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Abstract

Rapid influenza diagnostic tests (RIDTs) could considerably assist in clinical management resolving outbreaks of diseases in
humans and animals. The RIDT for animals is rarely available and considerably expensive, especially in Thailand. In this
study, therefore, the objective of this study was to determine the capacity of a commercial human RIDT “QuickNavi™Flu2”,
an RIDT for influenza viruses A and B, to detect influenza viruses A antigen including 2 inactivated swine influenza viruses:
HIN1 and H3N2, canine parainfluenza virus, and feline calicivirus. In addition, the efficacy of QuickNavi™Flu2 was
compared with the real-time polymerase chain reaction assay (real-time rt-PCR). Both of SIV were used as stock solutions,
and were serially diluted 6 concentrations before testing. The stock and diluted solutions of both SIV, specimens of canine
parainfluenza virus, feline calicivirus and 96 unknown samples were tested by QuickNavi™Flu2 according to the guideline.
Then all of samples were repeated testing with real-time rt-PCR assay. Results showed that Quick Navi-Flu could not give
positive results for dilutions lower than 1:10 and 1:100, respectively. The sensitivity and specificity values of QuickNavi™Flu2
test in comparison to real-time rt-PCR assay for influenza A virus were 36.1% and 100%, respectively. In conclusion, a
human RIDT can detect swine influenza HIN1 and H3N2 in high viral concentration, and appeared to be a useful tool for
screening in animals when the viral load is sufficient.
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INTRODUCTION

Influenza is one of the most prevalent infectious diseases in the world.
The influenza virus can infect humans and many kinds of animals. This virus
causes acute respiratory infection and can be transmitted easily from infected
individuals to other people, animal to animal, and animal to people (Richard
and Fouchier, 2016). This virus can be infected with a broad host range, poultry
and mammalian species such as humans, pigs, horses, dogs and cats (Kaplan
and Webby, 2013). Swine influenza viruses (SIV) identified in Thailand were
HINT (29%), H3N2 (12.9%) and HIN2 (3.2%) strain (Takemae et al., 2008;
Sreta et al., 2009). Pig that infected with SIV was probably 100% of morbidity
rates and have a bad affected on pig’s health seriously.

One of the most essential procedures to control epidemic diseases
before its transmission into the large population is early diagnosis of disease
(Andresen and Kesson, 2010). A variety of different diagnostic methods can
be used to detect the presence of influenza viruses in respiratory specimens,
including direct antigen detection tests (Chidlow et al., 2010), virus isolation
in cell cultures, and detection of influenza-specific RNA by real-time reverse
transcriptase (RT)-polymerase chain reaction (PCR) (Kang et al., 2010). While
the gold standard for the diagnosis of influenza is virus isolation using chicken
embryos or tissue culture method, this protocol needs a standard laboratory
and time consumption that might not be suitable for disease control program
(Pabbaraju et al., 2009).

A human rapid influenza diagnostic tests (RIDT) is the test kit for the
differential diagnosis of Influenza A and B viral strains in fresh nasal or throat
swab specimens, providing fast supplemental test results to support early
clinical diagnosis of influenza in human. This easy-to-perform test does not
require any specific equipment (such as needed for PCR) and can be performed
in any setting, thereby offering test results in less than 10 minutes in farms to
start disease control program without any further delay. However, the use of
human test kit on animal needs to be validated before using as an animal test
kits. Therefore, the objectives of this study are to determine the detection level
of virus concentrations and the possibility to use human RIDT as the test kits
for animals.

MATERIALS AND METHODS

All animal care and sample collection protocol were approved by the
Institutional Animal Care and Use Committee at the Faculty of Veterinary
Medicine, Chiang Mai University (approval no. S3/2565).

- Specimens and Samples preparation

Two of inactivated swine influenza viruses; HIN1 (A/swine/Thailand/
CU-S3246N/2012) and H3N2 (A/swine/Thailand/CU-S3673N/2012) were
used as positive stock solutions, and using saline, were serially diluted to 1:10,
1:10% 1:10° 1:10* and 1:10°. Both of inactivated swine influenza virus samples
were provided courtesy of the Faculty of Veterinary Medicine, Chulalongkorn
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University, Thailand. The negative specimens were canine parainfluenza virus
and feline calicivirus. Ninety-six unknown nasal swab samples were collected
form animals (8 dogs, 23 cats, 20 pigs and 45 dairy cattle), using the nasal swab
collecting sets, inserted into a transport tube containing viral transport media,
kept on ice, transported to the laboratory within 24 hours, and kept at -80 °C
until use.

- Detection limit and stability assessment

A total of 138 specimen sample consisted of the stock and diluted
solutions of both inactivated swine influenza viruses, specimens of canine
parainfluenza virus and feline calicivirus and 96 nasal swab samples in this
experiment were tested by commercial human RIDT “QuickNavi™Flu2”
according to the guideline. 50 pl of each sample was added to the test kit
specimen buffer and pipetted up-down 5 time. Then, the three drop of sample
was dropped to the test kit carefully and were allowed to absorb the fluid
thoroughly. The test kit was leave to stand at room temperature (15-30 °C) for
5 minutes and confirmed the presence or absence of lines in the result window.

- Real-time rt-PCR for influenza A virus detection.

All of samples which tested by QuickNavi™Flu2 were tested parallelly
with real-time rt-PCR. Viral nucleic acids were extracted from a separate
aliquot of each sample using NucleoSpin® RNA Virus kit and cDNA synthesis
by ReverTra Ace® qPCR RT Master Mix following the manufacturer’s
instructions. The ¢cDNA amplification reaction system was set at 20 pL,
including 5 xRT Master Mix 4 at uL, RNA template at 2 pg, and Nuclease-
free Water was added to make the final volume 20 pL. The cDNA synthesis
cycle was programmed as follows: 37°C for 15 min, 50°C for 5 min, 98°C
for 5 min, and finally held at 4°C. The cDNA product of each sample was
tested for influenza A virus by real-time rt-PCR. The real-time rt-PCR assays
were performed on a 7500 Fast Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA) using SensiFAST™ SYBR® Hi-ROX Kit according to
the manufacturer’s instructions. Primers and probes were taken from a recent
publication (Spackman et al.,2002) specifically to amplify a portion of the M
gene of influenza A (forward primer: 5’ AGATGAGTCTTCTAACCGAGGTCG
3’ and reverse primer: 5° TGCAAAAACATCTTCAAGTCTCTG 3°). The
positive CT value was 1- 40 and more than 40 was determined as a negative
result (Charoenvisal et al., 2013).

- Data analysis.

Considering the real-time rt-PCR as the gold standard for the detection
of influenza viruses in respiratory specimens, we determined the diagnostic
value of the QuickNavi™Flu2 by calculating its sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), diagnostic
accuracy, and their corresponding 95% confidence intervals (CI) using https://
www.medcalc.org/calc/diagnostic_test.php. Comparisons of CT values of the
positive and negative test kit result and their detected HIN1 and H3N2 viruses
were compared by t-test using Microsoft® Excel version 2019 and deemed
significant at a p-value of less than 0.05.
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Table 1 Result of the concentration of swine influenza virus detection by QuickNavi™ Flu2 and real-time rt-
PCR (+ : positive, w+ : weak positive, vw+ : very weak positive)

Swine influenza (HIN1) Swine influenza (H3N2)
StOCk. 1:10  1:10* 1:10° 1:10* 1:10° StOCk. 1:10  1:10*> 1:10° 1:10* 1:10°
solution solution
QuickNavi™Flu2  + w+ - - - - + w+ vw+ -
Realtime rt-PCR + + + + + - + + + + +
[] HIN1 [@] H3N2Z

Ci-value cut off

e m

i T
-\_5:' Fat
G L -
_—
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Positive test kit Negative test kit

Figure 1 the Ct-values of the positive and negative test kit result and their
detected HIN1 and H3N2 viruses (** indicate different CT values at p < 0.05).

Table 2 Comparison of diagnosis efficacy of QuickNavi™ Flu2 based on real-time rt-PCR result; n =138 (n:
number, CI: confidence interval)

Real-time rt-PCR

Positive Negative
QuickNavi™ Flu2 *, n 13 0
QuickNavi™ Flu2 -, n 23 102
Sensitivity, % (95% CI) 36.1 (20.8 -53.8)
Specificity, % (95% CI) 100.0 (96.5 -100.0)
Positive predictive value, % (95% CI) 100.0 (75.3 - 100.0)
Negative predictive value, % (95% CI) 81.6 (73.7 - 88.0)
Accuracy, % (95% CI) 83.3 (76.1 - 89.1)

RESULTS

In this experiment, the commercial kits QuickNavi™ Flu2 showed
the detection limit for inactivated SIV subtype HINland H3N2 where the
kits could not give positive result for dilutions lower than 1:10 and 1:100,
respectively. For the real-time rt-PCR result, both of SIV were detected at the
high dilution of 1:10,000 (Table 1). The test kit gave negative result for canine
parainfluenza virus and feline calicivirus.

QuickNavi™ Flu2 were reported as positive with CT values of real-
time rt-PCR assay as low as 10.68 (range 6.71-15.72, median 10.34) in HIN1
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and 12.63 (range 7.24-17.20, median 15.92) in H3N2. Comparisons of CT
values of the positive and negative test kit result and their detected HIN1 and
H3N2 viruses were significantly different (p<0.05), shown in Figure 1.

None of the unknown sample was positive with the QuickNavi™ Flu2
test, but 6 unknown samples were detected with influenza A virus by Realtime
rt-PCR. The efficiency of QuickNavi™ Flu2 in comparison with real-time rt-
PCR was shown in Table 2. QuickNavi™ Flu2 showed high specificity in the
detection of influenza A virus, but relatively low sensitivity.

DISCUSSION

Due to the pandemic of influenza virus emerged in human and animal.
The rapid tests for influenza became more widely used and more readily
available was produced for the strains of circulating influenza viruses (Peaper
and Landry, 2014). The advantages of rapid immunoassays included their ease
of use, particularly under field conditions, with results available quickly after
commencing the test (Green et al., 2018). In this study, QuickNavi™ Flu2 which
is the commercial RIDT for humans detected the positive SIV samples that
were derived from infected pigs in Thailand. The RIDT was found to be able
to detect swine influenza even after the virus had been inactivated. Although
the RIDT ability to detect the virus showed positive results in relatively high
concentrations of virus.

Lower Ct values on real-time rt-PCR in our samples was associated
with a higher positivity of RIDT tests, suggesting that a higher viral load was
associated with a higher positivity of the RIDT antigen test. This finding is
similar to a recently published report. There was an inverse relationship
between Ct values and viral load and those therefore qualitative results from
rt-PCR assays could be converted into quantitative viral load values in clinical
samples (Piralla et al., 2013). In addition, the recent reports suggested that
the double nasal swabs used in the rt-PCR samples might also have yielded
a higher positivity because of a higher viral load due to a greater volume of
the specimen collected by two swabs as compared to one swab in the RIDT
test (Louie et al., 2010). We collected samples from the nasal cavity which is
the standard method for collecting influenza samples. Previous reports have
suggested that nasal swab, nasopharyngeal swab, throat swab sampling was
not significantly different in viral detection (Decorte et al., 2015)

In this study, the QuickNavi™ Flu2 showed relatively low sensitivity
(36.1%) and high specificity (100%) when tested with total 138 samples (SIV
sample, negative samples and unknown samples) and compared with the real-
time rt-PCR detection of the same specimen. This is similar to study of specific
RIDT test kit for the detection of HS5, it has been reported in the detection of
avian influenza H5N1, and found that the sensitivities of these tests ranged
from 36.3% to 51.4%, which was lower than those using genome detection
methods (Chua et al., 2007). The study of human RIDT, when tested in humans
showing signs of influenza-like illness, found that variable performance of
RIDT, with reported sensitivities ranging from 27% - 61%, when compared
with real-time rt-PCR testing (Crum-Cianflone et al., 2009; Jernigan et al.,
2011). Thus, false negative results occurred more commonly than false
positive results. However, previous study of QuickNavi™ Flu that was tested
in Japanese human adults with influenza-like symptoms during outbreak of
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influenza A virus, The sensitivities and specificities were 86.8% and 98.8% for
influenza A, respectively (Drexler et al., 2009).

Negative results of RIDTs do not necessarily mean that the influenza
virus is not detected in animals and should still be considered in illness animals
(Chauhan et al., 2013). Although the RIDTs were able to detect virus at the
highest virus concentrations, some were unable to detect certain viruses at any
subsequent dilution. In addition, if the results of RIDT is a negative result
in illness animals that suspected of influenza infection. Veterinarian and
clinicians can measures to improve detection of influenza, such as, collecting
specimens early in the course of illness, ensuring that the appropriate type and
highest quality of respiratory specimen was collected, and using the current
local prevalence of influenza activity to increase or decrease the suspicion of
influenza and to assess the benefit of testing (CDC, 2010).

In conclusion, a human RIDT can detect HIN1 and H3N2 in high
viral concentration, and therefore, it cannot be used for influenza diagnosis
in mild respiratory signs animals or in non-epidemic conditions. Overall, the
results indicated that the QuickNavi™Flu2 was probably not to be used in the
diagnostic of influenza for the screening tests in animals.
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