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Abstract

Introduction: Acute respiratory infection (ARI) contributes to significant mortality and morbidity
worldwide and is usually caused by a wide range of respiratory pathogens. This study aims to describe
the performance of QIAstat-Dx® Respiratory Panel V2 (RP) and RespiFinder® 2SMART assays
for respiratory pathogens detection. Materials and Methods: A total of 110 nasopharyngeal swabs
(NPS) were collected from children aged one month to 12 years old who were admitted with ARI
in UKMMC during a one-year period. The two qPCR assays were conducted in parallel. Results:
Ninety-seven samples (88.2%) were positive by QIAstat-Dx RP and 86 (78.2%) by RespiFinder
assay. The overall agreement on both assays was substantial (kappa value: 0.769) with excellent
concordance rate of 96.95%. Using both assays, hRV/EV, INF A/HIN1 and RSV were the most
common pathogens detected. Influenza A/HIN1 infection was significantly seen higher in older
children (age group > 60 months old) (53.3%, p-value < 0.05). Meanwhile, RSV and hRV/EV
infection were seen among below one-year-old children. Co-infections by two to four pathogens
were detected in 17 (17.5%) samples by QIAstat-Dx RP and 12 (14%) samples by RespiFinder,
mainly involving hRV/EV. Bacterial detection was observed only in 5 (4.5%) and 6 (5.4%) samples
by QIAstat-Dx RP and RespiFinder, respectively, with Mycoplasma pneumoniae the most common
detected. Conclusion: The overall performance of the two qPCR assays was comparable and showed
excellent agreement. Both detected various clinically important respiratory pathogens in a single
test with simultaneous multiple infection detection. The use of qPCR as a routine diagnostic test
can improve diagnosis and management.

Keywords: Acute respiratory infection, multiplex real-time polymerase chain reaction, QIAstat-Dx,
RespiFinder.

INTRODUCTION several new emerging respiratory viruses have
been recognised including human rhinovirus
(hRV), human bocavirus (hBoV), human
metapneumovirus (h(MPV), human coronavirus-
NL63 and -HKUI and they have important
roles as respiratory viruses that cause severe
pneumonia.® Most recently another novel
coronavirus, severe acute respiratory syndrome
coronavirus-2 (SARS-COV-2) has been newly
identified to cause respiratory illness responsible
for the COVID-19 pandemic.” In some cases,
co-infections with two or more viruses or viruses
and bacteria can occur® In addition, atypical
bacteria including Mycoplasma pneumoniae and

Acute respiratory infections (ARI) have been
among the significant cause of morbidity and
mortality in young children worldwide.!?
Globally, estimated about 138 million ARI
episodes with 0.9 million deaths occurred among
children younger than 5 years old.* In Malaysia,
pneumonia is one of the principal causes of death
in children aged 0-14 years old, with an overall
mortality rate of 4.8%.*

A variety of respiratory pathogens can
cause ARI with respiratory viruses being the
most common causing pathogens.’ There are

*Address for correspondence: Marina Zainal, Department of Medical Microbiology & Immunology, Faculty of Medicine, Universiti Kebangsaan Malaysia.
Email: marinazainal87 @ gmail.com
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Chlamydia pneumoniae are important respiratory
pathogens causing ARI symptoms.’

The respiratory infections of these pathogens
may have overlapping symptoms and difficult to
distinguish bacterial from viral infections. This is
usually the reason empiric antibiotics are often
initiated based on disease severity, leading to
over-prescription of antibiotics and additional
diagnostic testing to exclude bacterial infection.'?
In March 2019, the World Health Organization
launched the Global influenza strategy 2019-
2030. One of the goals is to reduce the burden
of seasonal influenza."" This is achieved by
promoting research and innovation for improved
and novel diagnostics, vaccines and treatments
against influenza.

Respiratory viruses can be detected by
virus cell culture, immunofluorescence (IF)
staining, rapid antigen detection and molecular
methods. The previous gold standard method
for respiratory viral pathogen identification is
the virus cell culture. However, the methods
are time-consuming, labor-intensive, require
specialised laboratory training, operator
dependent, long turn-around time and are
inefficient to detect co-infection. Only a limited
range of viruses can be detected by them. It also
requires specialised facilities in the laboratory.
Rapid antigen detection methods, although can
provide rapid results to physicians compared to
virus cell culture and immunofluorescence (IF),
has low sensitivity and specificity in comparison
to molecular method.”? The introduction of
diagnostic molecular methods such as the real-
time polymerase chain reaction (qQPCR) has
improved respiratory pathogen testing that cannot
be detected by the conventional methods (e.g.:
viral culture and IF) with more accurate and rapid
results.!® Therefore, conventional methods have
been gradually replaced by molecular assays
which are more sensitive and specific.

The rapid advancement of molecular methods
has increased our ability to identify multiple
respiratory pathogens in a single test with
increased sensitivity and specificity.!*!¢ It has
been recognised to play an important role in
diagnosing respiratory infections and has made
laboratory diagnosis more efficient. Multiplex
qPCR assays have shown their superiority in
detecting a wide range of viruses and a high
detection rate of respiratory viruses.”'® In a
meta-analysis, molecular methods provide
accurate results with a pooled sensitivity of
90.9% and a pooled specificity of 96.1%.'¢

In 2018, Infectious Diseases Society of
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America (IDSA) recommends using multiplex
qPCR assays targeting respiratory pathogens
in patients presenting with ARI." Therefore,
molecular based syndromic testing systems
have become widely available and they can
simultaneously detect up to 22 pathogens in a
single tube.?>* This approach can simplify the
laboratory workflow while improving sensitivity
and reducing time to result. The syndromic
respiratory panel approach contributed to
prompt treatments and antimicrobial stewardship
resulting in reduced antibiotic usage as well as
admission duration.>

This study aimed to evaluate the performance
of two qPCR assays, QIAstat-Dx® Respiratory
Panel (RP) (QIAstatRP,Qiagen, Hilden, Germany)
and RespiFinder 2SMART (PathoFinder) in
detecting respiratory pathogens in respiratory
samples received in University Kebangsaan
Malaysia Medical Centre (UKMMC).

MATERIALS AND METHODS

Study design and population

This cross-sectional study was conducted from
June 2019 and June 2020, involving children
from one to 12 years old admitted with acute
respiratory (ARI) in UKMMC. Repeated
respiratory samples from the same patient
during similar hospitalisation were excluded
from the final analysis. To exclude nosocomial
infection, patients who have been admitted into
UKMMC for more than one week were also
excluded. Demographic variables including age,
gender and ethnic group were recorded from the
laboratory information system (LIS) and medical
record office. All potential subjects (including
carers or parents) were briefed on the study
and written informed consent was obtained by
the paediatrician in-charge of the case. Ethical
approval was obtained from the Research
Ethics and Committee of National University
of Malaysia (UKM) before starting the study.

Sample collection, transport and storage

Actotal of 110 nasopharyngeal swabs (NPS) were
collected using flocked swabs (FLOQSwabs™ |
Copan Brescia, Italy) placed in a universal
transport medium (UTM, Copan Diagnostics)
and transported to the microbiology laboratory
in ice. All respiratory samples received were
immediately tested by QIAstat-Dx RP and
the residual NPS specimen in UTM was kept
at 2 to 4°C (<48 hours) or frozen at -70°C
until tested with the comparator qPCR assay
(RespiFinder® 2SMART). The RespiFinder



assay was performed in multiple batches of
respiratory samples. Samples that did not fulfil
the requirements sample collection, transport and
storage requirements were excluded.

Viral nucleic acid extraction

Nucleic acids were extracted from 200 pl of the
UTM using the SpinStar™ Nucleic Acid Kit 1.0
according to the manufacturer’s protocol and
were eluted in a final volume of 60 pl as per the
recommendation from RespiFinder.

Multiplex qPCR assays

QIAstat-Dx® Respiratory Panel V2 (RP)
QIAstat-Dx® Respiratory Panel V2 (RP) (Qiagen,
Hilden Germany) is a new multiplexqPCR
platform where all of the sample preparations
including nucleic acid extraction, reverse
transcription, PCR detection and analysis steps
are performed automatically by the QIAstat-Dx®
Analyzer 1.0. The QIAstat-Dx RP cartridge
has two loading ports where it can be directly
inoculated with a dry swab or with UTM. Internal
control which is tittered MS2 bacteriophage was
included in the cartridge. This Internal Control
material verifies all steps of the analysis process.
According to the manufacturer’s instruction,
300 puL of UTM (liquid sample) containing
nasopharyngeal swab (NPS) was transferred into
the main port of the QIAstat-Dx RP cartridge
using one of the provided transfer pipettes. The
cartridge was then inserted into the analyser
and starting the run. Turn-around time (TAT)
is 69 minutes per sample. The QIAstat-Dx®
Analyzer performs automated result analysis
with each target reported as positive or negative
and the results are displayed on the screen.
Amplification curve and cycle threshold (Ct)
values are provided for each target pathogen and
internal control in the analyse data. Pathogens
that can be detected by QIAstat-Dx RP as listed
in Table 1. For influenza A assay QIAstat-Dx
RP is designed to detect influenza A as well as
Influenza A subtype HIN1/2009, Influenza A
subtype H1 or Influenza A subtype H3.

RespiFinder® 2SMART

The RespiFinder® 2SMART assay (two-step
Single tube Multiplex Amplification in Real
Time) (PathoFinder BV, Maastricht, Netherlands)
detects the 22 most common respiratory
pathogens as listed in Table 1. The SmartFinder
technology uses a specific probe which is ligated
after hybridisation to their respective target
gene. The assay starts with a pre-amplification
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step which combines reverse transcription with
PCR amplification to amplify the target cDNA
followed by a probe hybridisation, a probe
ligation and a probe amplification step on a
real-time PCR platform. This assay detects the
amplified PCR product by melting curve analysis
on Rotor-Gene Q (Qiagen, Hilden Germany).
The data was generated and analysed on the
FastFinder software version 3.5.5. The assay
ran in less than 2.5 hours. A positive result is
defined as the presence of pathogens detected
from a respiratory sample.

Data collection and analysis

The information regarding socio-demographic
data (age, race and gender) and clinical
characteristics were obtained and recorded
from patients’ files. The results were analysed
using SPSS IBM and Excel. The Cohen’s
Kappa statistics were calculated to measure
the agreement between the results of the two
multiplex PCR (<0 = poor, 0- 0.2 = slight,
0.21- 0.4 = fair, 0.41- 0.6 = moderate,
0.61- 0.8 = substantial, and 0.81- 1 = almost
perfect) (Landis and Koch, 1977). Descriptive
and categorical variables were summarised using
frequency and percentage and analysed using
Fisher Exact and Chi-Squared tests.

RESULTS

Actotal of 110 respiratory samples were collected
and tested in this study. The majority of patients
included were male (57.3%) and Malay (89.1%)
with a median age of 14.5 months old. The age
group between 7 to 12 months constituted the
majority (28.2%) of the samples received. The
summary of the demographic characteristics of
patients is presented in Table 2.

Performance characteristics

Out of 110 samples tested, QIAstat-Dx RP and
RespiFinder assays showed positive results in
97 (88.2%) and 86 (78.2%) samples respectively
(Table 3). The overall positive detection rate
was significantly higher in QIAstat-Dx RP than
RespiFinder assay (88.2% vs 78.2%, p-value:
0.013) (Table 4). The overall level of agreement
between QIAstat-Dx RP and RespiFinder assays
was shown to be substantial (kappa value: 0.769)
with an excellent concordance rate of 96.95%.
The concordance rate for the individual target
of respiratory pathogens was 100% for INF
B, PIV-2, PIV-3, hMPV and M. pneumoniae.
Concordance rate of more than > 90% for RSV,
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Table 1: Characteristic of multiplex qPCR assays

Assays QIAstat-Dx RP Respifinder
Target virus Inf A Inf A
Inf A H1 Inf A HIN1pdmO9
Inf A H3 Inf B
Inf A HIN1/2009 RSV A
Inf B RSV B
RSV A/B hMPV
hMPV A and B hRV/EV
hRV/EV AdV
AdV hBoV
hBoV PIV-1
PIV-1 PIV-2
PIV-2 PIV-3
PIV-3 PIV-4
PIV-4 hCoV NL63/HKU1
hCoV-229E hCoV NL63
hCoV-HKU1 hCoV 0OC43
hCoV-NL63 Bordetella pertussis
hCoV-0C43 Chlamydophila pneumoniae

Bordetella pertussis
Legionella pneumophila

Mycoplasma pneumoniae

Mycoplasma pneumoniae
Legionella pneumophila

Technology Real-time PCR Melting curve analysis and real-
time RT PCR

Samples per run 1 36 to 96

Automated Yes No

result display

Method step 1 2

Turn-around time 69 minutes 2.5 hours (excluding extraction)

Abbreviations: AdV, adenovirus; hBoV, human bocavirus; hCoV, human coronavirus; hMPV, human
metapneumovirus; inf, influenza; PIV, parainfluenza virus; hRV/EV, human rhinovirus/enterovirus; RSV,

Respiratory syncytial virus.

INF A/HINT, PIV-1, PIV-4, hBoV, AdV. Kappa
values were excellent for all targets except for
hRV/EV (0.454), hBoV (0.479), AdV (0.786)
and PIV-4 (0.663). The moderate kappa value for
hRV/EV and hBoV, whereas substantial kappa
value for PIV-4 and AdV. The lowest agreement
(kappa value: 0.454) was observed for hRV/
EV. Performance characteristics for individual
targets of respiratory pathogens for both assays
are summarised in Table 5.

Discrepant results were found in three samples
as presented in Table 6 and due to financial
limitations, we were unable to do discrepant
testing. Immunofluorescence (IF) test was done
on those three samples but only RSV was detected
in sample number 60. Thirty-four samples were
identified as negative by RespiFinder but were
detected positive by QIAstat-Dx RP for hRV/
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EV (n=23, Ct values: 24.8-37.9), RSV (n=6, Ct
values: 19.1-26.1), AdV (n=3, Ct values: 20.9-
34.3) and INF A (n=2, Ct values: 32.8-34.9).
Regarding INF A virus detection, the two samples
with pan-influenza A target detected by QIAstat-
Dx RP were detected as subtypes INF A/HIN1
by RespiFinder. On the other hand, a total of 12
samples detected as positive by RespiFinder were
identified as negative by QIAstat-Dx RP. Those
samples were unable to be retested or proceed
with discrepant testing by the third method.
Among the respiratory pathogens detected
in both assays, hRV/EV, INF A/HIN1 and RSV
are the three most common. The most frequent
respiratory pathogen detected was hRV/EV (35.5
%) by QIAstat-Dx RP followed by INF A/HIN|1
(21.8%),RSV (19.1), AdV (8.2), PIV-1 (6.4%),
M. pneumoniae (4.5%), hMPV (3.6%), hBoV



Table 2: Characteristics of patients in the study

PAEDIATRIC RESPIRATORY INFECTION

Characteristics Frequency, n Percentage (%)
n =110
Age, median (IQR), months. 14.5 (8-29) -
0-6 20 18.2
7-12 31 28.2
13-24 26 23.6
25-60 18 16.4
> 60 months-12 years 15 13.6
Gender
Female 47 42.7
Male 63 573
Race
Malay 98 89.1
Chinese 6 55
Indian 2 1.8
Others 4 3.6
Comorbidities
Asthma/reactive airway 19 17.3
Chronic lung disease 4 3.6
Congenital heart disease 7 6.4
Malignancy 1 09
Neurological disorder 3 2.7
Trisomy 21 2 1.8
Others 7 4.5
Premature birth 33 30
Clinical presentation;
Symptoms duration, mean + SD(days) 515+3.34 -
Fever 98 89.1
Cough 101 91.8
Coryza 80 72.7
Rapid breathing 83 75.5
Chest recession 76 69.1
Wheezing 22 20
Vomiting 28 255
Diarrhoea 9 8.2
Seizure 6 55
Laboratory parameters,
WBC, mean + SD (normal range: 4-10 x10%/L) 13.1+5.7 -
Lymphocyte, mean + SD (normal range: 20-40%) 36.0 + 183 -
Neutrophils, mean + SD (normal range: 40-80%) 53.6 (19.5) -

CRP (mg/L), median (IQR) (normal range:<0.5mg/dl)

2.19 (0.27-2.82)

Treatment,
Antibiotic 73 66.4
Oseltamivir 18 16.4
ICU admission 39 355
Mechanical ventilation 32 29.1
Death during hospitalisation 1 091
Length of hospital stay (days), median (IQR) 5 (3-8) -

Abbreviations: IQR, interquartile; SD, standard deviation; CRP, C-reactive protein
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(2.7%), IFV B (1.8%), PIV-3 (1.8%), INF A
(1.8%),PIV-2(0.9%) and PIV-4 (0.9%). Whereas
for RespiFinder assay, the most common
pathogen detected was INFA/HINI followed by
hRV/EV (15.5%),RSV (13.6%), hBoV (8.2%),
PIV-1 (7.3%), AdV (5.5%), M. pneumoniae
(4.5%), hMPV (3.6%), IFV B (1.8%), PIV-3
(1.8%),PIV-4 (1.8%),PIV-2 (0.9%) and only one
sample was positive for L. pneumophila (0.9%).
Of all samples, QIAstat-Dx RP and RespiFinder
only detect bacterial pathogens in 4.5% (n=5)
and 5.4% (n=6) samples respectively with the
most common bacteria being M. pneumoniae.
No detection of coronaviruses, subtype INF A/
H3, Bordetella pertussis and Chlamydophila
pneumoniae during this study period. A summary
of respiratory pathogens detection in both
multiplex gPCR assays is shown in Table 3.

August 2023

Co-infection

Overall, two or more co-detection were
detected in 17.5% (17/97) and 14% (12/86) of
the total positive samples by QIAstat-Dx RP
and RespiFinder respectively. Dual detections
were observed in 12.4% (12/97) samples, triple
detection in 4.1% (4/97) samples and quadruple
detection in only one sample by QIAstat-Dx RP
assay. For RespiFinder assay, dual and triple
detection were observed in 12.8% (11/86) and
1.2% (1/86) samples respectively. No quadruple
detection by RespiFinder assay (Table 3).
The most frequently detected pathogen in co-
infections was hRV/EV by QIAstat-Dx RP
(15.5%) and RespiFinder (6.9%) (Table 7). We
found that hRV/EV was the most frequently
identified in multiple infections and mostly was
found concurrently with AdV (data not shown).

Table 3: Distribution of respiratory pathogens detected by each qPCR assays, n=110

Pathogens QIAstat-Dx RP RespiFinder
n (%) n (%)
hRV/EV 39 (355) 17 (15.5)
RSV A/B 21 (19.1) 15 (13.6)
INF A 2(1.8) 0 (0)
INF A/HIN1 24 (21.8) 27 (24.5)
INF B 2 (1.8) 2 (1.8)
PIV-1 7(64) 8(7.3)
PIV-2 1(0.9) 1(0.9)
PIV-3 2(1.8) 2(1.8)
PIV-4 1(0.9) 2 (1.8)
hMPV 4 (3.6) 4 (3.6)
hBoV 327 9(8.2)
AdV 9 (8.2) 6 (5.5
M. pneumoniae 54.)5) 54.5)
L. pneumophila 0 (0) 1(0.9)
Single infection 80 (82.5) 74 (78.3)
2 pathogens 12 (12.4) 11 (12.8)
3 pathogens 4 4.1 1(1.2)
4 pathogens 1(1.0) 0 (0.0)
Total positive sample 97 (88.2) 86 (78.2)
Total negative sample 13 (11.8) 24 (21.8)

Abbreviations: AdV, adenovirus; hBoV, human bocavirus; hCoV; hMPV, human metapneumovirus; inf,
influenza; PIV, parainfluenza virus; hRV/EV, human rhinovirus/enterovirus; RSV, respiratory syncytial virus;
M. pneumoniae, Mycoplasma pneumoniae; L pneumophila, Legionella pneumophila.
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Table 4. Positive detection rates between QIAstat-Dx RP and RespiFinder analysis, n=110

No. (%) of RespiFinder result

Positive Negative
No. (%) of QIAstat RP result Positive 83 (75.5) 14 (12.7)
Negative 3(2.7) 10 (9.1)

p-value = 0.013 by McNemar’s test

Clinical characteristic

The most frequent symptoms were cough
(91.8%),fever (89.1%), rapid breathing (75.5%),
coryza (72.7%), chest recession (69.1%),
vomiting (25.5%), wheezing (20%), diarrhoea
(8.2%) and seizures (5.5%). The average day of
presentation was on day five of symptoms. The
blood parameter showed raised total white cell
count (mean 13.1 +5.7 x 10%/L) with neutrophilic

predominance. A total of 43 (39.1%) children
had underlying comorbidity, which constituted
asthma/reactive airway (17.3%), congenital
heart disease (6.4%), neurological disorder
(2.7%) and underlying trisomy 21 (1.8%).
Other comorbidities including chronic hemolytic
anaemia, Hirschsprung’s disease, thalassaemia,
hydroxymethylglutaryl-CoA (HMG-CoA)
synthase deficiency, congenital hypothyroidism,

Table 5: Agreement between QIAstat-Dx RP and RespiFinder for each pathogen

Sample results QIAstat RP/RespiFinder Kappa Concordance

Pathogens +/+ +/- -+ -/- value rate (%)
hRV/EV 16 23 1 70 0.454 78.18
RSV 15 6 0 89 0.802 94.55
INF A 0 2 0 108 NA* 98.18
INF A/HIN1 24 0 3 83 0.924 97.27
IFV B 2 0 0 108 1.000 100.00
PIV-1 7 0 1 102 0.929 99.09
PIV-2 1 0 0 109 1.000 100.00
PIV-3 2 0 0 108 1.000 100.00
PIV-4 1 0 1 108 0.663 99.09
hMPV 4 0 0 106 1.000 100.00
hBoV 3 0 6 101 0.479 94.55
AdV 6 3 0 101 0.786 97.27
M. pneumoniae 5 0 0 105 1.000 100.00
L. pneumophila 0 0 1 109 NA* 99.09
Total 86 34 13 1407 0.769 96.95

Abbreviations: NA, non-applicable; AdV, adenovirus; hBoV, human bocavirus; hCoV; hMPV, human
metapneumovirus; inf, influenza; PIV, parainfluenza virus; hRV/EV, human rhinovirus/enterovirus; RSV,
respiratory syncytial virus; M. pneumoniae, Mycoplasma pneumoniae; L pneumophila, Legionella pneumophila.
All concordance rates were above 78.18% and Kappa values were above 0.454.

*Unable to calculate kappa

Interpretations (Koch and Landis, 1977);

0.00 - 020 -> Slight

021 -040 -> Fair

041 - 0.60 -> Moderate
061 - 080 -> Substantial
081 - 1.00 -> Almost perfect
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Table 6: Discordant results between QIAstat-Dx RP and RespiFinder

Sample No. QIAstat-Dx RP RespiFinder Clinical Diagnosis
25 hRV/EV (C, 28) PIV-4 Acute bronchiolitis
60 RSV (C,252) hBoV Bronchopneumonia
101 RSV (C, 24.9) + hRV/EV (C,28.9) PIV-1 Bronchopneumonia

Abbreviations: hRV/EV, human rhinovirus/enterovirus; RSV, respiratory syncytial virus; PIV, parainfluenza

virus; hBoV, human bocavirus.

pelvic ureter junction obstruction constituted
4.5% of the patients. Thirty-nine patients (35.5%)
were admitted to the intensive care unit (ICU)
with 29.1% of them requiring mechanical
ventilation and only one child died with the
diagnosis of parainfluenza 1 virus infection. He
was born prematurely with underlying complex
cyanotic heart disease. Meanwhile, most of the
patients were discharged home with an average
length of hospitalisation of five days (median 3
to 8 days) (Table 2). Influenza A/HIN1 infection
was significantly seen higher in older children
(age group > 60 months old) for both QIAstat-
Dx RP and RespiFinder assays (53.3%, p-value
< 0.05). Meanwhile, we found that the majority
of RSV and hRV/EV infections were among the
younger patients, below one-year-old (Table 7).

DISCUSSION

The QIAstat-Dx RP and RespiFinder assays
enable simultaneous testing for 21 respiratory
pathogens and can be used to aid diagnostic
testing for acute respiratory infection (ARI). The
broad range of respiratory pathogen coverage
resulted in a significant higher detection rate of
pathogens by both assays. The high positivity
rate in this study was quite comparable in
other studies using other multiplex respiratory
panels.li,I8,20,2l,28,29

In this study, we described the performance
of QIAstat-Dx RP and RespiFinder assays by
measuring their result agreement. In general,
the performance between the two assays was
excellent at 96.7% (kappa value 0.778) with more
pathogens detected by QIAstat-Dx RP (88.2%
vs 78.2%). The recently published reports on
QIAstat-Dx RP performance were found to be
similar to our findings.**2* Our study showed high
concordant results (ranged between 94.55% and
100%, kappa value: >0.80) for most pathogens
including RSV,IFV A/HIN1,IFV-B,PIV-1,PIV-
2, PIV-3, hMPV, and M. pneumoniae. Although
the almost perfect agreement was observed for
IFV-B, PIV-1, PIV-2, PIV-3, hMPV and M.
pneumoniae, only a small number of positive
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samples were detected with those viruses.
Possibly due to low levels of those respiratory
pathogens circulating during this study period.
Therefore, further evaluation is required to
establish the significance of these findings.

The least agreement between these two
assays was observed for hRV/EV and hBoV
(kappa value: 0.454 vs 0.479 respectively). The
QIAstat-Dx RP detected 23 samples of positive
hRV/EV which were not detected by RespiFinder
(QIAstat-Dx RP+/RespiFinder-), presumably the
additional detection of hRV/EV in the respiratory
sample could be due to the increased sensitivity
of QIAstat-Dx RP. It also could possibly be
explained by new hRV/EV strains which may
not be detected or below the detection limit
of the RespiFinder. However, cycle threshold
(C,) values for hRV/EV were within the range
of 26.6 to 37.9 (mean C, value: 31) which may
represent a significant amount of virus present.
Considering that these were residual samples
with moderate levels of viral load, the integrity
of viral nucleic acid present in these samples may
have been affected during the freeze-thawing
cycle. This action may compromise the hRV/
EV detection. Meanwhile, RespiFinder detected
six samples with hBoV but were negative by
QIAstat-Dx RP (QIAstat-Dx RP-/RespiFinder+).
They are usually co-infection with other viruses.
In these samples, it is difficult to determine the
viral load level for hBoV because RespiFinder
does not provide a C, value to determine the
relative level of the virus. In RespiFinder assay,
the potential of carry-over contaminations of
the PCR reaction may present due to additional
manipulation steps during sample preparation
(extraction) and amplicon products. Unlike
QIAstat-Dx RP, samples are tested in batches
using RespiFinder assay. The large number of
samples tested simultaneously may result in
cross-contamination between the samples. As
a consequence, false positive results of hBoV
may occur due to carry-over contaminants from
aerosolisation, contaminated work area, pipette
or gloves.
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Influenza viruses, RSV and hRV/EV were the
common cause of ARI worldwide, which was
also seen in our study population.'”’? Respiratory
syncytial virus (RSV) and hRV have been
reported as the most detected virus associated
with ARI in Malaysia.**3! We found that the
majority of the RSV infection detected among
younger children was consistent with previously
published reports. Respiratory syncytial virus
(RSV) usually causes ARI (e.g.: bronchiolitis)
among children below 5 years old.*?? One third
of our patients are with underlying comorbidities
such as asthma, chronic lung disease, prematurity
and congenital heart disease and they are more
likely to have severe respiratory infections such
as severe RSV bronchiolitis.® Asthma or reactive
airway disease is also a well-known risk factor
in children requiring hospitalisation for ARL.*

Only a small number of bacterial detections
were found in this study, which were M.
pneumoniae (n=5, 45%) and L. pneumophila
(n=1, 0.9%). All the bacterial detection in this
study was co-detected with the other viral
pathogens. This finding was lower than the
detection rate reported in another study.** It could
be due to many reasons such as small sample
size, timing of sampling and type of sample.
Mycoplasma pneumoniae is an atypical bacteria
and is usually in a lower respiratory tract than the
upper respiratory tract. Therefore, the collection
of NPS samples in this study might be suboptimal
for M. pneumoniae detection. Cho et al. reported
that samples from the lower respiratory tract
such as sputum and bronchoalveolar lavage
(BAL) have higher diagnostic yield for atypical
bacteria.”® In view of QIAstat-Dx RP has been
CE-IVD cleared for NPS transported in UTM
only, validation of other respiratory samples such
as sputum, BAL and throat swab is necessary.

In this study, there were only a small number of
co-infections detected by both assays. We found
that hRV/EV has the highest co-infection rate
which was comparable to previous studies.?>2-3¢
There was evidence that human rhinovirus/
enterovirus is more than just a common cold
and it has been identified as the most common
pathogen in causing acute exacerbation of
asthma, viral pneumonia and bronchiolitis
among children.’” Study by Nolan et al. showed
that co-infection was quite common among
children presenting with community-acquired
pneumonia and it caused more serious disease
than a single infection.® However, other studies
did not find any association between disease
severity with co-infection.*** Therefore, multiple
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pathogens detection in this study may reflect
the true co-infection or asymptomatic carrier
due to prolonged virus shedding particularly
in children.* Moreover, these assays cannot
distinguish between primary pathogens or not.
The role of co-infections in the ARI is unclear
and the true causative agent is impossible to
establish. In view of the low number of co-
infections detected in this study, it is not possible
to draw any conclusions and more studies are
needed to find out the association of co-infection
with disease severity.

The two assays in this study were using
different technology. QIAstat-Dx RP assay offers
a different workflow compared to RespiFinder.
QIAstat-Dx RP is an automated system with
minimal hands-on time and a shorter time
to result (approximately 69 minutes), clearly
suitable for point-of-care testing. Despite the
short hands-on time, only one sample can be
processed per run which is not suitable during
an epidemic when many samples need to be
processed simultaneously. QIAstat-Dx RP assay
can involve direct dry swab processing or one
pipetting step of UTM into the cartridge, which
is easier and quicker. Carry-over contamination
or error in pipetting can be avoided. Meanwhile,
RespiFinder assay has higher sample throughput
(up to 96 samples per run). The RespiFinder
assay will fit routine daily laboratory testing
when the procedure is run in batches.

The QIAstat-Dx RP assay allows visualisation
of the amplification curve with C value and helps
with the result interpretations. RespiFinder assay
does not provide C, values for each pathogen that
it detects or the Internal control (IC) used, but an
internal amplification control (IAC) is included
to exclude PCR inhibition within RespiFinder
assay.** Moreover, a viral load that represents by
C, value may be useful to predict the significance
of the pathogen presence particularly in the six
discordant samples, with hBoV detection by
RespiFinder that were not detected by QIAstat-
Dx RP (QIAstat-Dx RP - / RespiFinder +). In
terms of target detection, both assays detect
similar respiratory pathogens, except that the
RespiFinder assay contains additional bacterial
respiratory targets which is C. pneumoniae and
is able to distinguish between RSV subtypes
(RSV A and B).

STUDY LIMITATION

There are limitations to our study. Firstly, a small
number of samples were included in this study
and mainly consisted of children with a median



age of 14.5 months old. Additional studies are
needed for the adult population. The low number
of detections for a few respiratory pathogens
may cause the performance of both assays for
the particular pathogens to be inconclusive.
Second, the three discrepant results were
unable to proceed further with repeat testing
or discrepant testing by a third method due
to financial limitations. There are no precise
reference methods available for each pathogen
tested in this study and the comparator assay
used may have variations in their sensitivity
and specificity that may affect the accuracy of
our data. Fourth, the RespiFinder assay was
performed on frozen archived samples. The
storage or freeze-thaw cycle could have led to
nucleic acid degradation causing a false negative
result in the RespiFinder assay. Lastly, the study
was conducted on nasopharyngeal swab only.
Other respiratory samples including throat swab,
nasopharyngeal aspirate and bronchoalveolar
lavage should be included in future studies.

CONCLUSION

The QIAstat-Dx RP and RespiFinder assays
are the real-time qPCRs with syndromic testing
systems which have standard panels consisting
of common respiratory pathogens. The overall
performance of the two assays was comparable
with excellent agreement between each other.
They offer minimal hands-on time, rapid turn-
around time to results and more respiratory
pathogens detection compared to conventional
methods. In addition, both assays also can detect
co-infections however the clinical significance
needs to be further evaluated. Thus, the qPCR
method which is highly sensitive and specific
can be incorporated into the current diagnostic
workflow for ARI. The use of qPCR as a routine
diagnostic service in hospital laboratories
can improve ARI diagnosis, infection control
measures and patient care.
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