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ABSTRACT In this study, specific primers and fluo-
rescent probes were designed to target the thymidine
kinase (TK) gene sequence of avian infectious laryngo-
tracheitis virus (ILTV). Through specificity and sensi-
tivity tests, a real-time fluorescence-based recombinase-
aided amplification (RF-RAA) method for detecting
ILTV was established. The results showed that the
method was specific and could be used to accurately
detect ILTV, and there was no cross-reaction with
Newcastle disease virus (NDV), avian influenza virus
(AIV), or infectious bronchitis virus (IBV). Real-time
fluorescence-based recombinase-aided amplification had
high sensitivity, and the lowest detectable limit (LDL)
for ILTV could reach 10 copies/mL, 1,000 times more
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sensitive than conventional PCR (104 copies/mL), to
rival that of real-time fluorescence-based quantitative
PCR (RFQ-PCR) (10 copies/mL). This method and
RFQ-PCR were used to detect 96 samples of chicken
throat swabs with ILT initially diagnosed in clinic from
the north of China, and the coincidence rate of the
2 methods was 100%. The RF-RAA reaction required
only 20-30 minutes to completing, and its sensitivity was
much higher than that of conventional PCR. Real-time
fluorescence-based recombinase-aided amplification is
similar to RFQ-PCR and has the advantages of speci-
ficity, sensitivity, and high efficiency, so it is suitable for
early clinical detection and epidemiological investigation
of ILTV.
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INTRODUCTION

Infectious laryngotracheitis (ILT) is an acute respira-
tory infectious disease caused by infectious laryngotra-
cheitis virus (ILTV) in Gallid herpesvirus 1 (Ali et al.,
2019). Infectious laryngotracheitis often breaks out and
spreads in autumn and winter, and all day-old chickens
are susceptible to this disease. It first occurred in the
United States in 1925 and then spread all over the world,
with an infection rate as high as 90% and a mortality rate
of about 20%. It is one of the major infectious diseases
harmful to chickens and has caused huge economic losses
to the poultry industry. The main clinical signs of ILT are
dyspnea, cough, and exudates containing blood. In addi-
tion, swelling, bleeding, and erosion of laryngeal, tracheal
mucous membrane can be seen during autopsy (Jorge
et al., 2019). The clinical signs and pathological charac-
teristics of ILT are similar to those of low pathogenic
avian influenza (AI), Newcastle disease (ND), infectious
bronchitis (IB), mucous fowlpox (MF), and so on. There-
fore, cases of ILT are prone to misdiagnosis if relying
solely on clinical (Giovanni et al., 2017), which may cause
great economic losses or spread of disease. For these rea-
sons rapid, sensitive and specific detection methods are
very important for the prevention and control of ILTV.
At present, a variety of ILTV detection methods have
been established, but some of themwere limited. Isolation
and identification of ILVT is time consuming and isola-
tion rate is low; there was a problem of nonspecific reac-
tion in the detection of serum antibody level of ILTV
by enzyme-linked immunosorbent assay (ELISA).
PCR–agarose gel electrophoresis (AGE) requires toxic
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dyes; although loop-mediated isothermal amplification
(LAMP) does not need special instruments, it places
great demands on primer design and has some problems
such as non-specific reaction (Zhang et al., 2018). In
real-time fluorescence-based quantitative PCR (RFQ-
PCR), fluorescence-labeled probes or corresponding fluo-
rescent dyes are added on the basis of conventional PCR,
and the changes of PCR products are monitored by col-
lecting fluorescence signals. Real-time fluorescence-based
quantitative PCR technology has been widely used in the
detection of pathogens owing to its advantages in terms of
high sensitivity and strong specificity.

Recombinase-aided amplification (RAA) is a technique
for nucleic acid amplification under isothermal conditions
by using recombinant enzyme, single-strandDNA-binding
protein (SSB), and DNA polymerase. The principle is that
the recombinant enzyme combineswith theprimerDNAto
form a polymer, and when the primer finds a perfectly
matched complementary sequence on the template DNA,
it opens the double-stranded structure of template DNA
with thehelp of SSBand forms anewDNAcomplementary
strandunder the actionofDNApolymerase, andtheampli-
fication product grows exponentially (Daher et al., 2016).
RAA has the advantages of more simplistic operation,
faster reaction, simultaneous detection of multiple targets,
and lower requirements on equipment.This technology has
been widely used in human diseases, veterinary drugs, food
industry, agriculture, and other fields. Real-time fluores-
cence-based RAA (RF-RAA) adds a fluorescence-labeled
probe into RAA, which contains both fluorophores and
quenchers joined by an internal tetrahydrofuran (THF)
site. In the process of amplification, the probe is bound to
the amplifier, and the exonuclease recognizes and cleaves
the THF site so that the fluorophores are no longer bound
by the quenchers and can be detected. With continued
amplification, enhanced fluorescence signal is positively
correlated with the accumulation of amplification prod-
ucts, so that the amplification products can be monitored
in real time. Compared with conventional PCR,
RF-RAA has short reaction time and clear results and
can be used for qualitative and quantitative detection
(Piepenburg et al., 2006).

In this study, specific primers and probes were
designed to target the thymidine kinase (TK) gene of
ILTV, and the reaction temperature and time were
screened based on the criterion that strong fluorescence
signals could be detected in the shortest reaction time.
Finally, a rapid detection method for ILTV with
RF-RAA was established and its specificity and sensi-
tivity were verified. The throat swabs of 96 diseased
chickens clinically diagnosed as ILT were detected by
RF-RAA. This study provides an effective method for
veterinary clinical diagnosis of ILT.
MATERIALS AND METHODS

Extraction of Viral DNA/RNA

According to the instructions of DNA/RNA extrac-
tion kit (Tiangen Biotech Co., Ltd., Beijing, China),
the DNA of ILTV (AV195) was extracted; the RNA of
IBV (AV1511), AIV, and NDV (The 2 strains from clin-
ical cases identified by PCR) was extracted and reversely
transcribed into cDNA, respectively. The viral DNA was
extracted from 96 suspected ILTV-infected chicken
throat swabs from northern China for follow-up
experiments.

Primer and Probe Design for RF-RAA

According to the conserved and stable TK sequence
in ILTV genome, one pairs of specific primers and one
probe were designed according to the principle of
RAA primer design (Chen, 2018). After its specificity
was determined by BLAST comparison, it was synthe-
sized by Sangon Biotech Co., Ltd. Primer sequence
was ILTV-RAA-F: CAGTATCTGGCATCGCCTCA
TTTCTTTCTA, ILTV-RAA-R: CTCATCACTATCC
TCCTCAACCTCCTCCTC; Probe sequence was: 50-
AGTTCCCCCGGCCGGAACTCCTCCACGACCC/i6
FAMdT//idSp//iBHQ1dT/AGACGTTACTACAAGG-
30(C3 Spacer).
RF-RAA Reaction System

The reaction system was prepared according to the kit
(Qitian Biotechnology Co., Ltd. Wuxi, China). VI
buffer, 25 mL; purified water, 16.7 mL; upstream and
downstream primers (10 mmol), 2.1 mL each; probe
0.6 mL; template, 1 mL. After mixing, the liquid was
transferred into the reaction tubes, and 2.5 mL of magne-
sium acetate was added before reaction. It was put into
RFQ-PCR (Roche Diagnostics Co., Ltd. Shanghai,
China) instrument to react for 30 min. Carboxyfluores-
cein (FAM) signals were collected during the reaction.
Screening of RF-RAA Reaction
Temperature and Time

In the experiment, the reaction was carried out at 37,
38, 39, 40, and 41�C, respectively, then the optimum re-
action temperature was selected. The reaction time was
set to 30 min, and the optimum reaction time was deter-
mined according to the amplification efficiency (fluores-
cence value). When a strong fluorescence signal could be
detected in the shortest reaction time, it was the best re-
action condition.
Specificity Verification of RF-RAA

In the aforementioned reaction system, the templates
were DNA of ILTV and cDNA of NDV, AIV, and IBV
(using purified water instead of template for negative re-
action), which verified the specificity of RF-RAA
method.

Sensitivity Verification of RF-RAA

Construction of Standard Plasmids Using ILTV
genome as template DNA, the length of ILTV-RAA-F/
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ILTV-RAA-R primers was modified (according to the
requirements of conventional PCR reaction), and the
sequence was F: 50-CAGTATCTGGCATCGCCTCAT-
30, R: 50-CTCATCACTATCCTCCTCAAC-30. The re-
action conditions were as follows: predenaturation at
94�C for 5 min; denaturation at 94�C for 45 s; annealing
at 56�C for 45 s; extension at 72�C for 60 s, 35 cycles of
amplification; extension at 72�C for 10 min, preservation
at 4�C. The product was purified by gel extraction kit
(Takara Biomedical Technology Co., Ltd. Dalian,
China), and the target fragment was ligated to pMD20
plasmid. After the standard plasmid was selected by
Blue-White Screening, the copy number of DNA per unit
volume of plasmid was calculated according to Moore’s
law.
Plasmid copy number (copy/L)5 [plasmid concentra-

tion (g/mL) ! 6.02 ! 1,023]/[total fragment length
(bp) ! 660 g/mol]; total fragment length 5 vector
length (bp) 1 fragment length (bp).
RF-RAA Reaction System The constructed standard
plasmid was diluted to 100-105 copies/mL. The reaction
was based on the optimized RF-RAA reaction condi-
tions, the negative control was set up, and the lowest
detectable limit (LDL) was observed.
RFQ-PCRReaction System TBGreen Premix Dimer-
Eraser (2X) (Takara Biomedical Technology Co., Ltd.,
Dalian, China), 12 mL; upstream primer (10 mmol),
0.75 mL; downstream primer (10 mmol), 0.75 mL; tem-
plate, 2 mL (100w106 copies/mL plasmid); the final vol-
ume was made up to 25 mL with water. The reaction
system was as follows: predenaturation at 95�C for
30 s; denaturation at 95�C for 5 s; annealing at 55�C
for 30 s; extension at 72�C for 30 s, 40 cycles.
Conventional PCR Reaction System 2! Gflex PCR
Buffer (Mg21, dNTP plus), 12.5 mL; water, 10 mL; up-
stream primer (10 mmol), 0.5 mL; downstream primer
(10 mmol), 0.5 mL; Tks Gflex DNA Polymerase (1.25
units/mL), 0.5 mL; template, 1 mL (100 w107copies/mL
plasmid). The reaction system was as follows: predena-
turation at 94�C for 1 min; denaturation at 98�C for
10 s; annealing at 55�C for 15 s; extension at 68�C for
30 s, 30 cycles; extension at 68�C for 5 min.

Detection of Clinical Samples of ILT by
RF-RAA and RFQ-PCR

Throat swabs were collected from 96 chickens clini-
cally diagnosed with ILT from 8 chicken farms in north-
ern China，with the DNA was extracted and used as
template, and the RF-RAA and RFQ-PCR were used
to detect ILTV. The coincidence rate of the 2 detection
results was calculated.
RESULTS AND DISCUSSION

Primer and Probe Design for RF-RAA

Recombinase-aided amplification reaction hinges in
large measure on a good primer design. The length of
RAA primers is required to be 30-35 bp, which is
significantly longer than that of conventional PCR
primers (15-30 bp), and the best length of amplification
product is 100-200 bp (Zheng et al., 2019). The content
of primer G and C is 30%-70%. It is best to have C and T
at 50, avoiding the repetition of G, and it is best to have
G and C at 30. Any base mismatch at the 30 end will seri-
ously affect the efficiency of RAA amplification. At that
same time, primer dimers should be avoided (Chen,
2018). The primer designed in this experiment had low
continuous complementarity and met the design require-
ments; a fluorescence probe was designed to label the
primer, so that the RF-RAA method was constructed
successfully.

Screening of RF-RAA Reaction
Temperature and Time

In this experiment, the reaction temperature and reac-
tion time of RF-RAAwere screened, and when the stron-
gest fluorescence signal could be detected in the shortest
reaction time, it was the best reaction condition. Based
on these parameters, optimum reaction conditions were
determined to be 40�C for 22 minutes.

RAA is an isothermal amplification technique of
nucleic acid, the whole process is very fast, and the
detectable amplification products can be obtained
within a short time. Based on RAA, RF-RAA designs
exo probe between the upstream and downstream
primers, and amplification products can be monitored
in real time through RF-PCR instrument. Real-time
fluorescence-based RAA can take the DNA extracted
from infected tissue as a template, and there is no need
for virus purification. The sample requirements are not
strict, and it can be used to complete the testing work
in a short period of time. Real-time fluorescence-based
RAA has the advantages of high accuracy and efficiency
and is expected to occupy the market of nucleic acid
detection quickly and become the mainstream detection
method.

Specificity Verification of RF-RAA

The results showed that there was no fluorescence
curve for other viral nucleic acids and negative control
except for ILTV, which indicated that the RF-RAA
method could specifically detect ILTV and had no
cross-reaction with viral nucleic acids of NDV, AIV,
and IBV.

Sensitivity Verification of RF-RAA

The results showed that LDL was 104 copies/mL for
conventional PCR (Figure 1A). The RF-RAA detection
method established in this study had very high sensi-
tivity, its LDL was 10 copies/mL, had 1,000 times higher
than that of conventional PCR. In terms of detection
sensitivity, it could reach 10 copies/mL for both
RF-RAA and RFQ-PCR (Figure 1B and 1C), but the
time of RF-RAA detection was short and only
20-30 min was needed to complete detection while



Figure 1. Sensitivity verification of 3 kinds of technology in ILTV detection. (A) Sensitivity verification of RF-RAA in ILTV detection.1: Negative
control; 2-7: Template concentration was 100-105 copies/mL. The results showed that the lowest detectable limit of RF-RAAwas 10 copies/mL. B. Sensi-
tivity verification of RFQ-PCR in ILTV detection.1: Negative control; 2-8: Template concentration was 100-106 copies/mL. The results showed that the
lowest detectable limit of RFQ-PCR was 10 copies/mL. C. Sensitivity verification of conventional PCR in ILTV detection. M: Marker; 1-8: Template
concentration was 107-100 copies/mL; 9: Negative control. The results showed that the lowest detectable limit of conventional PCR was 104copies/mL.
Abbreviations: RF-RAA, real-time fluorescence-based recombinase-aided amplification; RFQ-PCR, real-time fluorescence-based quantitative PCR.
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Table 1. The comprehensive comparison of 3 techniques for ILTV detection.

Method Primer design
Enzyme

components
Instrument

price
Response

time
Reaction

temperature
Cross-
reaction LDL

Degree of
detection

RF-RAA 1 pair of primers,
1 probe

Recombinase,
SSB, and
polymerase

Cheap 20–30 min 37�C
Constant

No 1-10 copies/mL Real time
quantitative,
qualitative

RFQ-PCR 1 pair of primers Taq polymerase Expensive 1–2 hour High and
variable

No 10 copies/mL Real time
quantitative,
qualitative

Conventional
PCR

1 pair of primers Taq polymerase Expensive 2–3 hour High and
variable

No 104 copies/mL Qualitative

Abbreviations: RF-RAA, real-time fluorescence-based recombinase-aided amplification; RFQ-PCR, real-time fluorescence-based quantitative PCR;
SSB, single-strand DNA-binding protein.
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RFQ-PCR took more than 1 h. The laboratory can also
be equipped with portable isothermal amplification in-
strument which is much cheaper than RFQ-PCR instru-
ment, so it greatly reduces the investment in detection
equipment. And it is easy to carry and use in clinic.
The drawback is that RF-RAA needs to synthesize
and label probes in the process of reaction, with the
detection cost higher than that of conventional PCR.

Detection of Clinical Samples

A total of 96 clinical samples were tested by RF-RAA
and RFQ-PCR. The results of the 2 methods were the
same, 46 samples were positive and 50 samples were
negative. The coincidence rate of the 2 methods was
100%, and RF-RAA could be used for clinical detection
of ILT. The technical comparison of RF-RAA, RFQ-
PCR, and conventional PCR is shown in Table 1.
The RF-RAA established in this experiment provides

an effective method for the diagnosis of ILT and can be
used for large-scale screening and rapid detection of
chicken diseases, which is conducive to early interven-
tion in diseases to reduce economic losses, and is of great
significance to the poultry industry.
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