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Avian encephalomyelitis virus (AEV) is a single- 
-stranded RNA virus of positive polarity belonging to 
the Picornaviridae family. The virus can cause avian 
encephalomyelitis (AE) in chicks and laying hens, 
resulting in egg drop, slow growth, decreased egg 
hatchability, rapid tremors and ataxia of the head and 
neck (known as “epidemic tremor”) (2, 7, 25). The 
vertical transmission of AEV infection can result in 
severe economic losses. In 1930, Jones reported the 
first case of AE symptoms in commercially available 
two-week-old Rhode Island Red chickens (3). AE has 
been detected worldwide and has a mean mortality rate 
of 25% (18, 19). In China, AE was first reported in 
the 1980s in several provinces, such as Heilongjiang, 
Jiangsu, and Guangdong. Nowadays the Chinese 
government has demanded that the latest incidences 
of AE should be recorded and reported to responsible 
veterinary departments (20). AEV often induces high 
morbidity and variable mortality in adult hens. Most 
recent symptoms are sub-clinical and atypical, which 
increase the difficulty of diagnosis (21). A reliable 
detection method of AEV is critical for the case con-
firmation and prevention of this disease. Therefore, 

a sensitive, specific, and rapid detection method is 
extremely important for the prevention, control and 
surveillance of AE and for public health safety. The 
current detection methods for AEV contain etiological 
and serological methods. Etiological methods generally 
include virus isolation and identification (14, 26, 32) 
and indirect fluorescent antibody test (1, 24), while 
serological methods include chick embryo assay (30), 
indirect fluorescent antibody test (8), immunodiffusion 
test (12, 17, 22) and enzyme linked immunosorbent 
assay (11, 29, 31). Molecular biology-based tests 
have become essential, particularly for the detection 
of newly emerging viruses or for those that cannot be 
confirmed by conventional methods. In this study, we 
attempted to establish a novel TaqMan-based real- 
-time fluorescent RT-PCR method for the detection of 
AEV. Compared with conventional methods, this new 
technique is rapider and more sensitive. Therefore it is 
suitable for the detection of AEV in clinical samples 
and laboratory materials. It can remarkably improve 
clinical detection and monitoring of AE and conse-
quently enhance the prevention and control of this 
disease.
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Summary
Avian encephalomyelitis is an epidemic disease caused by avian encephalomyelitis virus (AEV), which exerts 

egg drop, slow growth, decreased egg hatchability, rapid tremors and ataxia of the head and neck in chicks and 
laying hens. The availability of a robust diagnostic assay to confirm the infection of AEV is important for its 
prevention and control. Thus, this study aimed to develop and validate a rapid Real-time RT-PCR assay for the 
detection and quantification of AEV. The authors developed and validated a TaqMan-based fluorescent real- 
-time RT-PCR with sensitivity, specificity and reproducibility for rapid detection of EAV. This assay was then 
applied on 52 clinical samples from 37 suspected chickens. The minimal detection limit of this method was 20 
copies. No cross-reactivity with Newcastle disease virus (NDV), avian influenza virus (AIV), Marek’s disease 
virus (MDV) or avian leukosis virus (ALV) was observed. The intra- and inter-assay coefficients of variation 
were both below 2%. Of the 52 clinical samples analyzed using this assay, 33 samples were positive for AEV, 
yielding an agreement rate of 91.2% with RT-PCR and 88.2% with the agar diffusion test. In conclusion, we 
have successfully developed and validated a sensitive Real-time RT-PCR for rapid detection of AEV, which 
could be used in the early diagnosis, prevention and control, and epidemiological investigation of AEV.
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Material and methods
Cell line and viruses. The following five virus strains 

were used for specificity evaluation in this study, including 
Newcastle disease virus (NDV) strain CS2, Avian influenza 
virus (AIV) strain H5N1 Re-6, Marek’s disease virus (MDV)  
strain FC-126, Avian leucosis virus (ALV) strains RAV1 and 
RAV2 and AEV strains 001 and 002 were kindly provided 
by Prof. Zhang Shuxia from Northwest A&F University.  
Chicken embryo fibroblast (CEF) was maintained in Dul-
becco’s modified Eagle’s medium (DMEM) (Life Technolo-
gies, USA), supplemented with 10% fetal bovine serum 
(FBS) (Life Technologies, CA, USA) at 37°C with 5% CO2. 
All viruses were passaged in CEF cells or embryonated 
eggs for 3-5 days to produce the final virus stocks. Briefly, 
a monolayer of CEF cells or embryonated egg was infected 
with the aforementioned viruses until 75%-100% cytopathic 
effect (CPE) was observed. The viral culture supernatants 
were collected and stored at –80°C until required. All 
experiments with live AEV were performed in biosafety 
level 2 laboratories.

Field samples. Fifty-two clinical samples (brain, pan-
creas, liver, duodenum and feces) were obtained from 37 
chickens at two weeks suspected of AE from two farms in 
Hebei province. Negative control samples (including the 
brain, pancreas, liver, duodenum, and feces) were obtained 
from Specific Pathogen-Free (SPF) chickens purchased 
from Beijing Meili Avignon Laboratory Animal Technology 
Co., Ltd. A 10% suspension was made from homogenized 
samples in DMEM (Life Technologies, CA, USA). After 
centrifugation at 10,000 g for 10 minutes, the upper sus-
pension was collected for further analysis. The field studies 
were approved by each farm, and the field samples were 
appropriately coded for anonymity. All animal experiment 
procedures were carried out in strict accordance with the 
guidelines of the Animal Experiment Committee.

RNA extraction. Total RNA was extracted from virus 
infected supernatants and clinical samples using the viral 
RNA kit (Omega Bio-tek, USA), according to the manu-
facturer’s instructions. RNA were eluted in a 50 µL elution 
buffer and stored at –80°C until required.

Primer design for real-time RT-PCR. The nucleo-
tide sequences of the complete genome of AEV strain 
van Roekel (GenBank: AY517471) and L2Z (GenBank: 
AY275539) were retrieved from the GenBank database. 
The primers for the AEV-specific Real-time RT-PCR assay 
were designed using Primer Express 3.0 software (Applied 
Biosystems®). Four primer sets were screened and validated 
using the BLAST program. After evaluation with differ-
ent dilutions of AEV viral RNA, the optimum primer pair 
was screened. All of the primers used in this study (Tab. 1) 
were synthesized by Invitrogen Ltd. (Shanghai). Nucleotide 

sequence (489-793 nt, artificially synthesized by Taihegene, 
China) of AEV strains was ligated to T-EASY vector (Pro-
mega, USA) to generate the recombinant plasmid AEV-P. 
The recombinant plasmid was measured and adjusted to 
a concentration of 108 copies/µL and then stored at –20°C 
until required.

RT-PCR. The conventional RT-PCR reaction was per-
formed using PrimeScript One-Step RT-PCR Kit (Takara, 
Dalian, China) with AEV specific primers TV-3(f) and 
TV-3(r) as described previously by Choi et al. (8). The 
primers amplified a 400-bp segment of the envelope gene 
of the AEV genome. The 50 µL reaction mixture contained 
2 µL of total RNA, 25 µL of 2 × One step buffer, 2 µL of 
PrimeScript One Step Enzyme Mix, 2 µL each of forward 
and reverse primer (10 µM), and 17 µL of RNase-free 
water. The reaction conditions were as follows: 50°C for 
30 min and 94°C for 2 min, followed by 35 cycles of 94°C 
for 30 sec, 55°C for 30 sec and 70°C for 30 sec, with a final 
extension step of 72°C for 10 min. The RT-PCR products 
were analyzed by agarose gel electrophoresis.

Real-time RT-PCR. Real-time RT-PCR was performed 
using GoldStarTaqMan Mixture (CW-BIO, Beijing, China) 
in the Light Cycler 2.0 system (Roche, Penzberg, Germany). 
The 20 µL reaction mixture contained 2 µL total RNA, 
10 µL GoldStarTaqMan Mixture Buffer, 1.2 µL Ex Taq 
HS mix, 0.4 µL PrimeScript PLUS RTase Mix (TAKARA, 
Dalian, China), 0.8 µL each of forward and reverse primer 
(10 µM), and 4.8 µL RNase-free water. The matrix method 
was used to determine the optimum reaction conditions and 
was carried out at 42°C for 5 min, followed by 20 sec at 
95°C, with a subsequent 40 cycles of amplification (95°C 
for 5 sec and 60°C for 20 sec, fluorescence was recorded 
at 60°C). This was followed by a melting analysis cycle 
(95°C for 5 sec; 65°C for 15 sec; 95°C for 15 sec by slowly 
increasing the temperature 0.1°C per second).

Sensitivity and specificity of the assays. The sensitiv-
ity of the Real-time RT-PCR assays was assessed against 
AEV-P from a ten-fold dilution series (101-107 copies/µL). 
The standard curve for the Real-time RT-PCR assay was 
established by plotting the log of each standard of known 
concentration in the dilution series against the Ct values 
for the corresponded concentration. The specificity of this 
assay was evaluated by a cross-reactivity test with five other 
related members of the virus genus including NDV strain 
CS2, AIV strain H5N1, MDV strain FC-126and ALV strains 
RAV1 and RAV2.

Reproducibility of the Real-time RT-PCR. Four AEV 
samples with different virus titers were obtained. RNA was 
extracted three times at different time points for testing, and 
then the inter-lot repeatability test was performed under 
the same reaction conditions. For the intra-lot repeatabil-
ity test, three samples underwent four repeatability tests 
after the RNA was extracted. The reproducibility test was 
carried out according to optimized reaction conditions of 
Real-time RT-PCR.

Evaluation with field samples. The Real-time RT-PCR 
assays were evaluated with 52 field samples; all samples 
were also tested by conventional RT-PCR assay and 
sequenced.

Tab. 1. Primers and probe
Primers/Probe name Primers/Probe sequences (5’–3’)

AEV-Forward AAACATCGGTAGGTGCCATTA

AEV-Reverse CAGTGGCGTGTAGAAAGGGA

AEV-Probe FAM-TAATACTGGACAAACTAC-TAMRA
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Results and discussion
Optimized reaction conditions of Real-time 

RT-PCR. The optimized reaction system for Real-time 
RT-PCR was as follows: 2.5 µL 10 × reaction buffer, 
2 µL dNTPs (2.5 mM), 4 µL MgCl2 (25 mM), 1 µL 
AEV-Forward (10 µM), 1 µL AEV-Reverse (10 µM), 
0.2 µL AEV-Probe (10 µM), and 1.0 IU Hot-start Pfu 
polymerase. The total reaction volume was made up 
to 25 µL with PCR-grade water after the addition of 
template. The reaction conditions were 95°C for 5 min, 
95°C for 10 sec and 40 cycles of 60°C for 50 sec. The 
final concentration of AEV-P was 0.5 µM, and the final 
concentration of Mg2+ was 5 mM.

Dynamic and standard curve. Figure 1 represented 
the dynamic curve for Ct values of 12.96, 16.09, 19.43, 
22.82, 25.84, 29.36, 32.85, corresponding to plasmid 
concentrations in the order of 101-107 copies/µL.  
The slope of the standard curve was –3.308 and the 
intercept was 37.523. A straight line equation was 
derived in accordance with the above data, which was  
y = –3.308lgx + 37.523.

The sensitivity and specificity of Real-time 
RT-PCR. The sensitivity of the real-time RT-PCR 
assays was analyzed using AEV-P ranging from 101 
copies/µL to 107 copies/µL by ten-fold dilution. 2 µL 
of plasmid in each concentration were used in the 
optimized quantitative fluorescence PCR system with 
two parallel reactions (Fig. 2A). The curves were 
basically consistent, and each concentration showed 
a strong linear relationship with the other concentra-
tions (coefficient of correlation R2 = 0.987; amplifica-
tion efficiency E = 1.0; and detection limit: 20 copies). 
No cross reaction with NDV, MDV, AIV, or ALV was 
observed.

Tests for the repeatability of Real-time RT-PCR. 
Four AEV samples with different virus titers were 
obtained. RNA was extracted three times at different 
time points for Real-time RT-PCR, and then an inter-
lot repeatability test was performed under the same 
reaction conditions. For the intra-lot repeatability test, 
three samples underwent four repeatability tests after 
the RNA was extracted for reverse transcription. The 
results showed that both the intra- and inter-assay coef-
ficients of variation were below 2%, indicating that this 
method had good repeatability (Tab. 2).

Fig. 1. Dynamic curve of amplification and standard curve
Explanations: Dynamic curve of amplification, A. Seven curves 
(1-7) represent plasmid template with concentrations of 107-101 
copies/µL respectively; B. Standard curve, Seven points (1-7) re-
present plasmid template with concentrations of 107-101 copies/µL  
respectively

Fig. 2. Sensitivity test of Real-time RT-PCR and conventional 
RT-PCR
Explanations: A. Seven curves represent plasmid templates with 
concentrations of 107-101 copies/µL respectively; B. M stands 
for standard nucleic acid marker, six channels represent plasmid 
template with concentration of 106-101 copies/µL

Tab. 2. Results of reproducible test
Standard 
plasmid 

(copies/µL)

Intra-assay Ct value Inter-assay Ct value

1 2 3 CV (%) 1 2 3 CV (%)

1.0 × 105 20.26 20.33 20.28 0.62 20.84 20.05 20.21 1.12

1.0 × 103 27.32 27.53 27.47 0.71 27.21 27.74 27.23 1.07

1.0 × 101 34.28 34.09 34.33 0.55 34.40 34.88 34.15 1.39

Evaluation with field samples. Field samples were 
tested using both Real-time RT-PCR assays and con-
ventional RT-PCR assays. A comparison of the results 
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obtained was recorded in Table 3. Samples collected 
from healthy chicks were all tested as negative for both 
assays. Of the 52 clinical samples tested, 33 samples 
were positive for AEV using Real-time RT-PCR, while 
31 samples were positive for AEV using conventional 
RT-PCR, yielding an agreement rate of 91.2%. These 
results demonstrated that Real-time RT-PCR was more 
sensitive than conventional RT-PCR.

Comparison of viral loads in different tissues. The 
viral loads of AEV in five different tissue samples were 
determined using the Real-time RT-PCR assay. The 
viral load peak of 3.01 log10 PFU/ml was observed 
in the brain samples. A median of 2.13 log10 PFU/ml 
(IQR: 1.79 to 2.69 log10 PFU/ml) was observed in the 
pancreas and duodenum samples. A median of 1.86 
log10 PFU/ml (IQR: 0.98 to 2.23 log10 PFU/ml) was 
observed in the fecal samples. The viral load median in 
the liver samples was 0.03 log10 PFU/ml (IQR: –0.74 
to 0.56 log10 PFU/ml). The results demonstrated that 
the brain tissues exhibited higher viral loads compared 
with liver, pancreas, duodenum and fecal samples in 
AEV-infected chickens.

The non-enveloped AEV particle can survive under 
a range of external environmental conditions. For 
instance, it can maintain infective activity for 70 days 
in dry or freezing conditions, and be transmitted hori-
zontally or vertically (4, 5, 13, 27). Since the majority 
of AE cases occur sporadically and have relatively 
smaller economic costs than Newcastle disease or 
Marek’s disease (16), little attention has been paid 
to this disease in numerous countries. As a result, 
AEV has led to certain economic losses by causing 
reduced hatching rates and characteristic neurologi-
cal disorders, such as tremors and ataxia in younger 
chicks. There is no effective treatment for AE. Thus, 
prevention, management and control of AEV trans-
mission are essential in disease control (28). A rapid 
and efficient diagnosis method of AEV is critical to 
achieve this goal.

Antibody detection, virus isolation and conventional 
RT-PCR are the most common techniques to detect 
AEV. However, these methods are not feasible in the 
early identification of this virus. Although virus isola-
tion has been regarded as the golden standard for virus 

detection, it does have its limitations. Specimens must 
be collected from fresh tissues, organs or blood and 
the virus must be inoculated and cultured in sensitive 
chicken embryos. Overall, virus isolation has been 
described as laborious with its difficult and time-
consuming process (3, 15). Cell culture for AEV is 
also difficult. Conventional methods, such as immuno-
fluorescence assay which is performed on frozen 
brain sections, are typically used for detecting AEV. 
Therefore, diagnostic methods with higher sensitivity 
and specificity should be developed for the effective 
prevention of AE and for AEV surveillance.

Real-time RT-PCR is based on detecting and 
monitoring the amplification of template DNA by 
fluorescence. This technique has received widespread 
acceptance due to its higher sensitivity, lower risk of 
contamination and improved rapidity and multiplex 
ability (23). Furthermore, Real-time RT-PCR enables 
the precise quantitation of nucleic acids, which makes 
it indispensable in gene normal studies (6, 9). To 
further improve the ability to detect and quantitate 
low amounts of AEV, Real-time RT-PCR assay is 
developed. The assay utilizes TaqMan technology and 
fluorescent labeled probes and permits the detection of 
minimal viruses. To quantitate viral genomes, cDNA 
amplicons carrying the T7 promoter provided by the 
forward primer is directly used to produce viral RNA 
run-off transcript.

The development of a Real-time RT-PCR system 
is designed for the detection of AEV viruses. When 
tested, the design was shown to be specific. Namely 
AEV primers and probes only detected AEV RNA but 
not other virus RNA. The inability to detect NDV, AIV, 
MDV, ALV genomes indicated the specificity of this 
system further.

A remarkable advantage of Real-time RT-PCR is its 
quantitative capability, which allows the determination 
of virus load by establishing a congruent relationship 

Tab. 3. Comparison of RT-PCR and Real-time RT-PCR test 
for the detection of AEV in field samples

RT-PCR Real-time RT-PCR

Positive 31 33*

Negative 21 19

Sensitivity (%) 91.2% 97.1%

Specificity (%) 100% 100%

Concordance 94.2% 98.1%

Assay time 105 minutes 30 minutes**

Explanations: * Ct < 37 cycles; ** By use of the LightCycler 
2.0 system

Fig. 3. Specificity test of Real-time RT-PCR
Explanations: Curve 1 represents AEV 001 strain; curve 2 repre-
sents AEV 002 strain; curves 3-7 represent NDV CS2 strain, AIV 
H5N1 Re-6 strain, ALV RAV1 strain, MDV FC-126 strain and 
negative control respectively
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that can be used to generate a standard curve. To obtain 
an accurate standard curve with the exact amplification 
efficiency as the viral genome, it is feasible to isolate 
a quantity of viruses that are sufficient to prepare 
a measurable genome. Another method is to prepare 
standard procedures by synthesizing run-off transcripts 
of viral RNA carrying the real-time amplicon. This 
method has exactly the same efficiency. The advantage 
of the system is that, the work load, time and resources 
are smaller, shorter and easier to get compared with 
the purification of large quantities of viruses. In addi-
tion, it is an optional and reliable way to quantitate 
viral RNA when the preparation of high quantities of 
virus is restricted due to the absence of a suitable cell 
system. We performed the amplification of T7 cDNA 
to prepare run-off transcripts of each virus to gener-
ate standard curves. Rather than cloning the amplified 
cDNA under the T7 promoter and then transcribing it 
(10), the current system used a cDNA fragment carry-
ing the promoter for direct transcription, which could 
generate high quantities of viral RNA.

In this study, we established a novel Real-time 
RT-PCR system with higher sensitivity (coefficient 
of correlation R2 = 0.987, amplification efficiency 
E = 1.0, detection limit: = 20 copies) than conventional 
RT-PCR. A total of 52 clinical samples were analyzed 
using this assay, and 33 samples were AEV positive, 
yielding an agreement rate of 91.2% with RT-PCR 
and 73.9% with a serological method. The detection 
results were highly consistent with the clinical find-
ings (Tab. 3).

Compared with virus isolation/identification, 
chicken embryo sensitivity test, serological diagnostic 
methods and conventional PCR methods, quantitative 
fluorescence PCR is much more sensitive, efficient, 
and rapider. This system might be a promising alterna-
tive method for the diagnosis and prevention/control 
of AEV. To sum up, a high-throughput, specific and 
sensitive Real-time RT-PCR has been successfully 
developed and validated for the detection of AEV in 
clinical samples, which has important significance for 
clinical management and outbreak response of AE in 
the future.
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