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Abstract: A highly conserved region of /a gene of Infectious Bronchitis Virus (IBV) was chosen to design the
Reverse Transcription Loop-Mediated Isothermal Amplification (RT-LAMP) degenerate prumers. The developed
RT-LAMP assay 1s a highly sensitive, specific, rapid method to detect IBV 1n allantoid and tissue. Optimal
temperature was around 62°C and duration was 45 min. Sensitivity analysis showed that RT-L AMP assay was
10 fold more sensitive than RT-PCR. Specificity analysis showed that 3 TBV strains omitted by the previous
reported RT-LAMP assay could be detected by the improved RT-LAMP assay. In field trials, the improved
RT-LAMP assay obtained 98.4% sensitivity in 65 clinical samples while 95.4% of RT-PCR and 93.8% of the
previous reported RT-LAMP which indicates it is a powerful tool in the practical application.
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INTRODUCTION

Infectious Bronchitis (IB), an economically
unportant disease to poultty industry is caused by
Infectious Bronchitis Virus (IBV) which 15 a gamma-
coronavirus in the family Coronaviridae, the order
Nidovirales. IBV, a highly mfectious pathogen of
chicken, not only causes upper respiratory disease but
also replicates in kidney and oviduct.

IBV is an enveloped, positive-stranded RNA virus
and the 27 Kb IBV genome contains nine functional
genes, four of which encode structural proteins: Envelope
(E) glycoprotemn, mtegral Membrane (M) glycoprotein,
phosphorylated Nucleocapsid (IN) protein and Spike (3)
glycoprotein (Boursnell et al., 1987; Lai and Cavanagh,
1997).

Though commercial chickens have been vaccinated,
IR outbreaks still happen in many countries. Therefore,
rapid, sensitive, specific and simple diagnostic methods
for detecting IBV are in a great need to develop for
controlling the disease. Conventional methods for
detection of IBV include virus isolation, cell culture
mmmunoassays and molecular assays that detect the
viral RNA (Cavanagh et al, 1992, Swayne, 1998,
Hosseini ef al., 2011). However, all of these conventional
methods are considered to be time-consuming with the
requirement of specialized equipment and unsuitable for
rapid and routine detection of IBV. A novel Nucleic Acid

Amplification Method termed Reverse Transcription
Loop-Mediated Isothermal Amplification (RT-LAMP)
was developed. It relies on the principle of a strand
displacement reaction forming a stem-loop structure so
that it amplfies a target gene with high efficiency,
specificity and sensitivity which only needs simple device
such as water bath or heat block for thermal change due
to its isothermal reaction (Nagamine et «l, 2002
Notomi et al., 2000).

The amplified products can be analyzed by agarose
gel electrophoresis and the white precipitate or a
visible color change with the addition of SYBR Green
I to the amplified product which is visible to naked eyes
(Mori et al., 2001).

Chen et al. (2010) reported an RT-LAMP assay
targeting the nucleocapsid phosphoprotein gene (pre-N-
RT-LAMP) that was capable of detecing a wide
collection of IBV clinical tissue samples (88 blood, 62
kidney and 37 lung) but they did not demonstrate its
application m field clinical samples. The routine
surveillance of IBV revealed that pre-N-RT-LAMP
produced serious false negative results. In this study,
researchers have developed a new 1 step RT-LAMP
assay with degenerate primers targeting the [a gene for
detection of IBV. The RT-LAMP assay showed improved
sensitivity and specificity over the RT-LAMP assay
reported by Chen ef al. (2010).
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MATERIALS AND METHODS

IBYV isolates, control viruses and field clinical samples:
Twenty IBV 1solates were obtained from China between
2009 and 2010. Virus was propagated in 9-11 days old
embryonated Special Pathogen Free (SPF) chicken eggs
and identified by RT-PCR of the N protein gene.
Moreover, several blind passages were performed until
the dwarfing and death of embryos were observed
between 2 and 7 days after inoculation. Standard IBV
vaccine strain H52 (Merial Animal Health) was used as the
reference virus to explore the optimal reaction conditions
and detection sensitivity of RT-LAMP. The control
viruses included Newcastle Disease Virus (NDV) provided
by China Institute of Veterinary Drug Control, Infectious
Bursal Disease Virus (IBDV), Avian Leukosis Virus
(ALV), Infectious Laryngotracheitis Virus (ILTV) and
the Low Pathogenicity-Avian Infiuenza Virus (LP-AIV)
HON2 which were isolated and provided by Guangdong
Wen’s Food Co. Ltd.

The field clinical samples were obtained from 80
chicken flocks that were suspected to be infected with
IBV from 2009-2010. All samples were placed in isotonic
Phosphate-Buffered Saline (PBS), pH 7.4, contamning
antibiotics and stored at -80°C until total RNA was
extracted.

Total RNA extraction: RNA was extracted from allantoic
fluids using the Axy Prep™ Body Fluid Viral DNA/RNA
Mimprep kit (AXYGEN), according to the manufacturer’s
instructions. Total RNA was stored at -80°C until use.

Primers and one-step RT-LAMP reaction: Based on the
alignment of IBV strain sequences published in GenBank,
a highly conserved region of the /o gene was chosen to
design the RT-LAMP primers with degenerate
oligonucleotides. Four primers, F3, B3, FIP and BIP were
designed using Primer Explorer Version 3 (http://primer
explorer.jp/lamp3.0.0/index html) (Table 1). The reaction
mixture contained 2 M each of the mner primers FIP and
BIP, 0.5 M each of the outer primers F3 and B3, 1.4 mM
dANTP mix (TaKaRa), 0.6 M betaine (Sigma), 5 mM MgSO,,
8 Uof Bst DNA polymerase (large fragment, New England

Table 1: The RT-PCR and RT-LAMP primer sets. The degenerate
oligonucleotide indicated in italic type, R = G+A, Y = C+T. The
restriction sites of Eco RV were added between the Blc and B2,
indicated in bold type

Primer name __ Sequence (5-3"

F3 CCTCTGGTTCATCTAGCGGT

B3 GGGTTGTTYGGCACTACC

FIP GAGGTGACCCCGTGTTTCACGATATCGGGTGT
GTGGAAGTAGC

BIP AGGGCTTTTGAGCCTAGCGTGGATCCCTACAA
CCGTCGTATAGC

Biolabs), 1= the supplied Bst DNA polymerase buffer,
0.125 1T of AMYV reverse transcriptase (TaKaRa) and 2 pl.
of template RNA m a final volume of 25 ul. The
RT-LAMP reaction mixtures were mcubated at 65°C for
30 min and finally heat inactivated at 80°C for 5 min to
terminate the reaction.

Analysis of DNA products from the RT-LAMP assay:
The amplified DNA products from the RT-LAMP reaction
mixture were analyzed in three ways:

»  Agarose gel electrophoresis: a 5 L aliquot of the
RT-LAMP reaction mixture was separated on a 2%
agarose gel stained with ethidium bromide

*  Visual observation of white precipitates: using this
method, the result can be judged without opening
the tubes and the volatilization of RT-LAMP product
can be avoided

»  Colorimetric assay: about 1 pL. of SYBR GreenI dye
(Beijing Dingguo Biotechnology) was added to the
tube after the reaction and positive reaction mixtures
changed color from yellow to green

RT-PCR: Primers of F3 and B3 were chosen to RT-PCR.
According to the manufacturer’s recommendations, 1 step
RT-PCR reaction mixture was set up as follows: 2 ul. of
PrimeScript 1 Step Enzyme Mix, 25 pL of 2x1 Step Buffer,
1 pL of 20 pmol L™' of each of sense primer and anti-sense
primer, 5 ul. of template RNA, 21 ul. of RNase Free ddH,O.
The PCR conditions for amplification were 50°C for 30 min,
94°C for 5 min, 30 cycles of 94°C for 30 sec, 52°C for 30 sec
and 72°C for 30 sec, followed by 72°C for 10 min. The
products were analyzed on 2% agarose gel.

Sensitivity and specificity of the RT-LAMP assay: The
sensitivity of the RT-LAMP assay was determined using
10-fold serial dilutions of RNA template. The specificity of
the RT-LAMP assay was determined using 20 1BV
1solates as positive controls and 5 other avian viruses as
negative controls (1.e., ALV, HON2 ATV, ILV, NDV and
IBDV). All of these amplification reactions were compared
to 1 step RT-PCR assay.

RESULTS

Optimal temperature and reaction duration of RT-LAMP
reaction: Temperature and reaction duration were 2
parameters cntical in RT-LAMP reaction. To determmine the
optimal reaction temperature, the RT-LAMP reactions
were carried out for 30 min at 61-65°C, respectively. The
intensities of DNAs from the reactions at 61-63°C were
apparently higher than those at other temperatures and
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Fig. 1: DNA products from reactions optunizing the
temperature of RT-LAMP reaction. Lane M =
DL2000 DNA Marker; Lane N = Negative control,

Lane 1~5 = The reaction temperatures, 61 ~65°C
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Fig. 22 DNA products from reactions optimizing the
reaction duration of RT-LAMP reaction. Lane
M = DL2000 DNA Marker; Lane N = Negative
control; 1-4, 60, 45, 30 and 15 min of the reaction
duration (min)

62°C was considered as the optimal temperature (Fig. 1).
As for optimizing reaction time, the total reaction mixture
was incubated at 62°C for 60, 45, 30 and 15 min and 45 min
was considered as the optimal reaction duration for the
RT-LAMP reaction for detecting IBV (Fig. 2).

Sensitivity and specificity of RT-LAMP: To ascertain the
sensitivity of the RT-LLAMP assay, 10-fold serial dilutions
of RNA templates extracted from 1BV H120 were tested
and compared to that of the conventional RT-PCR assay
(Fig. 3). The result showed that the RT-LAMP assay had
a detection limit of 10°-fold dilution whereas RT-PCR
was able to detect at 10°-fold dilution. Therefore, the
sensitivity of 1 step RT-LAMP assay for detecting IBV 1s
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Fig. 3: Comparison of sensitivity of a) RT-LAMP and b)
RT-PCR. Lane M = DL2000 DNA Marker; Lane
0 ~ -7 (logl0), the amplification product with the
10 fold serial dilution of RNA templates. The
RT-PCR product length was about 186 bp

Table 2: Analysis results of field samples
Clinical samples

Positive result/No. of samples

Virus isolation 65/80
RT-LAMP 64/80
Pre-N-RT-LAMP 62/80
RT-PCR 61/80

about 10 tunes higher than that of RT-PCR assay. The
specificity of the RT-LAMP assay was determined with 20
IBV isolates and 5 other avian viruses. The results of all
20TBV isolates were positive while that of all 5 other avian
viruses were negative. This demonstrated that 1 step
RT-LAMP assay was specific with no cross-reaction with
other avian viruses.

Application of 1 step RT-LAMP assay to clinical samples:
Researchers collected 80 clinical samples and all these
samples were subjected to virological diagnosis, of which
65 clinical samples were positive for virus isolation and 15
were negative (Table 2). All of the negative samples were
shown to be negative by RT-LAMP, pre-N-RT-LAMP and
RT-PCR assays. As for the RT-PCR and pre-N-RT-LAMP
assays, four and three positive samples were negative
resulting 1 a sensitivity of 93.8 and 95.4%, respectively.
With 1 step RT-LAMP assay, only one positive sample
was negative, resulting in a sensitivity of 98.4%.

DISCUSSION

LAMP 18 a novel nucleic acid amplification method
which has already been applied for detection of several
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avian virus such as Newcastle disease virus (Pham et al.,
2005), infectious bursal disease virus (Xue et al., 2009),
infiuenza A (H5N1) virus (Imai et al., 2006), influenza A
(H9) virus (Chen ef ai., 2008) and so on.

In this study, researchers have developed an
unproved, sensitive, specific and accelerated 1 step
RT-LAMP assay with degenerate primers for detection of
IBV isolates and clinical samples. The advantages and
potential application of this technique has been examined
here which only need a poorly appomted laboratory and
can be performed <1 h. Furthermore, the amplified DNA
products can be visualized by colorimetric methods,
making it an ideal tool for use in the field to provide
instant results. The 1 step RT-LAMP assay i3 specific and
sensitive. The specificity of 1 step RT-LAMP assay for
IBV was demonstrated by assaying [BV 1solates and five
other avian viruses (i.e., ALV, HIN2 ATV, ILV, NDV and
IBDV). The results showed that there was no cross-
reaction with any of the five tested avian viruses. Tt is also
unportant whether it was applicable to diverse IBV
isolates. Four primers targeting the /a gene was employed
because 1t 1s highly conserved. Furthermore, at some
variable sites inside the primers, researchers used the
degenerate oligonucleotides compatible with as many
strains as possible. In order to address this issue, 20
different 1solates were tested positive. Thus, the RT-
LAMP assay is widely applicable for diverse IBV strains.
The sensitivity of 1 step RT-LAMP assay was tested in
two experiments. When researchers used the same
templates, 1 step RT-LAMP assay had about 10 fold
higher sensitivity than the RT-PCR assay.

In another experiment when 80 clinical samples were
used, 1 step RT-LAMP assay had 98.4% sensitivity while
the pre-N-RT-LAMP and RT-PCR had only 95.4 and
93.8% sensitivity, respectively. Researchers found that
the 1 step RT-LAMP missed one positive sample, the
reasons for which are still unclear. By sequencing the /a
gene of IBV 1solated from the missed sample, it 13 out of
the question that mutations might cause mismatches
between the viral RNA and primers. One possible reason
is that the amount of TBV in the missed sample was so low
that the amownt of extracted viral RNA was not enough to
trigger the LAMP reaction. To solve the problem, different
extraction protocols and kits should be tried for improving
the extraction efficacy.

Five 1solates were not detected by the pre-N-RT-
LAMP assay and researchers found the reason is the
mismatches between the viral RNA and primers.

CONCLUSION

The study presented an improved, sensitive, specific,
1 step and accelerated RT-LAMP diagnostic technique to

detect IBV. The RT-LAMP assay is feasible for use in less
well-equipped laboratories and in the field. It can be used
as a substitute for virological diagnosis in routine
screening of poultry for rapid diagnosis of IBV.
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