific and qualitative detection of DNA/RNA 
from 16 Viruses and 6 Bacteria in respiratory samples 
from patients with signs and symptoms of respiratory 
infection. Pathogens were detected with the VIASURE 
Respiratory Panel (Table1).
Respiratory Panel Detection Kit: VIASURE 
Respiratory Panel III Real Time PCR Detection Kit 
contained all the components necessary for real time 
PCR assay (A mix of enzymes, primers, probes, buffer, 
dNTPs, stabilizers and internal control in stabilized 
format) in each well. Rehydration buffer is used to 
reconstitute the stabilized product, positive control and 
negative control. RNAse/DNAse free water and 
Optical caps for sealing wells during thermal cycling 
were included in the kit also. 

PCR Technique: Nucleic acid (RNA/DNA) extraction 
was performed from samples either by using nucleic 
acid extraction kit manually or by auto-extraction 
machine according to manufacturer instructions13. 
Nucleic acids (RNA/DNA) were isolated by 
amplification of a conserved region of the specific 
genes using specific primers and fluorescent–labelled 
probes, which then used for Respiratory pathogens 
identification. To reconstitute the number of wells 

needed, 15μL of Rehydration Buffer is added into each 
well. Then, 5μL of RNA/DNA sample, reconstituted 
Respiratory Panel III Positive Control or Negative 
Control were added in different wells and closed them 
with the provided caps. Finally, the plate or the strips 
were loaded in the thermal cycler for amplification. 
The thermocycler (either Lightcycler, Cobas Z480, 
RotorGeneQ 6000) was programmed for 40 cycles for 
DNA amplification (Table 2).
Finally, the amplified RNA/DNA was determined 
using fluorescent signals of the samples and observed 
in Real Time on the FAM, ROX, Cy5 and/or HEX 
(JOE or VIC) channels. The analysis of the samples 
and controls are done by the software used by the real 
time PCR equipment itself following manufacturer´s 
manual13.
Findings Interpretation: Amplification curves of 
detected pathogens were viewed with corresponding 
cycle threshold (CT) and endpoint fluorescence (EP) 
values. The overall procedures took approximately 
four hours (4h) for a single test13. Results were read, 
analyzed and interpreted according to manufacturer 
instruction (Table 3).
Statistical Analysis: Statistical analysis was 
performed by Windows based software named as 
Statistical Package for Social Science (SPSS), versions 
22.0 (IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY: IBM Corp.). Categorical data were 
summarized in terms of frequency counts and 
percentages. Continuous data were expressed as mean, 
standard deviation, minimum and maximum.
Ethical Clearance: Ethical approval for the study was 
obtained from the Square Hospitals Ltd., Dhaka, 
Bangladesh Medical Review Board. All methods were 
performed in accordance with the relevant guidelines 
and regulations. All procedures of the present study 
were carried out in accordance with the principles for 
human investigations (i.e., Helsinki Declaration 2013) 
and also with the ethical guidelines of the Institutional 
research ethics. Participants in the study were 
informed about the procedure and purpose of the study 
and confidentiality of information provided. All 
participants consented willingly to be a part of the 
study during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system.

Results
A total of 569 Nasopharyngeal or Oropharyngeal swab 
samples were collected from patients with Respiratory 
Tract Infection (RTI) during our eight (8) months of 

study period from March to October, 2023. Of the 569 
samples tested; 442(77.7%) had single/multiple of 
listed virus/bacteria in the panel and 127(22.3%) 
samples were negative for any pathogens (Figure I).

Over the entire study period, total 784 respiratory 
pathogens including viruses and bacteria either single 
or in-combination were detected from 442 positive 
samples.  The results vary between children and adults, 
as shown in (Table 4). Both in adult and children 
group, bacteria were isolated more than viruses. 
Streptococcus pneumoniae (SPN) was the highest in 
number among >18 years (53%) of age compared to 
<18 years (38%). Haemophilus influenzae (HI) and 
Moraxella catarrhalis (MC) were also higher than any 
virus in children but less than Influenza A virus in 
adult. Mycoplasma pneumoniae (MP), represented as 
an atypical bacteria causing pneumonia was found 
more among adult than in children. Study showed 
Respiratory syncytial virus (RSV) more prevalent in 
children (20.0%) than in adult (15.0%), whereas 
Influenza A and Influenza B virus higher among adult 
(36.5%; 14.0%) compared to children (18.0%; 11.0%). 
Isolation of all other viruses found higher in children 
than in adult except Human Metapneumovirus 
(HMPV) and different types of Coronavirus. Of the 
positive isolates, detection of more than one 
respiratory pathogen was found in 531/784 (68.0%) 
with a higher co-detection rate in the children’s group 
(75.2%) than in the adult group (64.5%).
Respiratory panel test detected total 330 viruses in this 

study. The most frequently reported respiratory viruses 
were influenza A (100) followed by Respiratory 
Syncytial Virus A/B (56), Rhinovirus (49), Influenza B 
(43), Adenovirus (18), Enterovirus (16) and Human 
Metapneumovirus (13) respectively. The detection 
rates of other respiratory viruses were less than 10 in 
number (Figure III).

VIASURE multiplex real-time RT-PCR assay was 
applied to detect 3 typical and 3 atypical bacteria 
simultaneously. A total of 454 (57.9%) bacteria were 
identified, of which 3 typical and only one atypical 
bacteria, specifically Mycoplasma pneumoniae (4.0%). 
Among typical ones, most prevalent was Streptococcus 

pneumoniae (48%) followed by Haemophilus 
influenzae (26.0%) and Moraxella catarrhalis (22.0%). 
Other two atypical bacteria like Chlamydia 
pneumoniae (CP) and Legionella pneumophila (LP) 
were not found in our study (Figure IV).

The assay detected 49.5% (219) positive cases with 
single bacterial or viral infection, while more than one 
respiratory pathogen in 50.5% (223) of the detected 
samples. Bacterial-viral co-detections were found most 
prevalent (167) followed by bacterial-bacterial (46) 
and Viral co-infections (10) (Figure V).

A total of 46bacterial co-infections were detected by 
multiplex RT-PCR used in this study, mostly involving 
Streptococcus pneumoniae and Haemophilus 
influenzae. The most commonly prevailed co-infection 
was Streptococcus pneumoniae combined with 
Moraxella catarrhalis (39%), followed by 
Streptococcus pneumoniae plus Haemophilus 
influenzae (31.0%). A triple combination of 
Streptococcus pneumoniae, Moraxella catarrhalis and 
Haemophilus influenzae took third position (11%). 
Mycoplasma pneumoniae also being part of double 
and triple co-infections (Figure VI).

We found total 10 viral co-detections, of which 7 were 
dual, 2 triple and 1 quadruple infections, one each in 
all combinations (Table 5).
The complexity of 167 virus-bacteria co-infections can 
be subdivided into 93 cases of dual infections, 53 triple 
infections, 15 quadruple infections and 6 quintuple 
Infections. Among double combinations, 25 cases has 
Influenza A combined with Streptococcus pneumoniae, 
10 cases of RSV with Streptococcus pneumoniae, 7 
cases of Influenza A with Haemophilus influenzae, 06 
cases of each Streptococcus pneumoniae combined 

with either Influenza B or Rhinovirus and 05 cases of 
each found Influenza A and Moraxella catarrhalis, 
Influenza B and Moraxella catarrhalis, RSV and 
Haemophilus influenzae (Table 6).
Of total 53 triple infections, most prevalent 
co-infection found Influenza A combined with 
Haemophilus influenzae and Streptococcus 
pneumoniae (9). Other 26 combinations have highest 
isolation of Streptococcus pneumoniae (Table 7).
We detected 15 cases of quadruple combinations, of 
which Streptococcus pneumoniae and Influenza A virus 
were found in most cases (Table 8).
Among 6 cases with five pathogens, Streptococcus 
pneumoniae, Moraxella catarrhalis, Haemophilus 
influenzae and Influenza A combined with RV in 2 
cases and RSV in one case. Other three also has 
Streptococcus pneumoniae with other different viruses 
and bacteria (Table 9).

Discussion
Respiratory infections due to various causes was found 
in Bangladesh. This study provides a glimpse of such 
infections from a substantial number of samples from 
patients with suspected pulmonary infection. A 
Multiplex RT-PCR method is used to detect 
Respiratory viruses and bacteria among adults and 
children. The outbreak of SARS, the threat of human 
avian H5N1 influenza virus cases, presence of H1N1 
influenza A and the recent 2020 Covid-19 pandemic 
has heighten the need for improved diagnostic tests for 
respiratory pathogens15.
Molecular assays for identification and simultaneous 
detection of common respiratory pathogens are now 
widely used, replacing many conventional diagnostic 
methods. The main impact of this multiplex PCR was 
its broader spectrum of detection16. In the current 
study, we can detect 22 selected respiratory pathogens 
causing acute respiratory infections in clinical practice 
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and provided the widest spectrum ever reported. 
Multiplex RT-PCR assays display a variety of benefits, 
including a significant reduction in the turnaround 
time with results being available within the same day 
of specimen collection and become more economical 
as multiple pathogens can be detected in a single 
assay17. A nucleic acid extraction kit was used to 
extract both DNA and RNA simultaneously and the 
study can be done with small amount of samples, 
along with minimizing time, labor, and materials 
involved in nucleic acid extraction. Our reporting time 
of 4 hour was consistent with outcomes reported in 
previous studies where reporting mean time was 3.1 
hour18. The present study results showed an increase in 
diagnosis within designated TAT that help in timely 
implementation of isolation precaution and judicious 
use of antimicrobials.
Acute respiratory infections are caused by a complex 
array of pathogens, most commonly viruses and 
bacteria, as well as atypical microorganisms like 
Mycoplasma and Chlamydia18,19. Furthermore, clinical 
diagnosis is complicated with co-infection of several 
pathogens leading to treatment difficulty of acute 
respiratory infection20. In this study, 569 
nasopharyngeal and oropharyngeal specimens were 
collected and analyzed with VIASURE Multiplex 
Respiratory panel over a period of eight months. The 
overall results revealed a positive rate of 77.7%, in 
agreement with the range of positive rates (33.39 to 
65.2%) reported in other studies1,21.  Both virus and 
bacteria are identified among these positive samples 
either single or in combination, leads to total detection 
of 784 organisms responsible for ARIs. Of them, 70% 
were from adult and 30% belong to children which is 
contrast to other studies where positivity rate was more 
in pediatric patients than in adult22,23. Respiratory tract 
infection accounts for a majority of the admissions in 
acute care hospitals and like other studies we also 
found more than half of both respiratory bacteria and 
virus in critical care than in wards and outpatient 
department17.
Virus has found at a rate of 42.1% which is higher than 
the reported previous studies23,24. This can be at least 
partially explained by the use of a sensitive multiplex 
RT-PCR, which can detect 16 different viruses and 
improve the diagnostic yield. Of them, approximately 
one-third were Influenza A (33%) virus in all age 
groups. Other important viruses detected are RSV in 
19.0% of positive samples followed by Rhinovirus in 
16.0% of positive samples and Influenza B which 

represented 14.0% of positive cases. These results are 
in line with surveillance studies done by the Centers 
for Disease Control and Prevention (CDC), which 
indicated that 99.8% of influenza viruses isolated were 
type A and 0.2% were type B25. The findings of the 
present study did not agree with studies by 
Brittain-Long et al26 where they found Rhinovirus as 
highest isolation followed by Influenza A virus, and 
RSV.  Avcu et al27 also reported that viral agents were 
detected in 83.3% of patients by molecular methods 
and RSV has been reported as the most common agent. 
Rapid molecular diagnostic tests for relevant bacterial 
pathogens in addition to viral targets can limit 
antibacterial therapy28. More bacteria were isolated 
than virus in both age group with highest prevalence of 
Streptococcus pneumonia in this study. Haemophilus 
influenzae and Moraxella catarrhalis were more than 
any virus in children but less than Influenza A virus in 
adult. These results are in line with former report29. We 
detect Mycoplasma pneumoniae at a rate of 2.8%. 
Previous studies have reported varying detection rates 
of Mycoplasma pneumoniae: 1.7% (adults and 
children in U.S.) to 7.1% (adults in Shanghai, China) 
which might be attributed to the difference in 
collection sites30,31. 
Various studies found that at least one viral or bacterial 
respiratory pathogen detection rate ranged from 41.8% 
to 78.6%, which is in accordance with our findings of 
49.5% positivity. Co-infection has been found in 
31.0% to 51.8% of positive respiratory samples in 
previous studies19,20,22,32,33.  In our study, a higher rate of 
68.0% co-infection was detected. Of them, children 
belong the highest which is almost similar with 
previously published data34-35. We detect three types of 
co-infection including Viral/viral (10), 
Bacterial/bacterial (46) and viral/bacterial (167) with 
2, 3, 4, and up to 5 different combinations. The 
specific and sensitive detection of this study revealed 
that, of 167 mixed infections; 93 were dual, 53 triple, 
15 quadruple and 6 quintuple positive samples. Only 
dual and triple combinations are found among 
viral/viral and bacterial/bacterial co-detected samples. 
The largest proportion of co-detected pathogens was 
Influenza A combined with Streptococcus pneumonia 
(25) followed by Streptococcus pneumonia and 
Moraxella catarrhalis (18), Streptococcus pneumonia 
and Haemophilus influenzae (14) and RSV combined 
with Streptococcus pneumonia (10), similar evidence 
were provided by other independent studies7,8,10,12,17,36. 
This study found three patients with quadruple 

infections detected as Influenza A combined with 
Streptococcus pneumoniae, Haemophilus influenzae, 
and Moraxella catarrhalis; two cases of quintuple 
infections included Influenza A/RV and Streptococcus 
pneumonia / Haemophilus influenzae / Moraxella 
catarrhalis. Such findings constitute strong evidence to 
support that hospitalized patients with acute 
respiratory infections are likely to be infected by more 
than one pathogen. However, the predominance of  
bacteria include Streptococcus pneumonia, 
Haemophilus influenzae and viruses include Influenza, 
RV and RSV in our single and multiple detections, all 
these findings are in line with previously published 
data9-11,17,24. There is no doubt that this multiplex 
real-time PCR assay will significantly expand the 
diagnostic potential for a careful evaluation of 
concomitant bacterial infection to patients with 
positive results of viral examination, thus help 
clinicians to adopt rapid and accurate antibiotic 
treatment regimens.
There were several limitations to our study. First, the 
retrospective design may have led to an inevitable 
selection bias. Second, our specimens are collected 
from a single location over eight months which may 
limit the general applicability of the findings and 
seasonal variation cannot be detected. Third, analyzing 
the clinical feature was beyond the scope of this study 
and thus the demographic data, clinical presentation 
with severity and length of hospitalization were not 
provided in our results. Fourth, commercial assays 
used in this study are invariably expensive and 
difficult to implement in resource poor settings, also 
cannot be quickly modified when new pathogens or 
new strains of known pathogens emerge which are 
missed by the existing assays.
 
Conclusion
In conclusion, the prevalence of respiratory pathogens 
in this institution is high with Respiratory Panel, of 
which majority is bacteria. Influenza virus, RSV and 
RV/EV are the most important viral agents of ARIs, 
while among bacteria, Streptococcus pneumoniae is 
the highest isolated followed by Haemophilus 
influenzae and Moraxella catarrhalis. The only 
atypical bacteria identified is Mycoplasma 
pneumoniae. Present study has detected in half of 
co-infection of which higher rate is in children. 
Bacterial-viral co-detections has found most prevalent 
followed by bacterial-bacterial and viral co-infections. 
Due to similarities of viral and bacterial ARIs with 

inconclusive laboratory findings, a diagnostic dilemma 
appears. Implementation of Panel test detect different 
respiratory pathogens simultaneously, provides rapid 
and high-yield results which can guide diagnosis and 
enhance a more rational use of antibiotics and/or 
antivirals. Future prospective studies for further 
assessing the impact of Respiratory Panel on outcomes 
including correct, timely diagnosis, use or misuse of 
antibiotics, minimizing other diagnostic tests, length of 
hospital stay and clinical course is recommended.
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Introduction
Acute Respiratory Infection (ARI), ranging from 
common cold to severe pneumonia is the major cause 
of outpatient visits and hospitalizations in all age 

categories worldwide, many of which are associated 
with significant morbidity and mortality particularly in 
children, elderly and immunocompromised 
individual1. A large heterogeneous group of typical or 
atypical bacteria and viruses are responsible for these 
ARIs that produce similar clinical presentations and 
put physicians into a diagnostic dilemma. Viral 
infections, however accounts for approximate 80.0% 
of ARIs with influenza virus, respiratory syncytial 
virus, rhinovirus and respiratory adenovirus being the 

most common pathogens2-4. Pneumonia is the most 
common nosocomial infection in the intensive care 
unit (ICU) and half of deaths from pneumonia are 
attributable to bacterial infections5-6. Highly infectious 
pathogenic typical bacteria include Streptococcus 
pneumoniae, Haemophilus influenzae and Moraxella 
catarrhalis. In addition, atypical bacteria specifically 
Mycoplasma pneumoniae is responsible for 10.0 to 
30.0% of community-acquired pneumonia7-9.
The human respiratory tract hosts co-circulating 
pathogens that causes ARIs with combination of 
virus/virus, bacteria/bacteria and virus/bacteria, 
leading to patient’s poor outcome10. The accurate and 
rapid detection of causative organisms is helpful in 
selecting appropriate antiviral or anti-bacterial 
treatment in time, that improve patient prognosis, 
prevent overuse of antibiotics and control the outbreak 
of contagious pathogens. Due to the diversity and 
complexity of infectious pathogens and overlapping 
sign-symptoms, specific diagnosis of ARI relies almost 
entirely on laboratory investigation. 
Conventional diagnostic methods such as bacterial 
culture, targeted polymerase-chain reaction (PCR) 
assays, rapid viral antigen tests, viral culture and direct 
fluorescent antibody test have some limitations in 
comprehensiveness, accuracy, and/or timeliness of 
results to guide clinical decisions while fail to 
establish an etiological diagnosis for more than50.0% 
of patients11. Among new molecular technologies, 
Multiplex RT-PCR assays are fast, accurate, able to 
detect non-cultivable organisms, can identify multiple 
respiratory viruses and bacteria in a single run within 
few hours12. Thus, it helps clinicians to distinguish ARI 
due to viral and/or bacterial origin and assist in 
delivering proper treatment to patients. A multiplex 
RT-PCR could simultaneously detect a panel of 22 
different respiratory pathogens that included influenza 
virus A (FluA),  influenza virus B (FluB), 
parainfluenza virus (PIV-1,2,3,4), human respiratory 
syncytial viruses (RSV),  human adenoviruses (AdVs), 
human metapneumoviruses (HMPV), human 
coronaviruses (HCoVs-NL63, HKU 1, 229E, OC43), 
human enteroviruses (EVs), human rhinoviruses (RVs) 
and bocaviruses (BoV) as well as the fastidious 
respiratory bacteria including Streptococcus 
pneumoniae, Haemophilus influenzae, Moraxella 
catarrhalis, Chlamydia pneumoniae, Mycoplasma 
pneumoniae and Legionella pneumophila with their 
co-infections in a single respiratory sample13-14. 
This study was aimed to evaluate efficacy of multiplex 
RT-PCR Respiratory Panel, as an important tool to 

detect multiple respiratory pathogens in a single test 
among all age groups of patients that improve 
etiological diagnosis of ARI in both hospitalized and 
outpatient setting in a tertiary care hospital, 
Bangladesh, rather doing a bundle of routine 
microbiological diagnostic assays.

Methodology
Study Settings and Population: This retrospective 
study was conducted in Molecular Laboratory unit of 
diagnostic Laboratory services of Square Hospital Ltd 
(SHL), Dhaka, Bangladesh from March to October, 
2023 for a period of 8 months. Nasopharyngeal or 
Oropharyngeal swabs were collected in a sterile screw 
capped Centrifuge tube containing sterile Normal 
saline(NS) or Universal transport media (UTM), from 
patients with symptomatic respiratory tract infection 
who were visited or admitted in Critical care, 
Out-patient department (OPD) and In-Patient 
department (IPD) of Square Hospital Ltd., Dhaka, 
Bangladesh. 
Study Procedure: In this study, the multiplex PCR 
assay was done by using detection kit (VIASURE 
Respiratory Panel III Real Time PCR Detection Kit, 

BIOTEC; Genome Dx; Spain) which is designed for 
the specific and qualitative detection of DNA/RNA 
from 16 Viruses and 6 Bacteria in respiratory samples 
from patients with signs and symptoms of respiratory 
infection. Pathogens were detected with the VIASURE 
Respiratory Panel (Table1).
Respiratory Panel Detection Kit: VIASURE 
Respiratory Panel III Real Time PCR Detection Kit 
contained all the components necessary for real time 
PCR assay (A mix of enzymes, primers, probes, buffer, 
dNTPs, stabilizers and internal control in stabilized 
format) in each well. Rehydration buffer is used to 
reconstitute the stabilized product, positive control and 
negative control. RNAse/DNAse free water and 
Optical caps for sealing wells during thermal cycling 
were included in the kit also. 

PCR Technique: Nucleic acid (RNA/DNA) extraction 
was performed from samples either by using nucleic 
acid extraction kit manually or by auto-extraction 
machine according to manufacturer instructions13. 
Nucleic acids (RNA/DNA) were isolated by 
amplification of a conserved region of the specific 
genes using specific primers and fluorescent–labelled 
probes, which then used for Respiratory pathogens 
identification. To reconstitute the number of wells 

needed, 15μL of Rehydration Buffer is added into each 
well. Then, 5μL of RNA/DNA sample, reconstituted 
Respiratory Panel III Positive Control or Negative 
Control were added in different wells and closed them 
with the provided caps. Finally, the plate or the strips 
were loaded in the thermal cycler for amplification. 
The thermocycler (either Lightcycler, Cobas Z480, 
RotorGeneQ 6000) was programmed for 40 cycles for 
DNA amplification (Table 2).
Finally, the amplified RNA/DNA was determined 
using fluorescent signals of the samples and observed 
in Real Time on the FAM, ROX, Cy5 and/or HEX 
(JOE or VIC) channels. The analysis of the samples 
and controls are done by the software used by the real 
time PCR equipment itself following manufacturer´s 
manual13.
Findings Interpretation: Amplification curves of 
detected pathogens were viewed with corresponding 
cycle threshold (CT) and endpoint fluorescence (EP) 
values. The overall procedures took approximately 
four hours (4h) for a single test13. Results were read, 
analyzed and interpreted according to manufacturer 
instruction (Table 3).
Statistical Analysis: Statistical analysis was 
performed by Windows based software named as 
Statistical Package for Social Science (SPSS), versions 
22.0 (IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY: IBM Corp.). Categorical data were 
summarized in terms of frequency counts and 
percentages. Continuous data were expressed as mean, 
standard deviation, minimum and maximum.
Ethical Clearance: Ethical approval for the study was 
obtained from the Square Hospitals Ltd., Dhaka, 
Bangladesh Medical Review Board. All methods were 
performed in accordance with the relevant guidelines 
and regulations. All procedures of the present study 
were carried out in accordance with the principles for 
human investigations (i.e., Helsinki Declaration 2013) 
and also with the ethical guidelines of the Institutional 
research ethics. Participants in the study were 
informed about the procedure and purpose of the study 
and confidentiality of information provided. All 
participants consented willingly to be a part of the 
study during the data collection periods. All data were 
collected anonymously and were analyzed using the 
coding system.

Results
A total of 569 Nasopharyngeal or Oropharyngeal swab 
samples were collected from patients with Respiratory 
Tract Infection (RTI) during our eight (8) months of 

study period from March to October, 2023. Of the 569 
samples tested; 442(77.7%) had single/multiple of 
listed virus/bacteria in the panel and 127(22.3%) 
samples were negative for any pathogens (Figure I).

Over the entire study period, total 784 respiratory 
pathogens including viruses and bacteria either single 
or in-combination were detected from 442 positive 
samples.  The results vary between children and adults, 
as shown in (Table 4). Both in adult and children 
group, bacteria were isolated more than viruses. 
Streptococcus pneumoniae (SPN) was the highest in 
number among >18 years (53%) of age compared to 
<18 years (38%). Haemophilus influenzae (HI) and 
Moraxella catarrhalis (MC) were also higher than any 
virus in children but less than Influenza A virus in 
adult. Mycoplasma pneumoniae (MP), represented as 
an atypical bacteria causing pneumonia was found 
more among adult than in children. Study showed 
Respiratory syncytial virus (RSV) more prevalent in 
children (20.0%) than in adult (15.0%), whereas 
Influenza A and Influenza B virus higher among adult 
(36.5%; 14.0%) compared to children (18.0%; 11.0%). 
Isolation of all other viruses found higher in children 
than in adult except Human Metapneumovirus 
(HMPV) and different types of Coronavirus. Of the 
positive isolates, detection of more than one 
respiratory pathogen was found in 531/784 (68.0%) 
with a higher co-detection rate in the children’s group 
(75.2%) than in the adult group (64.5%).
Respiratory panel test detected total 330 viruses in this 

study. The most frequently reported respiratory viruses 
were influenza A (100) followed by Respiratory 
Syncytial Virus A/B (56), Rhinovirus (49), Influenza B 
(43), Adenovirus (18), Enterovirus (16) and Human 
Metapneumovirus (13) respectively. The detection 
rates of other respiratory viruses were less than 10 in 
number (Figure III).

VIASURE multiplex real-time RT-PCR assay was 
applied to detect 3 typical and 3 atypical bacteria 
simultaneously. A total of 454 (57.9%) bacteria were 
identified, of which 3 typical and only one atypical 
bacteria, specifically Mycoplasma pneumoniae (4.0%). 
Among typical ones, most prevalent was Streptococcus 

pneumoniae (48%) followed by Haemophilus 
influenzae (26.0%) and Moraxella catarrhalis (22.0%). 
Other two atypical bacteria like Chlamydia 
pneumoniae (CP) and Legionella pneumophila (LP) 
were not found in our study (Figure IV).

The assay detected 49.5% (219) positive cases with 
single bacterial or viral infection, while more than one 
respiratory pathogen in 50.5% (223) of the detected 
samples. Bacterial-viral co-detections were found most 
prevalent (167) followed by bacterial-bacterial (46) 
and Viral co-infections (10) (Figure V).

A total of 46bacterial co-infections were detected by 
multiplex RT-PCR used in this study, mostly involving 
Streptococcus pneumoniae and Haemophilus 
influenzae. The most commonly prevailed co-infection 
was Streptococcus pneumoniae combined with 
Moraxella catarrhalis (39%), followed by 
Streptococcus pneumoniae plus Haemophilus 
influenzae (31.0%). A triple combination of 
Streptococcus pneumoniae, Moraxella catarrhalis and 
Haemophilus influenzae took third position (11%). 
Mycoplasma pneumoniae also being part of double 
and triple co-infections (Figure VI).

We found total 10 viral co-detections, of which 7 were 
dual, 2 triple and 1 quadruple infections, one each in 
all combinations (Table 5).
The complexity of 167 virus-bacteria co-infections can 
be subdivided into 93 cases of dual infections, 53 triple 
infections, 15 quadruple infections and 6 quintuple 
Infections. Among double combinations, 25 cases has 
Influenza A combined with Streptococcus pneumoniae, 
10 cases of RSV with Streptococcus pneumoniae, 7 
cases of Influenza A with Haemophilus influenzae, 06 
cases of each Streptococcus pneumoniae combined 

with either Influenza B or Rhinovirus and 05 cases of 
each found Influenza A and Moraxella catarrhalis, 
Influenza B and Moraxella catarrhalis, RSV and 
Haemophilus influenzae (Table 6).
Of total 53 triple infections, most prevalent 
co-infection found Influenza A combined with 
Haemophilus influenzae and Streptococcus 
pneumoniae (9). Other 26 combinations have highest 
isolation of Streptococcus pneumoniae (Table 7).
We detected 15 cases of quadruple combinations, of 
which Streptococcus pneumoniae and Influenza A virus 
were found in most cases (Table 8).
Among 6 cases with five pathogens, Streptococcus 
pneumoniae, Moraxella catarrhalis, Haemophilus 
influenzae and Influenza A combined with RV in 2 
cases and RSV in one case. Other three also has 
Streptococcus pneumoniae with other different viruses 
and bacteria (Table 9).

Discussion
Respiratory infections due to various causes was found 
in Bangladesh. This study provides a glimpse of such 
infections from a substantial number of samples from 
patients with suspected pulmonary infection. A 
Multiplex RT-PCR method is used to detect 
Respiratory viruses and bacteria among adults and 
children. The outbreak of SARS, the threat of human 
avian H5N1 influenza virus cases, presence of H1N1 
influenza A and the recent 2020 Covid-19 pandemic 
has heighten the need for improved diagnostic tests for 
respiratory pathogens15.
Molecular assays for identification and simultaneous 
detection of common respiratory pathogens are now 
widely used, replacing many conventional diagnostic 
methods. The main impact of this multiplex PCR was 
its broader spectrum of detection16. In the current 
study, we can detect 22 selected respiratory pathogens 
causing acute respiratory infections in clinical practice 
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and provided the widest spectrum ever reported. 
Multiplex RT-PCR assays display a variety of benefits, 
including a significant reduction in the turnaround 
time with results being available within the same day 
of specimen collection and become more economical 
as multiple pathogens can be detected in a single 
assay17. A nucleic acid extraction kit was used to 
extract both DNA and RNA simultaneously and the 
study can be done with small amount of samples, 
along with minimizing time, labor, and materials 
involved in nucleic acid extraction. Our reporting time 
of 4 hour was consistent with outcomes reported in 
previous studies where reporting mean time was 3.1 
hour18. The present study results showed an increase in 
diagnosis within designated TAT that help in timely 
implementation of isolation precaution and judicious 
use of antimicrobials.
Acute respiratory infections are caused by a complex 
array of pathogens, most commonly viruses and 
bacteria, as well as atypical microorganisms like 
Mycoplasma and Chlamydia18,19. Furthermore, clinical 
diagnosis is complicated with co-infection of several 
pathogens leading to treatment difficulty of acute 
respiratory infection20. In this study, 569 
nasopharyngeal and oropharyngeal specimens were 
collected and analyzed with VIASURE Multiplex 
Respiratory panel over a period of eight months. The 
overall results revealed a positive rate of 77.7%, in 
agreement with the range of positive rates (33.39 to 
65.2%) reported in other studies1,21.  Both virus and 
bacteria are identified among these positive samples 
either single or in combination, leads to total detection 
of 784 organisms responsible for ARIs. Of them, 70% 
were from adult and 30% belong to children which is 
contrast to other studies where positivity rate was more 
in pediatric patients than in adult22,23. Respiratory tract 
infection accounts for a majority of the admissions in 
acute care hospitals and like other studies we also 
found more than half of both respiratory bacteria and 
virus in critical care than in wards and outpatient 
department17.
Virus has found at a rate of 42.1% which is higher than 
the reported previous studies23,24. This can be at least 
partially explained by the use of a sensitive multiplex 
RT-PCR, which can detect 16 different viruses and 
improve the diagnostic yield. Of them, approximately 
one-third were Influenza A (33%) virus in all age 
groups. Other important viruses detected are RSV in 
19.0% of positive samples followed by Rhinovirus in 
16.0% of positive samples and Influenza B which 

represented 14.0% of positive cases. These results are 
in line with surveillance studies done by the Centers 
for Disease Control and Prevention (CDC), which 
indicated that 99.8% of influenza viruses isolated were 
type A and 0.2% were type B25. The findings of the 
present study did not agree with studies by 
Brittain-Long et al26 where they found Rhinovirus as 
highest isolation followed by Influenza A virus, and 
RSV.  Avcu et al27 also reported that viral agents were 
detected in 83.3% of patients by molecular methods 
and RSV has been reported as the most common agent. 
Rapid molecular diagnostic tests for relevant bacterial 
pathogens in addition to viral targets can limit 
antibacterial therapy28. More bacteria were isolated 
than virus in both age group with highest prevalence of 
Streptococcus pneumonia in this study. Haemophilus 
influenzae and Moraxella catarrhalis were more than 
any virus in children but less than Influenza A virus in 
adult. These results are in line with former report29. We 
detect Mycoplasma pneumoniae at a rate of 2.8%. 
Previous studies have reported varying detection rates 
of Mycoplasma pneumoniae: 1.7% (adults and 
children in U.S.) to 7.1% (adults in Shanghai, China) 
which might be attributed to the difference in 
collection sites30,31. 
Various studies found that at least one viral or bacterial 
respiratory pathogen detection rate ranged from 41.8% 
to 78.6%, which is in accordance with our findings of 
49.5% positivity. Co-infection has been found in 
31.0% to 51.8% of positive respiratory samples in 
previous studies19,20,22,32,33.  In our study, a higher rate of 
68.0% co-infection was detected. Of them, children 
belong the highest which is almost similar with 
previously published data34-35. We detect three types of 
co-infection including Viral/viral (10), 
Bacterial/bacterial (46) and viral/bacterial (167) with 
2, 3, 4, and up to 5 different combinations. The 
specific and sensitive detection of this study revealed 
that, of 167 mixed infections; 93 were dual, 53 triple, 
15 quadruple and 6 quintuple positive samples. Only 
dual and triple combinations are found among 
viral/viral and bacterial/bacterial co-detected samples. 
The largest proportion of co-detected pathogens was 
Influenza A combined with Streptococcus pneumonia 
(25) followed by Streptococcus pneumonia and 
Moraxella catarrhalis (18), Streptococcus pneumonia 
and Haemophilus influenzae (14) and RSV combined 
with Streptococcus pneumonia (10), similar evidence 
were provided by other independent studies7,8,10,12,17,36. 
This study found three patients with quadruple 

infections detected as Influenza A combined with 
Streptococcus pneumoniae, Haemophilus influenzae, 
and Moraxella catarrhalis; two cases of quintuple 
infections included Influenza A/RV and Streptococcus 
pneumonia / Haemophilus influenzae / Moraxella 
catarrhalis. Such findings constitute strong evidence to 
support that hospitalized patients with acute 
respiratory infections are likely to be infected by more 
than one pathogen. However, the predominance of  
bacteria include Streptococcus pneumonia, 
Haemophilus influenzae and viruses include Influenza, 
RV and RSV in our single and multiple detections, all 
these findings are in line with previously published 
data9-11,17,24. There is no doubt that this multiplex 
real-time PCR assay will significantly expand the 
diagnostic potential for a careful evaluation of 
concomitant bacterial infection to patients with 
positive results of viral examination, thus help 
clinicians to adopt rapid and accurate antibiotic 
treatment regimens.
There were several limitations to our study. First, the 
retrospective design may have led to an inevitable 
selection bias. Second, our specimens are collected 
from a single location over eight months which may 
limit the general applicability of the findings and 
seasonal variation cannot be detected. Third, analyzing 
the clinical feature was beyond the scope of this study 
and thus the demographic data, clinical presentation 
with severity and length of hospitalization were not 
provided in our results. Fourth, commercial assays 
used in this study are invariably expensive and 
difficult to implement in resource poor settings, also 
cannot be quickly modified when new pathogens or 
new strains of known pathogens emerge which are 
missed by the existing assays.
 
Conclusion
In conclusion, the prevalence of respiratory pathogens 
in this institution is high with Respiratory Panel, of 
which majority is bacteria. Influenza virus, RSV and 
RV/EV are the most important viral agents of ARIs, 
while among bacteria, Streptococcus pneumoniae is 
the highest isolated followed by Haemophilus 
influenzae and Moraxella catarrhalis. The only 
atypical bacteria identified is Mycoplasma 
pneumoniae. Present study has detected in half of 
co-infection of which higher rate is in children. 
Bacterial-viral co-detections has found most prevalent 
followed by bacterial-bacterial and viral co-infections. 
Due to similarities of viral and bacterial ARIs with 

inconclusive laboratory findings, a diagnostic dilemma 
appears. Implementation of Panel test detect different 
respiratory pathogens simultaneously, provides rapid 
and high-yield results which can guide diagnosis and 
enhance a more rational use of antibiotics and/or 
antivirals. Future prospective studies for further 
assessing the impact of Respiratory Panel on outcomes 
including correct, timely diagnosis, use or misuse of 
antibiotics, minimizing other diagnostic tests, length of 
hospital stay and clinical course is recommended.
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