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ORIGINAL ARTICLE

RAPID DETECTION OF RESPIRATORY PATHOGENS USING A
MULTIPLEX PCR ASSAY AMONG HOSPITALIZED CHILDREN
WITH ACUTE RESPIRATORY INFECTION

ABSTRACT

Background: Acute respiratory infection (ARI) is a major cause of morbidity and
mortality among children worldwide however, local data on the etiologic diagnosis
of ARI are limited.

Objectives: To determine the prevalence and the most commonly detected
respiratory pathogens using a multiplex PCR assay, known as the Respiratory
Panel, among hospitalized children with ARI and compare their clinical and
laboratory differences.

Methods: This is a cross sectional study of children with ARI who were tested
with a multiplex PCR assay. Retrospective chart review was done on these
patients admitted from January 2018 to February 2020.

Results: There were 47 charts reviewed, mean age was 4.2 years old. Out of 47
patients, 36 (76.6%) tested positive for a pathogen. Respiratory syncytial virus
(RSV) being the most common followed by Influenza A/H1-2009 and Human
metapneumovirus (hMPV). Two patients had viral co-infections and no bacteria
were detected on all subjects. 61.7% patients were started on antibiotics on
admission. Fever and cough were the most common sign and symptom,
respectively. Normal WBC (68% with neutrophilic predominance) and platelet
were detected in 72.3% and 70.2% of patients, respectively; 50% of patients had
normal CRP and 60.5% had abnormal findings on chest x-ray. Only the presence
of chest x-ray findings was found to have a higher probability of yielding a
positive Respiratory Panel p=0.27.

Conclusion: Among admitted patients with ARI, 76.6% tested positive for a
respiratory pathogen. All were caused by viruses presenting as nonspecific
manifestations - fever and cough. Clinical manifestations, CBC and CRP showed
no association with the Respiratory Panel result while abnormal chest x-ray had a
higher probability of yielding a positive Respiratory Panel result.
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Bacteria and viruses have been reported as the
and

influenza B) and
influenzae
pneumoniae) are the pathogenic agents involved in

INTRODUCTION
Haemophilus
acute LRTI among Filipino children less than 5 years

main causes of acute respiratory infections (ARIs).
An estimated 50% of all illnesses in all age groups,
and approximately 75% of illnesses in young children
are viral upper respiratory tract infections (URTI)." In
children under 5 years, ARIs are mainly due to
viruses -- RSV, parainfluenza viruses, influenza virus
A and B, and hMPVs are the most common viruses

isolated.” In most developing countries like the
Philippines, data on the etiologic diagnosis are

After the discovery of polymerase chain reaction

old.?
(PCR), there are many important milestones in the
evolution of diagnostic molecular tests. A multiplex
point-of-care diagnostic technology (MPOCT) can
test the presence of multiple infectious pathogens
within a specimen. The test results can be obtained
several hours. The

low sensitivity of
to

limited, primarily because of difficulties in obtaining
15 minutes
development of new molecular panel diagnostics

within
that can provide results this fast would provide both
clinical and economic benefits. Analysis of the results
provides the clinician with an opportunity to
administer directed therapies in a short time. The set
of tests on a multiplex technology is known as a test
panel. Syndromic test panels are designed to test for
multiple diseases associated with a similar set of
symptoms, or a syndrome and these panels help in
the evaluation of the etiology of the disease at the
point of care. Respiratory panels and gastrointestinal
panels are two examples of syndromic panels.
MPOCT has been utilized in other countries and is

now being used as rapid diagnostic tests in many
parts of the world. St. Luke’s Medical Center,

adequate samples and the
presently available diagnostic methods, such as
blood culture and serological tests. Viral etiology
studies likewise are uncommon.?
A community-based ARl research named
Philippine Control of Acute Respiratory Infections
program (Phil-CARI) was established in 1981. By
1989, the community-based research collaboration
between the Research Institute for Tropical
Medicine (RITM) and the Australian government
generated about 7 years’ worth of valuable local
data on baseline ARl incidence and risk factors. They
confirmed the high incidence of ARI, at 6.1 episodes
per child-year, among Filipino children less than 5
years old in depressed urban communities in Metro
Manila, with a peak age incidence between 6 and 23
months. The incidence of acute lower respiratory
also found to be
of

Quezon City, a tertiary private hospital, acquired a
known as the Respiratory Panel, provides a rapid and

Biofire® FilmArray® Multiplex PCR system (mPCR)

(LRTI) was
last January 2018. This mPCR system, commonly

respiratory

infection
exceedingly high, at 0.5 episode per child—year.4 In
respiratory tract infections. Thus, we would like to

tract
1984, an outpatient clinic and hospital study was
conducted among Filipino children 5 years old and
below living in a periurban slum and a middle-class
neighborhood. A total of 198 viral infections was
confirmed in 162 patients (51.9%), 42.3% with single
viral infection and 9.6% with mixed (two or more)
infection. The infections were measles (21.4%),
influenza A (15.9%), parainfluenza types 1, 2, and 3
(8.8%), RSV (7.1%), influenza B (5.8%), enteroviruses
(5.1%), adenoviruses (39%), herpes simplex virus
(1.6%), and cytomegalovirus (1.3%).> From April 1990
to December 1992, another local study on the
etiology of acute LRTI was identified in 119 (36.9%)
of 317 hospitalized children below 5 years of age. A
higher proportion of respiratory viruses (27.2%) than

identification of causative agents

accurate
determine the prevalence of the
pathogens and to determine the most common
pathogens involved among admitted children with
ARI. We would also like to determine the correlation
of the presence and absence of a respiratory
pathogen with the clinical manifestations, laboratory
and chest x-ray findings of admitted children with
56
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MATERIALS AND METHODS
Study design and participants

This is a cross-sectional study, using
retrospective chart review of pediatric patients
admitted in St. Luke’s Medical Center — Quezon City
who were tested with Biofire® Filmarray®
Respiratory Panel for respiratory pathogens via
mPCR from January 2018 to February 2020.
Inclusion and exclusion criteria for subject selection

This study enrolled consecutive pediatric
patients (below 19 years old) admitted for ARI and
underwent Biofire® Filmarray® Respiratory Panel
(with positive or negative results). An ARl is defined
as the presence of any symptom and/or signs such
as cough, difficulty of breathing, sore throat or
rhinorrhea. Patients with chronic medical conditions
as defined by ICD-9 code were excluded from the
study.®
Description of the study procedure

Between January 2018 to February 2020, records
of pediatric patients with acute respiratory infection
who were tested with Biofire® Filmarray®
Respiratory Panel were included. The Respiratory
Panel is a multiplex PCR system that tests for the
presence of Adenovirus (AdV), Coronavirus HKU1,
Coronavirus NL63, Coronavirus 229E, Coronavirus
0C43, hMPV, Human RhV/ Enterovirus, Influenza A,
Influenza A/H1, Influenza A/H1-2009, Influenza
A/H3, Influenza B, Parainfluenza 1, Parainfluenza 2,
Parainfluenza 3, Parainfluenza 4, RSV, Bordetella
pertussis, Chlamydophila pneumoniae and
Mycoplasma pneumoniae. The test is manufactured
in Salt Lake City, Utah. Sensitivity ranges from 94.6-
100% for most of the viruses, with the lowest
sensitivity of 90% for influenza A. Specificity is 98.3-
100% for most of the viruses in the test with 94.6%
for hMPV and 89.1% sensitivity for RSV. A
nasopharyngeal swab is obtained and placed on a
Filmarray® reagent pouch. This pouch stores all the
necessary reagents for sample preparation, reverse
transcription, PCR and detection then placed on the
Filmarray® machine. The Filmarray® software
automatically generates a result for each target in a
single report within an hour. A Respiratory Panel test
roughly costs 23,000 in Philippine pesos.
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Characteristics and variables such as age, sex,
clinical presentations, CBC, CRP, chest x-ray results
and management on admission were determined in
this study. The prevalence of respiratory pathogens,
the most commonly detected pathogens and the

signs and symptoms associated with either
Respiratory Panel positive or negative were
analyzed.

Sample size estimation

Sample size was calculated based on the
population proportion estimation. Sample size as
calculated based on the proportion of patients
positive for RSV (it having the highest sample size
calculation possible of all respiratory
microorganisms). Assuming that the proportion of
patients with RSV is 48% with a maximum allowable
error of 7.5-10%, and a reliability of 80%, sample size
required is 42-74.”
Mode of data analysis

Determination of Respiratory Panel result,
prevalence and identification of respiratory
pathogens, signs and symptoms of ARI, laboratory
and chest x-ray findings were determined using
frequency and percentage. Association of the clinical
characteristics and laboratory and chest x-ray
findings with the Respiratory Panel result was
determined using Fisher’'s exact test. Level of
significance was set at p<0.05.
Ethical considerations

The study upholds the highest ethical standard of
confidentiality, transparency and integrity in
processing personal information. The study abides
by the Principles of the Declaration of Helsinki (2013)
and was conducted along the Guidelines of the
International Conference on Harmonization-Good
Clinical Practice (ICH-GCP). The clinical protocol and
all relevant documents were reviewed and approved
by the SLMC Institutional Ethics Review Committee
on October 14, 2019. Patient confidentiality was
respected by ensuring anonymity of patient records.
Each patient document is coded and did not contain
any identifying information in order to ensure
confidentiality. The chart review was done by the
author and was done in the hospital premises. All
study data were recorded and investigators were
responsible for the integrity of the data.
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Table 1: Demographic Profile of patients with ARI who underwent
n =47(%)

Management
Antibiotic
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The manner of disseminating and communicating ;
the study results guarantee the protection of the Respiratory Panel
confidentiality of patient’s data. All study-related
) Gender Male 22 (46.8)
documents such as the all versions of the protocol, |
ethical clearance, data collection forms, hard copies Female 25 (53.2)
Age <1 8(17)
(in years) 1-5 26 (55.3)
6-12 10 (21.3)
13-18 3(6.4)
Supportive 18 (38.3)
29 (61.7)

on admission

of source documents, are kept and stored by the
principal investigator in strict confidentiality; after
be shredded. Data collection

At least 1 pathogen was detected on 76.6% of

patients, all of which were viruses. Single viral

which they will
commenced upon approval of the research protocol
infection was detected in 34 (72.3%) and viral co-

by the Institutional Review Board and Institutional

Ethics Review Committee. The study was self-

funded, one of the authors though was a lecturer for
infections in 2 (4.3%).

All respiratory pathogens detected were viruses,

Biofire® Filmarray® Respiratory Panel in 2020. The
RSV being the most prevalent followed by influenza
A/H1-2009 and hMPV. Co-infection of viruses were
detected in two patients: RSV-RhV/enterovirus and
and

coronavirus 229E-hMPV. No viral-bacterial

authors deny any other conflicts of interest.
bacterial co-infections were detected.

RESULTS
Overall, 65 Respiratory Panel tests were done in
children within the study period. All tested patients

presented with signs and symptoms of ARI but 5
Table 2: Respiratory pathogens in children with ARl who underwent
n =47(%)

were done as outpatient. 13 patient records were
found to have chronic illnesses like SLE, severe
pneumonia and septic shock with multi-organ
dysfunction syndrome, acute flaccid myelitis, SMA
type 1, Down’s syndrome and acute lymphoblastic Respiratory Panel
leukemia, chronic lung disease and were excluded in Pathogen
the study while 1 patient had 4 Respiratory Panel None detected 11 (23.4)
tests done within the study period. A total of 47 RSV 10 (21.3)
patient records met the inclusion and exclusion Influenza A/H1-2009 8(17)
criteria. hMPV 5(10.6)
Table 1 shows the characteristics of admitted Influenza B 3 (6.4)
patients with ARIs included in this study. Majority of Human RhV/Enterovirus 3(6.4)
the patients were females comprising 53.2% and Parainfluenza Virus 4 2(4.3)
most of which belong to the age group of 1-5 years Influenza A/H3 2(4.3)
old. On admission, 61.7% were started on Parainfluenza Virus 2 1(2.1)
antibiotics. Among those who tested positive for Influenza A/H1 1(2.1)
Respiratory panel, 58.3% were started on antibiotic. Coronavirus NL63 1(2.1)
After the positive Respiratory Panel result was Coronavirus 2298 1(2.1)
relayed, 23.8% discontinued the antibiotic. Among Ader?owrus _ 1(2.1)
. . . Parainfluenza Virus 1 0
11 patients who tested negative for Respiratory Darainfluenza Virds 3 0
Panel, 72.7% were started on antibiotic. After the Influenza A 0
n.egatlv.e Resp|ratory.P'anfeI result was relayed, 14.3% Coronavirus OCA3 0
discontinued the antibiotic. Coronavirus HKUL 0
Bordetella pertussis 0
Chlamydophila pneumoniae 0
Mycoplasma pneumoniae 0
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In children 5 years old and below, ARIs were :
caused mainly by RSV (21.3%, n = 10), Influenza Resmr;t.ory Panel
A/H1-2009 (12.8%, n = 6) and hMPV (10.6%, n = 5). 'g":ever 43 o15)
All children positive for RSV were noted to be less . , :
than 5 years old (see Table 3). Nasal obstruction/discharge 36 (76.6)
Retractions 37 (78.7)
Table 3: Respiratory pathogens per age group in children with ARI Tachypnea 15(31.9)
Pathogen Age (in years), n= 47 (%) Wheeze 18 (38.3)
<1 15 612 | 13-18 Crackles 23 (48.9)
Symptoms
None detected (;1) (18.6) (6%4) (4%3) Rhinorrhea 37 (78.7)
Sore throat 5(10.6)
oY (1;5.8) (81.‘5) ° ° C(.)u.gh - 42 (89.4)
Influenza A/H1-2009 0 : 1 1 Difficulty of breathing 14 (29.8)
(12.8) | (2.1) | (2.1)
Human 0 5 0 0
Metapneumovirus (10.6)
Influenza B 0 1 2 0
(2.1) (4.3) Table 5: Comparison of signs and symptoms of ARI between positive
Human Rhinovirus/ 1 1 1 0 and negative Re.spiratory Panel _ :
Enterovirus (2.1) (2.1) (2.1) Variable Positive | Negative p-
Parainfluenza Virus 4 0 1 1 0 SIGNS (n=°36) (n=31) value
2.1) | (2.1) n (%) n (%)
Influenza A/H3 0 |2(43)] o 0 Fever erse”tt 3‘; ((75%')1) 92(?:69))) 0.229
sen
Parainfluenza Virus 2 0 0 1(2.1) 0 Nasal Present | 27 (75) 9 (25) 0.492
Influenza A/H1 1(2.1) 0 0 0 obstruction/ | Absent | 9(81.8) | 2(18.2)
Coronavirus NL63 0 0 1(2.1) 0 discharge
Coronavirus 229E 0 0 1(2.1) 0 Retractions Present | 16 (88.9) | 2(11.1) | 0.111
Adenovirus 0 1(2.1) 0 0 Absent | 20 (69) 9(31)
TOTAL 5 % T 3 Tachypnea Present | 12 (80) 3(20) | 0.507
(19.2) | (55.3) | (23.4) | (6.9) Absent | 24(75) | 8(25)
Wheezes Present | 15(83.3) | 3(16.7) | 0.312
Tafble.4 shc?wst that the most common physical Crackles ﬁrzsg:; 2210(8;;) 83(:5) 0101
examination finding was fever having a mean Absent | 16 (66.7) | 8 (33.3)
maximum temperature of 39.2°C, followed by SYMPTOMS
retractions and nasal obstruction or discharge. Rhinorrhea Present | 28 (75.7) | 9(24.3) | 0.570
Cough was the most common symptom followed by Absent | 8(80) 2 (20)
rhinorrhea. When positive and negative Respiratory Sore throat Present | 2 (40) 3(60) | 0.076
were compared, a respiratory Absent | 34(81) 8(19)
Cough Present | 33(78.6) | 9(21.4) | 0.332
Absent 3 (60) 2 (40)
Difficulty of | Present | 12 (85.7) | 2(14.3) | 0.287
breathing Absent | 24(72.7) 9(27.3)

Panel results
pathogen is more likely to be detected with the
presence of fever, retractions, tachypnea, wheeze,

crackles, cough and difficulty of breathing (see Table
5). No statistically significant relationship was noted

on all variables measured.
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Table 6 summarizes the laboratory and radiologic Table 7: Comparison of laboratory and chest x-ray findings between
findines athered Leukopbenia and positive and negative Respiratory Panel
& & . ) . P o 0 Variable Positive | Negative p-
thrombocytopenia were detected in 14.9% and 4.3% (n=36) (n=11) | value
of patients, respectively. Mean WBC was 10.08 x n (%) n (%)
109/L and stabs were seen on 12.8% of patients and WBC Normal 25 9 0.266
68% had neutrophilic predominance. Mean platelet (73.5) | (26.5)
count was 307 x 10°/L. CRP was done on 24 patients, Low 7 (100) 0(0)
half of patients had abnormal CRP, 20.8% had High 4 2
equivocal CRP and 29.2% had high CRP. Chest x-ray . | (66.7) | (333)
was done on 38 patients, 60.5% were radiologically Predominance | Neutrophilic 20 7 0.927
diagnosed with LRTI. On Table 7, positive and OJ_C . — (74.1) 25.9)
. . differential Neutrophilic 4 1
negative Respiratory Panel results were compared count + Stabs (80) (20)
and the presence of x-ray findings had a higher ,
. - .. . Lymphocytic 11 3
probability of yielding a positive Respiratory Panel (p (78.6) (21.4)
=0.027). Lymphocytic 1 0
Table 6: Laboratory and radiologic findings of children with ARI who + Stabs (100) (0)
underwent Respiratory Panel Platelet Normal 26 7 0.507
Laboratory findings n (%) (78.8) (21.2)
WBC n=47 Low 2(100) | 0(0)
Normal 34 (72.3) High 8 4
Low 7(14.9) (66.7) | (33.3)
High 6(12.8) CRP Results N=19 N=5 0.826
Predominance of differential count n=47 Normal 10 2
Neutrophilic 27 (57.4) (83.3) | (16.7)
Neutrophilic + stabs 5(10.6) E‘_?IU'VOC3| 4(80) | 1(20)
Lymphocytic 14 (29.8) High 5 2
Lymphocytic + stabs 1(2.1) (71.4) (28.6)
Platelet n=47 X-ray Results N=32 N=6 0.027
Normal 33 (70.2) Normal 10 >
Low 2 (4.3) (66.7) (33.3)
High 12 (25.5) bl 22 1
CRP n=24 radiographic | (95.7) (4.3)
Normal 12 (50) findings
Equi I 5(20.8
dutvoca (20.8) DISCUSSION
High 7 (29.2) . . .
Findings on chest x-ray =38 Our retrospective study of admitted children
With radiographic findings 23 (60.5) with ARI tested with Respiratory Panel revealed a
Normal 15 (39.5) 76.6% prevalence rate of respiratory viruses. This
X-ray findings n=24% finding is not surprising since most pediatric ARIs are
Streaky densities 7(29.2) of viral origin and the risk of concurrent (or
Linear/Hazy opacities 7(29.2) subsequent) bacterial infection has been reported to
Interstitial lung findings 7 (29.2) be low in children over three months of age. As the
Consolidation 2 (8.4) agents of ARlIs, viruses have constantly been shown
Increased peribronchial markings 1(4.2) to predominate.8
*One patient had more than 1 CXR finding.
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signs and symptoms including fever, nasal
obstruction/discharge, retractions,  tachypnea,
crackles, wheezes, rhinorrhea and sore throat. Our
subjects presented mainly with LRTI reflected by the
combination of cough and presence of retractions as
manifestations. Acute

Respiratory Panel were due to viruses and no
bacteria were detected. Our study showed similar
findings of previous local study on acute LRTI in
children that identified a higher proportion of
viruses (27.2%) than bacterial agents (10.7%). This is
same as the study done among hospitalized children
with ARl in China, wherein at least 1 virus was
detected on 74.7% hospitalized children with ARI
and only 22.2% had at least 1 bacteria detected.’
Other studies regarding hospitalized children with
ARIs had viral detection rates of 35-95%."” Possible
explanations for the wide differences in detection
rates in the literature include heterogeneity in study
populations, differences in presenting respiratory
symptoms, number of respiratory pathogens tested,
method used for detection and genetic variability

had abnormal f

a respiratory

between populations.
the total population for this study and most of the

respiratory pathogens were detected in this age

group. All RSV positive patients belong to this age
group. RSV is responsible for more than 50% of cases

of bronchiolitis and may also cause pneumonia

especially in children less than 2 years old.* A local
study done in 1989 supported the high incidence of
ARI among Filipino children less than 5 years old in

depressed urban communities in Metro Manila.™
The higher detection rate of respiratory pathogens

Children 5 years old and below comprise 72% of

co-i

among infants and young children has been ascribed
immune system and

to a higher infection rate, lower viral clearance rate

to underdeveloped
incomplete vaccinations. Furthermore, parents of

due
younger children may seek healthcare earlier in the
course of disease due to parental anxiety.’
Using the Respiratory Panel, RSV was the most
frequent respiratory virus detected. In a local study,

RSV was the second most frequently detected virus
out of all ARl cases however, RSV was the most

frequently detected among hospitalized patients.*?

2,7,13,14
d.

The results of this study is comparable to several
When categorized into

studies done abroa
upper and lower respiratory tract infections, the
leading viral etiology of LRTI morbidity and mortality

the most common clinical
also be a manifestation of serious conditions like
like

cough in children is mostly caused by URTI but may
bronchiectasis and the presence of chest wall

identifies more severe disease

viral

Rhinovirus/Enterovirus and RSV were detected in

one patient while Coronavirus 229E and hMPV in
only

another. There were no viral-bacterial and bacterial
nfections. 4
Coronavirus 229E was not detected as a single
a patient with ARI.

pathogen for

compared the clinical manifestations and laboratory

tests for patients with negative detection, single
No statistically

15,16

indrawings
bronchiolitis and pneumonia which are LRTIs.
These findings may also be related to RSV being the

most commonly detected respiratory pathogen in
this study and that 60.5% of patients with chest x-ray

indings.

The presence of a sign or symptom of ARI did not
show a significant relationship with the presence of

pathogen.' In cases of dual infections,

a study found that fever and cough were the two

and

main significant predictors for virus co-infection.
Fever alone was a significant predictor for bacteria
sputum were

Fever, cough,

co-infection.
infection cases than monodetected.’ Only 2 cases

significantly more frequent in virus and bacteria co-
out of 36 patients with detected pathogens have
study. Both Human

in our

co-detection

these viruses,

Among
One study

infection, and co-infections.

significant differences was found in terms of CRP

level and CBC counts.®

Whether the detected pathogens are actually the

cause of the respiratory symptoms or are simply

colonizing the respiratory tract during symptomatic

episodes remains unclear. It can be speculated that
leads to

not every infection with a pathogen
respiratory symptoms and that pathogenicity might

depend on host or environmental factors.!” Primary

infections with viral pathogens can predispose to

secondary bacterial infections.” On the other hand,
61

globally is RSV while RhV for URTIL.>* Symptoms of
ARI include cough or difficulty of breathing, other
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pathogen but an abnormal finding would mean a
LRTI exists. This study showed that there is a higher
probability of having a positive Respiratory Panel
result when chest x-ray is positive however, 4.3% of
patients will have a negative Respiratory Panel. A
negative Respiratory Panel might be due to other
bacterial pathogens not included in the panel. The
prevalence of respiratory viruses in this study could
enable approximation on the local epidemiology of
respiratory infections and will influence physicians to
decide on the management. Immunization status is
also relevant because children fully immunized
against H. influenzae type b and S. pneumoniae are
less likely to have VPDs caused by these pathogens.

2 Vol 22 No 2, pp. 55-65 July-December 2021
vaccine
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vaccinations provide
preventable diseases (VPD) which in turn decrease
the spread of related diseases, and improve child
survival prospects (as children, particularly those
under five years old, are more likely than adults to
die from VPDs).” VPDs caused by Bordetella
pertussis, S. pneumoniae, H. influenzae type B,
Corynebacterium diphtheriae, measles virus and
influenza virus frequently cause respiratory tract
diseases.”® The vaccination history of our study
subjects was not looked into but this is an important
aspect that should be explored as this may explain as
to why no bacterial pathogen was detected in our

& Javier K, Navoa-Ng JA, and Cotoco-Chu N. Rapid Detection of Respiratory Pathogens Using a Multiplex PCR Assay Among Hospitalized

in cases of diagnostic dilemmas like

However,
worsening of a disease severity despite of proper
management and inconclusive laboratory and
ancillary findings, Respiratory Panel is highly
suggested. The utility of chest x-ray as a diagnostic
respiratory pathogens has not been
is limited evidence to

The possibility of detecting multiple targets in a
for
support its routine use in distinguishing between

subjects.
single sample is particularly important when multiple
different pathogens can cause the same clinical
presentation. mPCR assays enable detection of an
array of viruses with higher specificity, sensitivity,
Potential

and faster turn-around time than previous testing tool
cultures.” established since there

viral and bacterial infections.? CRP, on the other
hand, is one of the most frequently evaluated and
indicative biomarkers for identifying bacterial
infections in children because their levels are higher
in bacterial infections than in viral infections.** In this
study though, equivocal and high CRP were detected
in half of the patients tested. This figure almost
match the high CRP values in a study wherein 66.5%
of patients with ARI was positive for a viral pathogen
using a mPCR that detects 14 respiratory viruses and

using immunoassays or
advantages also include conserving and optimizing
analysis of other samples, simplify ordering
algorithm as only one test needs to be requested,
potential saving in reagents by testing multiple
organism at once compared to testing each
pathogen separately and standardized testing.22
also have their own

59% of them had abnormal CRP.? Respiratory Panel
Chlamydophila

can detect Bordetella pertussis,
pneumoniae, and Mycoplasma pneumoniae which

are causes of atypical pneumonia. These organisms
do not respond to penicillin derivatives, which may
therapy.

these assays
limitations. Until now, implementation of multiplex

However,
molecular tests in clinical laboratories has been

hindered by the high cost of the kits. Other
disadvantages include false positive results due to
cross reactivity or unspecific amplification caused by
cause failure of antibiotic empirical
Moreover, these fastidious bacteria are difficult to

multiple primers/targets present in the reaction,
identify by culture or serology, and therefore often
rapid and accurate

false negative results due to use of preferential

amplification of one target over the other, negative

internal control due to exhaustion of reagents in
samples with a high amount of one particular

target.”? Despite of these limitations, mPCR assays
remain undetected. Thus,
identification of bacterial pathogens causing atypical

are being adopted rapidly in clinical practice.
The use of mPCR testing for respiratory viruses
among hospitalized patients was significantly
associated with decreased healthcare resource pneumonia is crucial and need to be treated with
utilization including decreased use of chest macrolides.”> However, the cost of a Respiratory
radiographs.?* Unlike CBC and CRP, a chest x-ray Panel is still quite prohibitive compared to
cannot differentiate between a viral or bacterial antibiotics and laboratory tests necessary for the
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of an

diagnosis and management
pneumonia and other ARls.

The impact of mPCR on physician antimicrobial
prescription practices remains unclear. In this study,

we observed that antibiotics are prescribed too
often. Among patients with ARI, 58.3% was already

started on antibiotic and after the positive viral
pathogen was relayed, 23.8% discontinued the
antibiotic and 87.5% of patients with a negative
Respiratory Panel result discontinued the antibiotic.

In a study by Mcculloh, physicians started antibiotics
more often in children with a negative Respiratory
discontinued

& Javier K, Navoa-Ng JA, and Cotoco-Chu N. Rapid Detection of Respiratory Pathogens Using a Multiplex PCR Assay Among Hospitalized
atypical pathogen in all children admitted with ARI, but if all

to be the most common virus in all ages. The
Influenza A and B viral antigen rapid test has a
sensitivity of 94.7% and specificity of 94% for
influenza A, while a sensitivity of 91.7% and
specificity of 97.5% for influenza B. This is almost the
same as the Respiratory Panel having a sensitivity of
90-100% and specificity of 100% for influenza A, and
100% sensitivity and specificity for influenza B. Rapid
diagnosis of influenza viruses and early treatment
with oseltamivir is crucial.?® Therefore, influenza
rapid testing may be done instead for Respiratory
Panel in detecting Influenza virus. It is a highly
sensitive and specific test and relatively cheaper

than the Respiratory Panel. The Centers for Disease
Control and Prevention (CDC) also recommended

that those patients who present with a syndrome
receive

occasionally
consistent with influenza and have a negative rapid
either

Panel result
pathogen.? These results suggest that Respiratory
a

and
antibiotics in children diagnosed with a viral
testing may enhance physician decision-

result should

Panel
making when prescribing antimicrobials in children
hospitalized with ARI. In another study, mPCR testing
less use of
antigen test
confirmatory RT-PCR test or be treated as if they
have influenza.”
The guidelines of the Royal College of Paediatrics
and Child Health (RCPCH) and the European Society
replacing

of Paediatric Infectious Diseases (ESPID) recognize
increasingly

on admission was associated with
antibiotics compared with testing with non-mPCR
is

based methods.?! In a multicenter pediatric study,

interviewing medical doctors on fictitious ARI cases,

RT-PCR decreased antibiotic use. However, in real
life, the same physicians did not alter their antibiotic

prescriptions based on the results of RT-PCR.” The
RT-PCR
immunofluorescence and serology, but they have

that
not given recommendations when to use it and what
the consequences are of the results when they
become available.”’ One of the major drawbacks of

in the emergency
the Respiratory Panel is its very high cost and
impact of respiratory virus
incompletely

difference in findings could indicate that provider
antibiotic use
is

decisions for
department or ambulatory setting may be more
impacted by clinical factors like physical examination
despite the clinical

its cost-effectiveness

or past medical history and less impacted by mPCR
test results. In addition, in these settings, decisions
are made within shorter time frames, and despite
the relatively rapid turn-around time for mPCR
testing, results may still not be timely enough to

infections,
understood.”® Respiratory Panel mainly detects
viruses and detects 3 bacterial species only, other

common pathogens like Streptococcus pneumoniae
and Hemophilus influenzae are not included in the
panel hence single bacterial infections and co-
infections that may modify the impact of respiratory
pathogens on symptom could have not been
detected. Hence, the researchers also looked on

how the most common laboratory tests and the
prevalence of respiratory pathogens may serve as a

substitute for the Respiratory Panel.

impact decision making.?!
hence rapid viral detection may help to make
appropriate decisions and decrease unnecessary
antibiotic use.’® The precise diagnosis of certain
viruses may contribute to timely antiviral agent

treatment as well, like oseltamivir against influenza
infection. In this study, Influenza A/H12009 is the

most commonly detected pathogen in children 1-5
years old and the 2" most commonly detected

Most viral infections are supportively managed,
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CONCLUSION AND RECOMMENDATIONS

In conclusion, the prevalence of respiratory
pathogens among admitted children with ARI in our
institution during the study period showed 76.6% of
children tested positive for Respiratory Panel and all
of which were viruses. RSV was the most prevalent
virus detected followed by Influenza A/H1-2009 and
hMPV. Viral co-infections were detected in 4.3%.
Due to similarities of viral and bacterial ARls, empiric
antibiotic may lead to antibiotic misuse. Respiratory
Panel, as an emerging multiplex POCT system for the
simultaneous detection of different pathogens,
provides rapid and high-yield results which can guide
diagnosis, therapy and infection control measures.”

This study was done in a comparatively small
sample size and may be continued on a larger scale.
The lack of statistical significance on some of the
findings might improve with increase in number of
subjects. Another limitation is that patients involved
were admitted patients, implying that clinical
manifestations are relatively more severe. Further
studies may also include patients seen on an
outpatient basis.

Some studies found high susceptibility for ARIls
after natural viral infections. The detection of
pathogens does not always mean that it is the cause
of the current ARI but might be due to a previous or
co-existing viral illness that could have predisposed
to the current ARI. A better understanding of the
etiological role of viral infections and the risk for
subsequent ARIs is also needed for the prevention
and management of childhood ARIs.

Lastly, future prospective studies to further
assess the impact of Respiratory Panel on outcomes
including arriving at a correct diagnosis, time to
diagnosis, use or misuse of antibiotics, minimizing
other diagnostic tests, length of hospital stay and
clinical course is recommended.

Pediatric Infectious Disease Society of the Philippines Journal

1.

10.

& Javier K, Navoa-Ng JA, and Cotoco-Chu N. Rapid Detection of Respiratory Pathogens Using a Multiplex PCR Assay Among Hospitalized

REFERENCES

Al-Ayed MS, Asaad AM, Qureshi MA, Ameen MS. Viral
Etiology of Respiratory Infections in Children in
southwestern Saudi Arabia Using Multiplex Reverse-
Transcriptase Polymerase Chain Reaction. Saudi Med J
2014; 35(11):1348-1353.

Assane D, Makhtar C, Abdoulaye D, Amary F, Djibril B,
Amadou D, et al. Viral and Bacterial Etiologies of Acute
Respiratory Infections Among Children Under 5 Years
in Senegal. Microbiol Insights [Internet]. 2018 [cited
2019 Aug 11];11:1-5. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5815
418 DOI: 10.1177/117863611875865

Capeding M, Sombrero L, Paladin F, Suzuki H,
Numazaki Y, Saniel M. Etiology of Acute Lower
Respiratory Infection in Filipino children under five
years. Southeast Asian J Trop Med Public Health 1994;
25(4):684-687.

Dayrit E. A National Program for Control of Acute
Respiratory  Tract Infections: The  Philippine
Experience. Clin Infect Dis 1999; 28(2):195-199.

Alp A. Advancement in POCT Molecular Testing: The
Multiplex PCR POCT Devices for Infectious Diseases.
EJIFCC[Internet]. 2018 Nov 7 [cited 2021 Jan 6];
29(3):205-209. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6247
132

Feudtner C, Hays RM, Haynes G, Geyer, JR, Neff, M,
Koepsell, TD. Deaths attributed to pediatric complex
chronic conditions: national trends and implications
for supportive care services. Pediatrics [Internet]. 2001
Jun; [cited 2021 Jul 12];107:E99. Available from
https://pediatrics.aappublications.org/content/107/6/
€99#T1 DOI: 10.1542/peds.107.6.e99

Jennings LC, Anderson TP, Werno AM, Beynon K,
Murdoch DR. Viral Etiology of Acute Respiratory Tract
Infections in Children Presenting to Hospital: Role of
Polymerase Chain Reaction and Demonstration of
Multiple Infections. Pediatr Infect Dis J 2004,
23(11):1003-1007.

Bicer S, Giray T, Col D, Erdag GC, Vitrinel A, Girol Y, et
al. Virological and Clinical Characterizations of
Respiratory Infections in Hospitalized Children. Ital J
Pediatr 2013;39(22):1-10.

Wei L, Liuw, Zhang XA, Liu EM, Wo Y, Cowling BJ, et al.
Detection of Viral and Bacterial Pathogens in
Hospitalized Children With Acute Respiratory Ilinesses,

Chongqging, 2009-2013. Medicine  (Baltimore)
[Internet]. 2015 Apr [cited 2020 Nov 11];94(16).
Available from

https://pubmed.ncbi.nim.nih.gov/25906103
DO0I:10.1097/md.0000000000000742

Ruutu P, Meurman O, Torres C, Paladin F, Yamaoka K,
Tupasi, TE. Viral Lower Respiratory Tract Infections in
Filipino Children. J Infect Dis 1990; 161(2):175-179.

64



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Pediatric Infectious Disease Society of the Philippines Journal

gﬂW% Vol 22 No 2, pp. 55-65 July-December 2021

&
N

Children with Acute Respiratory Infection

Kelly M, Sandora, T. Community-Acquired Pneumonia.
Kleigman RM, et al., editors. Nelsons Textbook of
Pediatrics. 21% ed. Philadelphia: Saunders Elsevier;
2019. p. 2266-2273.

Furuse Y, Tamaki R, Suzuki A, Kamigaki T, Okamoto M,
Saito-Obata M, et al. Epidemiological and Clinical
Characteristics of Children with Acute Respiratory Viral
Infections in the Philippines: a Prospective Cohort
Study. Clin Microbiol Infect [Internet]. 2020 Sep 17
[cited 2021 Jan 6]. Available from:
https://pubmed.ncbi.nlm.nih.gov/32950713
DOI:10.1016/j.cmi.2020.09.017

Sung CC, Chi H, Chiu NC, Huang DT, Weng LC, Wang
NY, et al. Viral etiology of acute Lower Respiratory
Tract Infections in Hospitalized Young Children in
Northern Taiwan. J Microbiol Immunol Infect 2011;
44(3):184-190.

Zhang TG, Li AH, Lyu M, Chen M, Huang F, Wu J.
Detection of Respiratory Viral and Bacterial Pathogens
Causing Pediatric Community-Acquired Pneumonia in
Beijing Using Real-Time PCR. Chronic Dis Transl Med
2015; 1(2):110-116.

Simoes EAF, Cherian T, Chow J, Shahid-Salles SA,
Laxminarayan R, et al. Acute Respiratory Infections in
Children [Internet]. Disease Control Priorities in
Developing Countries, 2nd edition. Washington (DC):
The International Bank for Reconstruction and
Development and The World Bank; 2006 [cited 2021
Jul 1]. 15 p. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK11786

Kasi AS, Kamerman-Kretzmer, RJ. Cough. Pediatrics in
Review 2019 Apr; 40(4):157-167.

van der Zalm MM, van Ewijk BE, Wilbrink B, Uiterwaal
CS, Wolfs TF, van der Ent CK. Respiratory Pathogens in
Children with and without Respiratory Symptoms. The
J Pediatr 2009; 154(3):396-400.

Lin CY, Hwang D, Chiu NC, Weng LC, Liu HF, Mu JJ, et
al. Increased Detection of Viruses in Children with
Respiratory Tract Infection Using PCR. Int J Environ Res
Public Health. 2020 Jan 15;17(2):564.

Tharakan, S. Global Vaccination: Trends and U.S. Role.
Congressional Research Service Report [Internet].
2019 Oct 18 [cited 2021 Jul 12]. Available from:
https://fas.org/sgp/crs/row/R45975.pdf

Connelly KK, Starke JR. Vaccine-preventable
respiratory infections in childhood. Semin Respir
Infect. 1991 Dec;6(4):204-16.

Subramony A, Zachariah P, Krones A, Whittier, S,

Saiman, L. Impact of Multiplex Polymerase Chain
Reaction Testing for Respiratory Pathogens on
Healthcare Resource Utilization for Pediatric

Inpatients. J Pediatr[Internet]. 2016 Mar 30 [cited
2021 Jul 10]; 173:196-201 Available from:
https://www.jpeds.com/article/S0022-
3476(16)00272-9 DOI:10.1016/j.jpeds.2016.02.050

22.

23.

24,

25.

26.

27.

28.

29.

& Javier K, Navoa-Ng JA, and Cotoco-Chu N. Rapid Detection of Respiratory Pathogens Using a Multiplex PCR Assay Among Hospitalized

Palavecino E. One Sample, Multiple Results, The Use of
Multiplex PCR for Diagnosis of Infectious Syndromes.
American Association for Clinical Chemistry (AACC)
Clinical Laboratory News [Internet]. 2015 Apr 1 [cited
2021 Jul 11]. Available from
https://www.aacc.org/cln/articles/2015/april/one-
sample-multiple-results

Franquet T. Imaging of Pulmonary Viral Pneumonia.
Radiology [Internet]. 2011 July 1 [cited 2021 Jan
6];260(1):18-39. Available from:
https://pubs.rsna.org/doi/full/10.1148/radiol.1109214
9 DOI: 10.1148/radiol.11092149

Tsao YT, Tsai YH, Liao WT, Shen CJ, Shen CF, Cheng
CM. Differential Markers of Bacterial and Viral
Infections in Children for Point-of-Care Testing. Trends
Mol Med 2020 Dec;26(12):1118-1132.

Wagner K, Springer B, Impkamp F, Opota O, Greub G,
Keller P. Detection of respiratory bacterial pathogens
causing atypical pneumonia by multiplex Lightmix RT-
PCR. Int J Med Microbiol. 308(3):317-323.

McCulloh RJ, Andrea S, Reinert S, Chapin K. Potential
Utility of Multiplex Amplification Respiratory Viral
Panel Testing in the Management of Acute Respiratory
Infection in Children: A Retrospective Analysis. J
Pediatric Infect Dis Soc. 2014 Jun;3(2):146-53.
Wishaupt JO, Versteegh FG, Hartwig NG. PCR testing
for Paediatric Acute Respiratory Tract Infections.
Paediatr Respir Rev 2015; 16(1):43-48.

Reyes NM, Ng JA, Dela Eva R. Clinical Profile and
Outcome of Admitted Pediatric Patients with
Influenza. PIDSP Journal 2020 Jun. Vol 21(1):52-60.
Pinsky BA, Hayden RT. Cost-Effective Respiratory Virus
Testing. J Clin Microbiol [Internet]. 2019 Aug 26 [cited
July 15];57(9):e00373-19. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6711
893/ DOI: 10.1128/JCM.00373-19

65


https://pubmed.ncbi.nlm.nih.gov/32950713
https://www.jpeds.com/article/S0022-3476(16)00272-9/fulltext
https://www.jpeds.com/article/S0022-3476(16)00272-9/fulltext

