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Subgroup J avian leukosis virus (ALV-]) is an avian retrovirus that causes severe economic losses in the poultry industry. The
early identification and removal of virus-shedding birds are important to reduce the spread of congenital and contact infections.
In this study, a TagMan-based real-time PCR method for the rapid detection and quantification of ALV-J with proviral DNA was
developed. This method exhibited a high specificity for ALV-J. Moreover, the detection limit was as low as 10 viral DNA copies.
The coefficients of variation (CVs) of both interassay and intra-assay reproducibility were less than 1%. The growth curves of
ALV-] in DF-1 cells were measured by real-time PCR, yielding a trend line similar to those determined by 50% tissue culture in-
fective dose (TCID,,) and p27 antigen detection. Tissue samples suspected of ALV infection were evaluated using real-time PCR,
virus isolation, and routine PCR, and the positivity rates were 60.1%, 41.6% and 44.5%, respectively. Our data indicated that the
real-time PCR method provides a sensitive, specific, and reproducible diagnostic tool for the identification and quantification of

ALV-J for clinical diagnosis and in laboratory research.

Avian leukosis viruses (ALVs) are members of the Alpharetro-
virus genus of the family Retroviridae that are associated with
avariety of neoplasms, including lymphoid and myeloid leukoses.
ALVs are prevalent in poultry flocks worldwide and cause serious
economic losses due to decreased egg production and quality, tu-
mor mortality, and low growth rate. ALV isolates from chickens
are classified into subgroups A, B, C, D, and E and the recently
identified subgroup J according to host range, viral envelope gly-
coprotein properties, and cross-neutralization patterns (1). Sub-
group A and B ALVs occur as common pathogenic exogenous
viruses, and subgroup C and D ALVs have been rarely reported in
the field. Subgroup E viruses are endogenous leukosis viruses with
low pathogenicity. Subgroup J ALV (ALV-]) is an exogenous virus
that causes myeloid leukosis (ML) in chickens. ALV-] was first
isolated from meat-type chickens and was designated subgroup J
due to its distinct envelope characteristics (2). The env gene se-
quence of the ALV-]J prototype (HPRS-103 strain) is considerably
different from those of other subgroups. However, it shares high
identities (75 to 97%) with env-like sequences from the endoge-
nous avian retrovirus (EAV) family members, suggesting that it
evolved by recombination with the env-like sequences of this fam-
ily (3, 4).

ALV-] was first isolated from broiler chickens with myeloid
leukosis in the United Kingdom. Since its first report, ALV-] in-
fection has been widely detected in multiple countries in the
Americas, Asia, and Oceania (5-7). Although the virus has a broad
host range and all chicken lines tested have been susceptible to
infection (2, 8), no field cases of ALV-J infection and tumors in
layer chickens were reported until 2004 (9). In recent years, cases
of ALV-] infection and tumors have been widely reported for
commercial layer chickens and breeders of layer chickens in the
People’s Republic of China (7, 9, 10). Many factors, such as the
type of virus, the dosage and route of inoculation, the chicken’s
age, and the type of chicken, determine the infection rate, mor-
bidity, timing of tumor formation, and mortality of ALV-J. It has
been reported that the infection rate was up to 87% in breeders of
broiler chickens, as detected by virological and serological meth-
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ods. ALV-J cases can appear at any time after 14 weeks, but the
peak incidence usually occurs before or after sexual maturity. The
minimum age of a broiler infected with ALV-] presenting myeloid
sarcoma in the field was only 4 weeks (1). Experimental results
have shown that ALV-] can be detected in the blood and cloaca
within 1 week after infection. ALV-] spreads by both vertical and
horizontal transmission, and no commercial vaccine is available.
Therefore, to reduce the spread of congenital and contact infec-
tion, the control of ALV infections depends mainly on the early
identification and removal of virus-shedding birds.

Many methods for ALV-J detection have been established, and
virus isolation in cell culture is often used as the “gold standard.”
However, this method is time-consuming, because a minimum of
7 days is required to obtain the results (11). Recently, several
(PCR) methods have been developed and applied to ALV-]J detec-
tion; these methods are more sensitive and efficient than virus
isolation in cell culture (6, 11-15). Loop-mediated isothermal am-
plification (LAMP) has also been established, with a detection
limit of five DNA copies (16). However, this method is not quan-
titative. Although quantitative competitive reverse transcription-
PCR (QC-RT-PCR) has been developed and modified for quan-
tification of ALV-J, this method is less convenient and accurate
than real-time PCR (17, 18). Moreover, Kim et al. developed a
real-time RT-PCR method for ALV-] detection using the H5/H7
primer pair. This method is highly reproducible, and the results
are positively correlated with those of QC-RT-PCR and 50% tis-
sue culture infective dose (TCIDs,) as determined by routine
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methods. However, the sensitivity of this method is much lower
than was expected (10 to 100 copies per sample) (17).

In the present study, a sensitive and specific real-time PCR
method based on a TagMan probe for ALV-] DNA quantification
was developed. ALV-] replication curves were then established by
routine methods and compared to the results of this real-time
PCR method. Moreover, the applications of this real-time PCR
method for lab experiments and for clinical detection are de-
scribed.

MATERIALS AND METHODS

Virus and clinical sample treatment. ALV-A (RAV-1), ALV-B (RAV-2),
ALV-C (RAV-49), ALV-E (RAV-0), ALV-J (HPRS-103), chicken infec-
tious anemia virus (CAV; M9905 strain), and avian reticuloendotheliosis
virus (REV; HLJR0901 strain) were maintained in our laboratory. Four-
teen ALV-] strains (LN08SY10, JLOS8CH3-1, LN08SY31, SD09DP04,
HLJ09SHO1, HLJ09SHO02, HuB09JY03, HuB09HWO02, HuBO9HWO3,
HLJ10SHO03, HLJ10SHO04, JLIOHWO01, JLIOHWO02, and HLJOSMD]J01)
were identified and isolated previously by our laboratory (19). Infectious
laryngotracheitis virus (ILTV) and Marek’s disease virus (MDV) were
obtained from the corresponding subject groups of the Harbin Veterinary
Research Institute. A total of 173 liver and spleen samples suspected of
ALV infection were obtained from flocks in China (20). Tissue samples
were homogenized in phosphate-buffered saline (PBS) containing 1,000
units/ml of penicillin and streptomycin and subsequently centrifuged at
6,000 X g for 5 min at 4°C. An aliquot of the supernatant was subjected to
proviral DNA extraction as a template for real-time PCR and routine PCR
assays. The remaining portions of the supernatants were passed through
0.22-pm filters and inoculated onto a DF-1 cell monolayer cultured in
Dulbecco modified Eagle medium (DMEM) supplemented with 10% fe-
tal bovine serum (FBS). After 2 h, the cells were overlaid with DMEM
supplemented with 2% FBS and incubated at 37°C in a 5% CO, atmo-
sphere for 7 days. The DF-1 cell cultures were then harvested for p27
antigen detection.

Proviral DNA extraction. The proviral DNA of cell culture and tissue
samples was extracted as previously described (19). Briefly, the superna-
tants were lysed in tissue lysis buffer (4 M guanidine hydrochloride, 25
mM sodium citrate, and 1% Triton X-100) and extracted twice with phe-
nol-chloroform-isoamyl alcohol (25:24:1). The DNA was precipitated
with absolute isopropanol, washed with 70% ethanol, and dried at room
temperature. Subsequently, the DNA was resuspended in nuclease-free
water and stored at —80°C.

Primer design. To detect and distinguish ALV-J from other ALV sub-
groups (ALV-A, ALV-B, ALV-C, ALV-D, and ALV-E) and the EAV fam-
ily, a pair of primers was designed by aligning previously published ALV
sequences. The forward primer (ALV-JNF, nucleotide positions 5296 to
5315 [5'-TTGCAGGCATTTCTGACTGG-3']) was designed against the
3’ region of the pol gene, which is conserved among several subgroups but
not in the EAV family, according to the ALV-J sequence (HPRS-103;
GenBank accession number Z46390.1). The reverse primer (ALV-JNR,
nucleotide positions 5490 to 5509 [5'-ACACGTTTCCTGGTTGTTGC-
3']) was designed from a well-conserved region of the gp85 gene of ALV-],
which could be distinguished from other subgroups. The TagMan probe
(nucleotide positions 5376 to 5400 [5'-CCTGGGAAGGTGAGCAAGAA
GGA-3']) was a 23-bp oligonucleotide located downstream of ALV-JNF.
The 5" end of the probe was labeled with FAM (6-carboxyfluorescein),
and the 3" end was labeled with BHQ1 (Black Hole Quencher 1).

Real-time PCR. Real-time PCRs were performed with a LightCycler
480 real-time thermocycler (Roche Instrument Center, Switzerland). To
obtain optimal specific fluorescent signals, the annealing temperature and
primer, probe,and Mg> " concentration were optimized. The reaction was
performed in a 25-pl system containing 1 pl of cDNA, 2.5 pl of 10X Ex
Tagq buftfer, 2 pl of deoxynucleoside triphosphate (ANTP) (2.5 mM), 1 pl
of MgCl, (75 mM), 1 wl of ALV-JNF (10 pM), 1 pul of ALV-JNR (10 pM),
0.5 pl of probe (10 pM), 1 unit of Ex Taq HS (TaKaRa, China), and the
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appropriate volume of double-distilled water (ddH,O). The real-time
PCR was carried out with a predenaturation step at 95°C for 5 min and
amplification for 40 cycles at a melting temperature of 95°C for 10 s and an
annealing/elongation temperature of 65°C for 40 s. Fluorescent signals
were collected during the elongation step.

Plasmid standard preparation. A 214-bp fragment of ALV-] was am-
plified with the primer pair ALV-JNF/ALV-JNR and then cloned into the
pMD-18T vector (TaKaRa) to obtain the recombinant plasmid pMD-
JNS. The concentration of the plasmid was determined with a UV spec-
trophotometer, and the plasmid copy number was calculated using the
following formula: number of copies = (concentration in ng X 6.022 X
1023)/(gen0me length X 10° X 650) (21). Serial dilutions from 1 X 10* to
1 X 10'° copies/pl of the plasmid standard DNA were used to produce a
standard curve.

Cell infection. DF-1 cells were infected with ALV-]J (the HLJOSMDJ01
strain, previously isolated and identified in our lab) at a multiplicity of
infection (MOI) of 0.1 and incubated at 37°C in DMEM supplemented
with 2% FBS. At 1, 2, 3, 4, 5, 6, and 7 days postinfection, infected cell
cultures were harvested, and the supernatant fluid was gathered after three
rounds of freeze-thawing. A portion of the supernatant was subjected to
proviral DNA extraction. The remaining portion was used for p27 antigen
detection using an avian leukosis virus antigen test kit.

Animal infection. Twenty-five specific-pathogen-free (SPF) chickens
were infected by intra-abdominal injection of 1 X 10°> TCIDg,s of
HLJ08MD]JO01 at 1 day old. Twenty-four uninfected control birds were
injected with DMEM. Infected and control birds were reared separately in
negative-pressure isolators. At 1, 2, 3, 4, 8, 12, 16, and 24 weeks postinfec-
tion, three chickens from each group were randomly chosen to be bled.
The anticoagulant blood samples were collected for proviral DNA extrac-
tion.

Routine PCR. The routine PCR amplification of ALV-] was per-
formed with the subgroup-specific primers described by Smith et al. (14).
The primers used were H5, 5'-GGATGAGGTGACTAAGAAAG-3’, and
H7, 5'-CGAACCAAAGGTAACACACG-3'. A 545-bp band was ampli-
fied by these primers, as observed via gel electrophoresis. The reaction was
performed in a 25-pl mixture containing 1 .l of cDNA, 2.5 pl of 10X Ex
Tagq buffer, 2 pl/liter of ANTP (2.5 mM), 1 wl of H5 primer (10 pM), 1 pl
of H7 primer (10 pM), 1 U of Ex Taq HS (TaKaRa), and the appropriate
volume of ddH,0. The PCR procedure was as follows: 95°C for 5 min; 35
cycles of 95°C for 30 s, 56°C for 30 s, and 72°C for 30 s; and a final
extension at 72°C for 10 min. PCR products were evaluated by 1.0%
agarose gel electrophoresis.

P27 antigen detection by ELISA. ALV p27 antigen was detected with
the avian leukosis virus antigen test kit (IDEXX, Inc., Westbrook, MA) by
following the procedure recommended by the manufacturer. In brief, 100
wl of diluted sample was dispensed into appropriate wells, and the plates
were covered and incubated for 60 min at room temperature. The wells
were then washed 5 times with distilled water. Then, 100 wl of (rabbit)
anti-p27-horseradish peroxidase (anti-p27-HRPO) conjugate was added
to each well, and the plate was incubated for 60 min at room temperature.
The wells were then washed 5 times with distilled water, after which 100 .l
of TMB (3,3',5,5'-tetramethylbenzidine) substrate solution was added to
each well, and the plate was incubated for 15 min at room temperature.
Finally, 100 pl of stop solution was dispensed into each well to stop the
reaction. Absorbance values were measured and recorded at 650 nm.

RESULTS
Standard curve for real-time PCR. To generate a standard curve,
the plasmid pMD-JNS was serially diluted from 1 X 10'° copies/pl
to 1 X 10" copies/pl, and the nucleotide concentrations were de-
tected by real-time PCR assay. Threshold cycle (C;) values were
plotted against the known copy numbers of the standard controls.
Figure 1 demonstrates the good correlation between copy number
and Cy value (error = 0.139, efficiency = 2.214).

Real-time PCR specificity for ALV-J. Viral DNA from 15

Journal of Clinical Microbiology


http://www.ncbi.nlm.nih.gov/nuccore?term=Z46390.1
http://jcm.asm.org

Standard Curve

Error:0.139
Efficiency:2.124
Slope:-3.057
Yintercept:40.89

2 4 : 8 10
Log Concentration
FIG 1 Standard curve of real-time PCR for the detection of ALV-]J. The copy
number of the plasmid pMD-JNS was determined spectrophotometrically.
The plasmid was serially diluted from 1 X 10'° copies/pl to 1 X 10" copies/pl
for use as standard controls. The concentration refers to the template copy
number per reaction.

ALV-] isolates, other ALV subgroups (A, B, C, and E), and some
other DNA viruses and RNA viruses, including REV, CAV, MDV,
and ILTV, were subjected to real-time PCR. The results showed
that the proviral DNA of all 15 ALV-] viruses (HPRS-103,
LNO08SY10, JLOSCH3-1, LN08SY31, SD09DP04, HLJ09SHOI,
HLJ09SHO02, HuB09JY03, HuB09HWO02, HuB09HWO3,
HLJ10SH03, HLJ10SH04, JLIOHWO1, JL10HWO02, and
HLJ08MD]JO01) could be detected (Fig. 2). In contrast, we did not
detect fluorescent signals from the other virus samples, suggesting
the specificity of the real-time PCR for ALV-].

Real-time PCR sensitivity and reproducibility. Next, the sen-
sitivity of the real-time PCR was compared with that of routine
PCR. The recombinant plasmid pMD-H57, containing a 545-bp
fragment that could be amplified with primers H5 and H7, was
used as a template. The data showed that the detection limit of the
real-time PCR was fewer than 10 copies (data not shown), whereas
the limit for routine PCR with the H5/H7 primer pair was 100
copies (Fig. 3). Therefore, the sensitivity of our real-time PCR
assay was at least 10 times higher than that of the routine PCR
assay.

The interassay and intra-assay coefficients of variation (CVs)
in the C; values for input copy number were determined with the
plasmid standard DNA (1 X 10%, 1 X 10% and 1 X 107 plasmid
copies/pl). All tests were repeated three times. Table 1 shows that

Real-Time PCR for ALV-J
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FIG 3 Routine PCR with H5 and H7 primers for the detection of ALV-]J. PCR
revealing a 545-bp amplicon specific to ALV-]. The detection limit was 100
copies. Lane M, DNA marker DL-2000 (TaKaRa, Japan).

all CVs were less than 1% (the interassay CV was 0.438 to 0.651%,
while the intra-assay CV was 0.070 to 0.571%).

Virus growth curve in cell culture. Growth curves of ALV-J in
DEF-1 cells were determined based on virus copies, the value of the
ratio of the sample to the positive control (S/P) for p27 antigen
detection, and the TCIDs, of the supernatant collected daily. The
curves established by virus copies and S/P values were very similar,
though the numerical values of the virus copy curve were higher
than those of the S/P value curve (Fig. 4). Both curves increased
constantly for the first 7 days postinfection. The curve of TCID5,
also demonstrated a consistently increased trend line, with a lower
level, 0.5 log,, TCID5,/100 pl, at the 1st day postinfection and a
much higher level, 4.5 log,, TCID4,s/100 pl, at the 7th day postin-
fection. This result indicated that the real-time PCR method could
be used to measure the viral growth of ALV-].

Detection of ALV-]J in the sera of experimental animals. Rou-
tine PCR and real-time PCR methods were used to measure ALV-]
in blood samples taken from infected and control chickens. ALV-]
infection was detected from 1 week postinfection in the infected
group and lasted for the entire experimental period (24 weeks
postinfection). No ALV-] was detected in the control group. The
positivity ratios of detection in the infected group by routine PCR
and real-time PCR methods were 80.0% and 88.0%, respectively
(Table 2).

Amplification Curves

Fluorescence (465-510)

2 4 6 8 10 12 14 16

18 20 22 24 26 28 30 32 34 36 38 40
Cycles

FIG 2 Specificity of the real-time PCR method for the detection of ALV-]. Twenty-three virus strains, including 15 ALV-J strains, were used to test the specificity
of the assay. Red curves (HPRS-103, LN08SY10, JLOSCH3-1, LN08SY31, SD09DP04, HLJ0O9SHO1, HLJ0O9SHO02, HuB09JY03, HuBO9HW02, HuB0O9HWO03,
HLJ10SHO03, HLJ10SH04, JLIOHWO1, JLIOHWO02, and HLJO8MDJ01) were considered positive, and green curves (ALV-A [RAV-1], ALV-B [RAV-2], ALV-C
[RAV-49], ALV-E [RAV-0], CAV [M9905 strain], and REV [HLJR0901 strain]) were considered negative.
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TABLE 1 Reproducibility of real-time PCR?

No. of DNA
Reproducibility copies Cy (mean = SD) CV (%)
Intra-assay 10° 23.17 = 0.016 0.070
10° 19.84 £ 0.069 0.350
107 16.49 + 0.094 0.571
Interassay 10° 23.30 £ 0.102 0.438
10° 19.91 + 0.130 0.651
107 16.59 = 0.076 0.457

“ The interassay and intra-assay coefficients of variation (CV) in the C;-values for input
copy number were determined with the DNA plasmid standard (1 X 10°, 1 X 10°, and
1 X 107 plasmid copies/pl). All tests were repeated three times.

Detection of ALV-]J from clinical samples. A total of 173 tissue
samples suspected of ALV infection were evaluated for ALV-] pro-
viral DNA using the real-time PCR method. The positivity rate
was 60.1% (104/173) (Table 3). Routine PCR and virus isolation
were also performed on the same samples. However, the positivity
rates of ALV-] infection determined using routine PCR and virus
isolation with p27 detection were 44.5% (77/173) and 41.6% (72/
173), respectively (Table 3). Among those that were positive by
real-time PCR (104 samples), 45 samples were also positive by
both routine PCR and virus isolation with p27 detection. Another
59 samples were scored as negative by either routine PCR or virus
isolation with p27 detection or both. These results showed that the
real-time PCR screen was more sensitive than routine PCR and
virus isolation with p27 detection.

DISCUSSION

Since 2004, cases of ALV-] infection and tumors have been widely
reported for commercial layer hens and breeders of layer chickens
in the People’s Republic of China (7,9, 10). ALV-] spreads by both
vertical and horizontal transmission, and no commercial vaccine
is available. Therefore, the control of ALV infections depends
mainly on the early identification and removal of virus-shedding
birds to minimize the spread of congenital and contact infection.
Virus isolation is a standard method for diagnosis, but it requires
complex cell culture procedures and requires more than a week to
obtain results (14). Obviously, this is not a satisfactory method for
the identification and removal of virus-shedding birds. Recently,
several molecular methods, including PCR and LAMP, have been
developed and applied (6, 11-16). In this study, a specific, sensi-
tive, and quantitative real-time PCR method was developed for
ALV-J detection. ALV-] is the member of the family Retroviridae,
which shares the same basic genomic structure and mode of rep-
lication as other retroviruses. The RNA genome in the viral parti-
cles is reverse transcribed into a DNA form, the provirus, in the
infected cells. Several PCR methods have been established based
on either the RNA or DNA form of the genome (13, 14, 17, 18,22).
Because DNA is more stable and can be manipulated more con-
veniently than RNA, the DNA genome was selected as the PCR
template in this study.

The env gene of ALV-] differs greatly from those of ALV sub-
groups A through E but has high identity to env-like sequences of
the EAV family of endogenous avian retroviruses (3). The exis-
tence of EAV-HP elements in several lines of chickens could in-
terfere with the specific amplification of the env gene sequences of
ALV-J; thus, it was necessary to choose primers that selectively
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amplify the region specific to the exogenous virus. Smith et al.
developed a PCR with the H5/H7 primers that was successfully
used to detect ALV-J (14). The forward primer (H5) was designed
based on the 3’ region of the pol gene and was conserved across
several ALV subgroups. The reverse primer (H7) was designed
based on a well-conserved region of the env gene of ALV-], which
could distinguish this virus from ALVs of other subgroups. In this
study, we designed a set of real-time PCR primers (JNF/JNR) sim-
ilar to the H5/H7 primer pair; the JNF primer is located within the
3’ region of the pol gene, and JNR is in the 5’ region of the env gene
of ALV-]. To evaluate the specificity of this real-time method, we
prepared 23 virus DNA samples extracted from virus-infected cell
cultures, including samples from ALV subgroups A, B, C, and E;
15 ALV-] isolates; and some other types of viruses (REV, CAV,
MDYV, and ILTV). As expected, the 15 ALV-]J samples were de-
tected by this method, while ALV subgroups A, B, C, and E and
other viruses were not detected. This indicated that this real-time
PCR method has good specificity for ALV-]J.

Kim et al. developed a real-time RT-PCR method for ALV-]J
detection using primers H5 and H7 (17). This assay is highly re-
producible, and the results are positively correlated with the QC-
RT-PCR and TCIDs,s determined by the routine methods. How-
ever, the sensitivity of this method is much lower than was
expected (10 to 100 copies per sample), possibly because the PCR
product size is longer than typically recommended for RT-PCR
(17). In this study, we aligned large numbers of ALV sequences
available in GenBank and designed a pair of primers with a much
shorter product (214 bp). As a result, as few as 10 copies of DNA
could be detected, making this assay at least 10 times more sensi-
tive than routine PCR (16). Clinical samples and virus superna-
tants from infected cell cultures were diluted, and the proviral
DNA was extracted. These proviral DNA samples were then
screened by real-time PCR and routine PCR. The results showed
that the limit for the routine PCR was 100 copies; however, the
limit for the real-time PCR was less than 10 copies. This finding
also indicated that the sensitivity of our real-time PCR was at least
10 times higher than that of the routine PCR method for detection
in clinical samples.

Virus Growth Curve
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FIG 4 Growth curves of ALV-] established by S/P values, virus copies, and
TCIDj,s. DE-1 cells were infected with ALV-J at an MOI of 0.1. At 1, 2, 3, 4, 5,
6, and 7 days postinfection, the supernatants were gathered after three rounds
of freeze-thawing. Growth curves of the ALV-]J in DF-1 cells were determined
by virus copies, value of the ratio of the sample to the positive control (S/P) for
p27 antigen detection, and TCIDs,, of the supernatant collected daily.
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TABLE 2 Analysis of experimental animal serum samples

Real-Time PCR for ALV-J

No. positive/no. of samples

Total no. positive/

Group Test 1wk 2 wks 3 wks 4 wks 8 wks 12 wks 16 wks 24 wks total no. tested (%)
ALV-] infected PCR (H5/H7) 3/3 2/3 1/3 3/3 3/3 3/3 2/3 3/4 20/25 (80.0)
Real-time PCR 3/3 3/3 2/3 3/3 3/3 3/3 2/3 3/4 22/25 (88.0)
Mock infected PCR (H5/H7) 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/24 (0)
Real-time PCR 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/24 (0)

Because there is no observable cytopathic effect (CPE) of
ALV-J infection, TCID5, could not be calculated by observing
CPE. TCIDs, has been determined previously by inoculating
chicken embryo fibroblast (CEF) cells from the C/E chicken line
with serial dilutions of a viral sample. At 7 to 9 days postinocula-
tion, viral growth in the cell culture can be detected using an
antigen capture enzyme-linked immunosorbent assay (ELISA) for
a group-specific p27 antigen or an immunofluorescence assay
(IFA) with anti-gp85 monoclonal antibodies (MAbs). However,
this technique is very time-consuming, laborious, expensive, and
difficult to perform in some laboratories due to a lack of C/E cells
or MAbs (23). Because real-time PCR is able to quantitatively
determine nucleotide (viral DNA or viral RNA) content, this
method can be used to track viral growth curves (17, 24, 25). A
comparison of ALV-] growth curves determined according to
copy numbers of the viral genome, p27 viral antigen detection in
the culture supernatants, and conventional TCID,, was per-
formed. The curves established according to copies of the viral
genome or S/P values were very similar, although the values in the
curve of virus copies were higher than those in the S/P ratio curve.
Both curves constantly increased over 7 days postinfection. The
TCIDs, curve also demonstrated a consistently increasing trend
line. However, the three curves established for virus copies, the
value of the S/P ratio for p27 antigen, and TCID5, were all slightly
different. These differences may be because the virus copies and
P27 antigen results reflect absolute virus numbers, including non-
infectious virus, while TCIDs, describes the replication curve of
infectious viruses only. However, any of the three methods could
be used to evaluate ALV-]J growth kinetics. The real-time PCR
method could be used to measure the viral growth of ALV-J, pro-
viding a fast, easy, and convenient approach for monitoring ALV-J
replication.

A total of 173 tissue samples suspected of ALV infection was
collected from commercial layer and breeder flocks that had dra-
matically reduced egg production and hemorrhages in the skin

TABLE 3 Analysis of clinical samples”

Real-time Routine PCR Virus isolation No. of Positivity
PCR (H5/H7) (p27 detection) samples rate (%)
P P P 45 26.0

P P N 32 18.5

P N P 8 4.6

P N N 19 10.9

N P P 0 0

N N P 19 0.9

N P N 0 0

N N N 50 28.9

“ P, positive; N, negative.
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and feather follicles. Some birds had gray-white nodules on the
liver, spleen, or kidneys, and the liver and spleen were enlarged up
to several times their normal size. These samples were subjected to
real-time PCR, routine PCR (with the H5/H7 primer pair), and
virus isolation with p27 detection. The virus positivity rates were
60.1% (104/173),44.5% (77/173), and 41.6% (72/173) as detected
by real-time PCR, routine PCR, and virus isolation with p27 de-
tection, respectively. Although virus isolation is considered the
“gold standard,” it has limitations, one of which is that it can
identify only samples containing live virus. However, routine PCR
and real-time PCR can detect live viruses as well as defective non-
replicating viruses. Therefore, it is believed that routine PCR is
more sensitive than virus isolation. However, the positivity rates
for routine PCR and virus isolation were very similar. This finding
may be because p27 is a group antigen and is conserved in all
ALVs, such as ALV-A and ALV-B. In fact, some of these clinical
samples (about 49.72% according to LAMP detection) were in-
fected with ALV-A, as determined by our lab (20). Among those
screening as positive by real-time PCR (104 samples), 45 samples
also screened positive by both routine PCR and virus isolation
with p27 detection. Another 59 samples were negative when
screened by routine PCR or virus isolation with p27 detection or
both. In addition, an animal infection experiment was carried out
in which ALV-] was detected from 1 week postinfection through-
out the experimental period (24 weeks postinfection) by both
PCR methods. No ALV-] was detected in the control group. The
rates of infection detected by routine PCR and real-time PCR were
80.0% and 88.0%, respectively. Both the animal infection experi-
ment and clinical sample detection results indicate that our real-
time PCR method is more sensitive than routine PCR and more
specific than virus isolation with p27 antigen detection.
Although real-time PCR has been widely used in the detection
of many viruses and other pathogenic microorganisms, it has lim-
itations. For example, a matching primer pair and probe as well as
special, expensive equipment are needed to run real-time PCR. In
addition, false-positive results are inevitable due to its high sensi-
tivity, typically requiring no more than 10 copies of RNA or DNA
for detection. In general, to avoid false-positive results, suspicious
samples and samples detected after 35 cycles must be repeated at
least three times. Our final results were determined by performing
at least three separate experiments. In conclusion, this report de-
scribes a TagMan-based real-time quantitative PCR method for
the detection of ALV-J. This method is specific, sensitive, and
convenient. It can detect ALV-] in clinical and experimental in-
fection samples and thus might be used for the early detection and
eradication of ALV-] in breeder flocks. Moreover, this method can
be used to quantitatively analyze ALV-J and track viral growth
curves, taking the place of time-consuming and laborious routine
TCID5, calculations. This newly developed real-time PCR method
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will be highly valuable in the detection and eradication of ALV-J in
breeder flocks as well as for basic ALV-]J laboratory research.
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