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Abstract. Accurate and timely diagnosis of influenza and respiratory syncytial virus (RSV)
infections facilitates appropriate management. We evaluated the sensitivity and specificity of
three rapid diagnostic tests (RDT) and explored the clinical differences of the two viruses in
children that presented with acute febrile respiratory illness. A prospective study was conducted
in children with febrile respiratory illness who had nasopharyngeal aspirate specimens (NPA)
tested for influenza and RSV by RT-PCR or immunofluorescence assay (IFA). The remaining
clinical material was tested for influenza and RSV using three different rapid diagnostic tests
(SDBIOLINE™: QuickNavi™: and QuickVue™). Of 165 nasopharyngeal aspirate specimens, the
sensitivities for RSV by SD BIOLINE™, QuickNavi™, and QuickVue™ were 76.9%, 83.1%, and
83.1%; and for influenza were 96.9%, 95.4%, and 96.9%, respectively. The specificities for
both viruses were 100% by all three RDT. Children with RSV were younger (1.8 vs 6.3 years),
more lower respiratory tract involvement (66.2% vs 10.8%), and more likely to received empirical
antibiotic (64.6% vs 24.6%). Expanded use of point-of-care RDTs may reduce unnecessary
empirical antibiotic and antiviral use.
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INTRODUCTION

Influenza and respiratory syncytial virus (RSV)
are the two most common causes of respiratory
illness in children (Crowe, 2011; Wright, 2011).
Both influenza and RSV often have variable and
nonspecific clinical presentations that make
them difficult to distinguish from other viruses,
including bronchitis, croup, bronchiolitis, and
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sepsis-like syndrome. Because most influenza-
like-illnesses (ILIs) are not caused by influenza
virus, anti-influenza agents should generally
not be prescribed to patients with mild disease
absent a laboratory confirmation (Fiore et al,
2011). While RSV-specific antiviral medicines
are currently not available, prompt and accurate
diagnosis of RSV can facilitate appropriate
management and reduce inappropriate
antibiotic and bronchodilator use. More
generally, expanded use of point of care rapid
diagnostic tests (RDTs) is needed to facilitate early
diagnosis and appropriate treatment, to reduce
unnecessary use of antibiotics and antivirals, and
to prevent complications.
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There are several commercially available rapid
diagnostic test kits for influenza and RSV that are
simple to use and can provide results in a few
minutes. In children, the reported sensitivity of
RDTs has varied between 20-90% for influenza
and 80-94% for RSV while specificities were
between 80-100% for both viruses (Charles and
Grayson, 2007; Yoo et al, 2007; Popow-Kraupp
and Aberte, 2011; Ozdemir et al, 2012). Factors
such as specimen type, severity of illness, timing
of specimen collection, and study population can
influence the performance of RDTs (CDC, 2016).
There have been very few studies of these tests
conducted in Asian children.

We estimated and compared the sensitivity
and specificity of three currently available RDTs
for influenza and RSV in Thai children who
presented with febrile respiratory illness. We
also compared clinical characteristics and the
management of children with influenza and RSV
in our setting.

MATERIALS AND METHODS

This prospective study was conducted at
the Siriraj Hospital, the largest university-based
national tertiary care center in Bangkok, during
August 2014 to November 2015, covering the
influenza and RSV season. Eligible patients were
<15 years of age who presented with history
of fever and one or more of the following
symptoms; cough, headache, myalgia, dyspnea,
sore throat, or diarrhea. After obtaining parental
written informed consent, a nasopharyngeal
aspirate (NPA) was obtained by a trained
laboratory technician. Samples were submitted
to the hospital laboratory for influenza and RSV
diagnostic tests. The remaining clinical materials,
keptin 2-8°C, from consecutively known positive
test for influenza or RSV, and negative test for
both viruses were then tested by study RDTs, all
within 72 hours after obtaining the samples.
Medical records were reviewed for clinical history
and presentation, immunization records, and
other laboratory results. The protocol for this

Vol. 48 (Supplement 2) 2017

study was approved by the Siriraj Institutional
Review Board.

Diagnostic tests for influenza and RSV by
RT-PCR and IFA

Diagnostic testing for influenza was either
reverse-transcriptase polymerase chain reac-
tion (RT-PCR) or immunofluorescent assay (IFA).
Although RT-PCR and IFA may have different
accuracy, a study revealed that with adequate
NPA specimens, both tests performed equally
well (Puthavathana et al, 1990). IFA was the only
test used for diagnosis of RSV. For influenza RT-
PCR, influenza RNA was extracted from the NPA
sample using a NucliSENS® easyMAG® system
(bioMérieux, Marcy-I'Etoile, France). Influenza
virus nuclei acids were detected using ProFlu™
and Prodesse® ProFAST®+kits (Hologic, Bedford,
MA). The Prodesse® ProFAST®+ kit was used to
detect for influenza subgroup hemagglutin in
(HA) gene for seasonal influenza A/H 1, seasonal
influenza A/H3, and 2009 H1N1Tinfluenza virus.
The Proflu™ kit was used to detect subtype A
or B. For IFA, influenza and RSV were detected
using LIGHT DIAGNOSTICS™ Respiratory Panel
| Viral Screening and Identification IFA (Merck
Millipore, Billerica, MA). The turnaround time
for both RT-PCR and IFA was 6 hours.

Three studied rapid tests for influenza and
RSV

Within the day of knowing the report, the left-
over specimens kept at 2-8°C were tested by the
study RDT. We studied the SD BIOLINE™ (Standard
Diagnostics, Yongin-si, Gyeonggi-do, Republic of
Korea); QuickNavi™ (Denka Seiken, Tokyo, Japan);
and QuickVue™ (Quidel, San Diego, CA) rapid
diagnostic tests. All three RDTs were performed
according to manufacturer’s instructions. For the
QuickVue™ and SD BIOLINE tests™, undiluted
NPA specimen was mixed with extraction buf-
fer in a test tube. The test strip was then placed
into the tube with the arrows pointing down.
Influenza and RSV were tested separately. The
result was read manually in 10-15 minutes. For
the QuickNavi™ test, an undiluted NPA specimen
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was placed directly into the test kit. Influenza and
RSV antigens were both simultaneously detect-
able using the same kit. QuickNavi™ results were
manually read in 8 minutes.

Data analysis

Proportions of variables in influenza-infected
patients were compared with those in RSV-
infected patients using chi-square test or Fisher’s
exact test. Data are presented as number (%),
mean + standard deviation (SD), or median
(range). Multivariate analysis for factors associ-
ated with test sensitivity was performed using
STATA™ 11 (Stata Corp LP, College Station, TX).
A p-value<0.05 was regarded as being statisti-
cally significant.

RESULTS

NPA samples from 165 children were tested
by each of the 3 rapid tests. Of the 165 speci-
mens, 65 had been previously confirmed to be
RSV positive, 65 were influenza positive, and
35 were negative for both viruses. The median
age was 2.6 years and 94 (57 %) were male. Of
the patients with influenza, 44(67.7%) were
influenza A and 21(32.3%) were influenza B.
There were no RSV and influenza coinfections.
Children with RSV were younger than those
with influenza (median age 1.8 years vs 6.3
years, respectively; p<0.001). RSV confirmed
children also had a longer duration of illness
before diagnosis. Forty-nine (75%) children
with RSV were hospitalized and 39 (60%) had
underlying diseases (mostly cardiac or pulmonary
diseases). Among the 65 children with influenza,
28(43.1%) were hospitalized and 27 (41.5%)
had underlying diseases, (mostly cardiac diseases
and malignancies) (Table 1).

Fever, cough and rhinorrhea were common
in children with RSV and influenza. RSV positive
children had more wheezing and crepitation.
Children with influenza had more myalgia, sore
throat, and headache. Twenty-five (23.1%) of
children with influenza had a history of influenza
immunization within one year.
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Forty-two (64.2 %) of RSV-confirmed and 16
(24.6%) influenza-confirmed patients received
empirical antibiotic therapy (p<0.001). The
most common empirical antibiotic used was
cefotaxime. Twenty-one (60%) children who
had neither of the viruses were also prescribed
antibiotic. Oseltamivir was empirically prescribed
in 44.6% of patients with RSV and in 51.4% of
patients that were negative for both viruses. Four
children with RSV required ventilatory support.
No patients died of their illness.

For RSV rapid tests, the SD BIOLINE™ had
76.9% sensitivity, while QuickNavi™ and Quick-
Vue™ both had a sensitivity of 83.1% (Table 2).
All three tests had 100% specificity. For influenza
rapid tests, both SD BIOLINE™ and QuickVue™
had a sensitivity of 96.9%, while QuickNavi™
had a sensitivity of 95.4%. All three tests had
100% specificity. The PPV for both influenza and
RSV test kits was 100%, but the NPV for the RSV
test kits was much lower than for the influenza
test kits (70-76.1% vs 92.1-94.6%). There were
5(7.7%) discordant results in RSV and 1 (1.5%)
in influenza.

Univariate and multivariate analysis did not
identify any factors that were associated with
RDT sensitivity for influenza or RSV. Analyzed
variables included gender, age group, peak body
temperature, duration of fever onset, day of
fever when testing, and white blood cell count.

DISCUSSION

RSV and influenza are the most common
causes of serious respiratory disease in children.
Early diagnosis of influenza infection can facili-
tate prompt antiviral treatment that can shorten
duration of iliness and reduce transmission. Simi-
larly, early diagnosis of RSV can reduce unneces-
sary use of antiviral agents, antimicrobials, and
bronchodilators. Although RSV and influenza
infections had some overlapping clinical pictures,
RSV positive children were younger, more likely
to have lower respiratory tract involvement and
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Table 1

Characteristics of children who presented with febrile respiratory illness and were diagnosed with
either influenza or respiratory syncytial virus (RSV) infection.

Characteristics Rs(x:(ig/o) Inﬂu?:lie;,Sr)) (%) p-value
Age (years)
<1 18 (27.7) 8 (12.3)
>1- <5 46 (70.8) 23 (35.4) <0.001
>5-15 1 (1.5) 34 (52.3)
Median (range) 1.8 (0.0-7.8) 6.3 (0.4-16.4) <0.001
Gender
Male 39 (60.0) 34 (52.3) 0.377
Female 26 (40.0 31 (47.7
Medical conditions
Any medical condition 39 (60.0) 27 (41.5) 0.035
Congenital malformation 8 (12.3) 6 (9.2) 0.571
Heart disease 11 (16.9) 6 (9.2) 0.193
Pulmonary disease 11 (16.9) 3 (4.6) 0.025
Malignancy 5(7.7) 3 (4.6) 0.718
Neurologic disease 4 (6.2) 3 (4.6) 1.000
Prematurity 3 (4.6) 0 (0) 0.244
Others 7 (10.8) 10 (15.4) 0.604
Clinical presentation at diagnosis
Fever (max temperature)
<37.9°C 2 (3.0) 6 (9.2) 0.059
38.0-38.9°C 43 (66.2) 30 (46.2)
=>39.0°C 20 (30.8) 29 (44.6)
Duration (days), mean+SD 3.5+£1.9 2.23+£1.43 <0.001
Cough 55 (84.6) 59 (90.8) 0.090
Duration (days), mean+SD 3.4+1.9 2.25+1.4 <0.001
Rhinorrhea 37 (56.9) 47 (72.3) 0.001
Duration (days), median (range) 3.5 (1-10) 2.1 (1-8) <0.001
Sore throat 0 (0) 7 (10.8) 0.013
Duration (days), mean+SD - 2.4+0.5 -
Myalgia 0 (0) 9 (13.8) 0.003
Duration (days), mean+SD - 1.6+0.7 -
Dyspnea 45 (69.2) 7 (10.8) <0.001
Duration (days), median (range) 2.7 (1-7) 2 (1-4) 0.181
Headache 0 (0) 6 (9.2) 0.028
Duration (days), median (range) - 1.5 (1-3) -
Diarrhea 5 (7.7 5 (7.7) 1.000
Duration (days), median (range) 3.2 (1-6 2 (1-4) 0.335
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Table 1 (Continued)

Characteristics Rs(x:ég@ lnﬂu?:,iaé;; (%) p-value
Nausea/vomiting 16 (24.6) 12 (18.5) 0.393
Duration (days), median (range) 3.0 (1-7) 2.1 (1-4) 0.117
Physical examination
Crepitation 43 (66.2) 7 (10.8) <0.001
Wheezing/rhonchi 32 (49.2) 10 (15.4) <0.001
Hospitalization 49 (75.4) 28 (43.1) <0.001
Ventilator use (6.2) 0 (0) 0.060
Treatment
Antibiotic prescription 42 (64.6) 16 (24.6) <0.001
Oseltamivir prescription 29 (44.6) 65 (100.0) <0.001

Data presented as n (%) unless specified otherwise; p-value<0.05 indicates statistical significance.
Mean = SD was used for data with normal distribution.

Table 2
Accuracy of 3 rapid diagnostic tests (RDT) for diagnosing respiratory syncytial virus (RSV) and
influenza.
Number Number Sensitivity ~ Specificity PPV NPV
with positive  with positive (%) (%) (%) (%)
RDT among RDT among
infected uninfected
patients patients
RSV
SD BIOLINE™ 50/65 0/35 76.9 100 100 70
QuickNavi™ 54/65 0/35 83.1 100 100 76.1
QuickVue™ 54/65 0/35 83.1 100 100 76.1
Influenza
SD BIOLINE™ 63/65 0/35 96.9 100 100 94.6
QuickNavi™ 62/65 0/35 95.4 100 100 92.1
QuickVue™ 63/65 0/35 96.9 100 100 94.6

Diagnostic test for influenza was by either reverse-transcriptase polymerase chain reaction or
immunofluorescent assay. Diagnostic test for RSV was by immunofluorescent assay. PPV, positive

predictive value; NPV, negative predictive value.

were generally more ill than influenza positive
children. Forty-four percent of children with
febrile respiratory illness in our setting received
empirical oseltamivir or antibiotics. We found
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sensitivities for QuickVue™, QuickNavi™, and SD
BIOLINE™ tests that ranged 77-83% for RSV and
95-97% for influenza, with 100% specificity for
both viruses.
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Our findings were similar to earlier reports of
RSV rapid test sensitivity in pediatric populations
using other immunochromatographic rapid tests.
For example, reported sensitivity using the Binax
NOW™, BD veritor™, and Directigen™ rapid tests
has varied from 67.4% to 91.1%, depending on
the collection method (Bell et a/, 2014; Miernyk
et al, 2011). Previous studies reported SD BIO-
LINE™ sensitivity of 63-65% (Jang et al, 2015),
QuickVue™ sensitivity of 57.5% (Leonardi et
al, 2015) and QuickNavi™ sensitivity of >95%.
(Kohiyama et al, 2014). Another RSV rapid
test (Directigen™) was found to have a higher
sensitivity in children (80-90%) than in adults
(14-39%) (Kohiyama et al, 2014). This may be
due to a combination of factors that includes
shorter shedding phase, lower viral titers, and
drier mucosa in adults (Mills et a/, 1971; Hall et
al, 1975).

Age may also affect the sensitivity of these
tests. The higher sensitivity of BinaxNOW™ and
BD Veritor™ ELISA kits among RSV-infected
children aged below 2 year was 73.3-92.4%,
which is higher than the 60-80% found in
older children (Papenburg et al, 2013; Bell et al,
2014). Those researchers also found diagnosis
of bronchiolitis or pneumonia and shorter dura-
tion of symptoms to be significantly associated
with increased sensitivity when BinaxNow™
was used (Papenburg et al, 2013). While most
of the children with RSV in our study were very
sick, we did not identify any factors that were
significantly associated with the sensitivity of any
of the RDTs.

We found higher sensitivities for influenza
rapid tests than those reported in other studies
in children or adults. Previous studies in children
and adults reported sensitivities for SD BIOLINE™
of 44-76.9%, QuickVue™ of 18-89%, and
QuickNavi™ between 86.4-97.4% when using
RT-PCR as the reference test, and 54.5-90%,
21.4-90%, and 24.0-93.0% when using viral
culture as the reference test (Gavin and Thom-
son, 2003; Agoritsas et al, 2006; Mehlmann

Vol. 48 (Supplement 2) 2017

et al, 2007; Rouleau et al, 2009). The higher
sensitivities found in our study could be due to
our use of NPA samples, instead of nasopharyn-
geal (NP)swabs that were used in some other
studies. NPA samples have been found to be
more optimal for RDT than NP swabs (Miernyk
et al, 2011; Bell et al, 2014). Previous studies
reported sensitivities of NPA using BD Veritor™
and BinaxNOW™ were 78.2-81.2%, compared
10 68.8-72.9% when using NP swab (Miernyk
etal, 2011; Bell et al, 2014).

Previous studies reported increased sensitivity
of influenza rapid tests on days 2-4 after
symptom onset, as compared to day one or
beyond 5-6 days of fever (Bellei et a/, 2003; Uyeki
et al, 2009; Tai et al, 2012). Other investigators
have reported that high grade fever, especially
over 39°C, is correlated with increased sensitivity
(Hara et al, 2013). Other studies (including
the present study) were unable to identify any
factors associated with test sensitivity (Velasco et
al, 2010; Tai et al, 2012; Hara et al, 2013). We
found very high specificities for all three RDTs for
both RSV and influenza, similar to most previous
reports (Ruest et al, 2003; Cheng et al, 2011;
Kohiyama et al, 2014; Leonardi et al, 2015).
As such and based on these results, it can be
concluded that false-positive results occur only
rarely.

We found a high rate of empiric antibiotic use
in all patients, which reflects concern about the
presence of serious bacterial infections. Empirical
oseltamivir was also found unexpectedly high.
This practice should be addressed in our setting.
The use of accurate rapid diagnostic tests could
help clinicians avoid unnecessary use of oseltami-
vir and antibiotics and potentially reduce medical
costs and the risk of viral resistance. These tests
would also facilitate early initiation of oseltamivir
in children with influenza. Moreover, the costs of
the three RDTs in our setting were in the range of
USD 4.5-9, much cheaper than IFA (USD 13-27)
and RT-PCR (USD 117). The strategy of using RDT
as the screening, and use reference test only in
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the cases of suspected false negative, would be
a notable cost-saving.

This study has some limitations. First, we used
IFA or RT-PCR instead of viral culture as a refer-
ence test. The use of these two reference tests
instead of culture could potentially overestimate
the sensitivities of the rapid tests we evaluated.
However, IFA and RT-PCR were both found to be
highly comparable to culture if the samples are
adequate (Rahman et al/, 2015). In this study, all
the NPA samples were collected by the pediatric
laboratory technician who was highly experi-
enced in collecting NPA SWAB, Second, we used
NPA specimens, which mean that our results
may not be generalizable to NP swab, throat or
nasal swab samples. The strength of this study
was our use of fresh clinical specimens, which is
consistent with real-life practice. We were also
able to compare commonly available test kits
using the same specimens and environment. The
results of this study will be helpful for guiding
selection of RDTs in routine clinical practice.

Children with febrile respiratory illness com-
monly received antibiotics and oseltamivir. The
3 RDTs evaluated were highly sensitive for influ-
enza and moderately sensitive for RSV. All RDTs
had perfect specificity for both viruses. Use of
these point-of-care RDTs may help to reduce un-
necessary empirical antibiotic and antiviral use.
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