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Avian leukosis virus (ALV) subgroups A, B, and J are very common in poultry flocks and have caused serious economic losses in
recent years. A multiplex PCR (mPCR) method for the detection of these three subgroups was developed and optimized in this
study. We first designed a common forward primer, PF, and three downstream primers, AR, BR, and JR, which can amplify 715
bp for subgroup A, 515 bp for subgroup B, and 422 bp for subgroup J simultaneously in one reaction. The mPCR method pro-
duced neither cross-reactions with other subgroups of ALVs nor nonspecific reactions with other common avian viruses. The
detection limit of the mPCR was as low as 1 � 103 viral DNA copies of each of the three subgroups. In animal experiments, the
mPCR detected ALVs 2 to 4 days earlier than did virus isolation from whole-blood samples and cloaca swabs. Furthermore, a
total of 346 clinical samples (including 127 tissue samples, 86 cloaca swabs, 59 albumen samples, and 74 whole-blood samples)
from poultry flocks with suspected ALV infection were examined by mPCR, routine PCR, and virus isolation. The positive sam-
ple/total sample ratios for ALV-A, ALV-B, and ALV-J were 48% (166/346) as detected by mPCR and 48% (166/346) as detected by
routine PCR. However, the positive sample/total sample ratio detected by virus isolation was 40% (138/346). The results of the
mPCR and routine PCR were confirmed by sequencing the specific fragments. These results indicate that the mPCR method is
rapid, specific, sensitive, and convenient for use in epidemiological studies of ALV, clinical detection of ALV, and ALV eradica-
tion programs.

Avian leukosis viruses (ALVs) are type C retroviruses associ-
ated with a variety of neoplasms, including lymphoid and

myeloid leukosis infections (1). In commercial poultry flocks
worldwide, ALVs are prevalent in several breeding flocks, causing
serious economic losses from tumor mortality, carcass condem-
nation, and loss of pedigree birds (1, 2). ALVs have been divided
into 10 different viral subgroups (designated A to J) based on their
host range, viral envelope interference, and cross-neutralization
patterns (3). The 10 different viral subgroups are also classified as
being either exogenous or endogenous ALVs. Subgroups A to D
and J are exogenous viruses, while members of the ALV subgroup
E are endogenous viruses (4).

In commercial poultry, subgroups A, B, and J are the most
common ALVs. The classical subgroup A avian leukosis virus
(ALV-A) primarily induces lymphocytoma and several other
types of cellular tumors, such as hemangioma. ALV-A has also
been associated with subcutaneous tumors in young layer chick-
ens (5). The subgroup B avian leukosis virus (ALV-B) mainly
presents as lymphocytic leukosis and sarcomas (6). Subgroups C
and D have rarely been reported. Subgroup E is the ubiquitous
endogenous leukosis virus of low pathogenicity (7). Subgroup J
avian leukosis virus (ALV-J) was first isolated from meat-type
chickens in 1988, and it was designated an exogenous virus, pri-
marily causing myeloid leukosis in meat-type chickens (8). No
field cases of ALV-J infection or tumors in layer chickens were
observed worldwide until 2004 (9–11). However, parent and com-
mercial layer flocks in China have experienced outbreaks of this
virus in recent years, causing serious economic losses (10). Thus,
ALV-A, ALV-B, and ALV-J are not only the most common but
also the most dangerous viruses to the poultry industry. In addi-
tion, ALV-A and ALV-J can infect the same chicken, and ALV-A
and ALV-B have also been detected in the same commercial laying

hens (12, 13). These types of coinfection provide a potential op-
portunity for recombination between different ALV subgroups.
Thus, it is essential to develop a rapid and convenient method of
detecting the three subgroups of avian leukosis viruses (ALV-A,
ALV-B, and ALV-J).

The existing detection methods for ALVs include enzyme-
linked immunosorbent assay (ELISA), real-time PCR, immuno-
fluorescence assay (IFA), virus isolation, and routine PCR. Anti-
gen capture ELISA (AC-ELISA) has been used widely and has
played an important role in the eradication of ALVs. However,
ELISA can detect only group-specific antigen p27 and cannot dif-
ferentiate endogenous viruses (14). Real-time PCR and immuno-
fluorescence assays have been developed for antigen detection and
the differentiation of endogenous and exogenous ALVs. Never-
theless, both of these techniques require sophisticated instrumen-
tation (such as quantitative fluorescence PCR machines and fluo-
rescence microscopes) and cannot be used widely in the field (15,
16). Virus isolation in cell culture is often used as the gold stan-
dard. However, this method is time-consuming because a mini-
mum of 7 days is required to obtain the results, and this method
also cannot differentiate between virus subgroups (17). Routine
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PCR using primer pairs such as H5-H7 can detect only ALV-J,
while the primer pair H5-AD1, which can detect all ALVs except
ALV-J, cannot distinguish different subgroups (18). Multiplex
PCR (mPCR) is a useful technique for the rapid differential diag-
nosis of avian viruses and the detection of multiple infections of
avian viruses under field conditions (19). In the present study, a
sensitive and specific mPCR method for the detection of ALV-A,
ALV-B, and ALV-J has been developed. The mPCR DNA products
consisted of three specific fragments of 715 bp (ALV-A), 515 bp
(ALV-B), and 422 bp (ALV-J) that can be visualized by gel elec-
trophoresis. This novel method allows for three very common
subgroups of exogenous ALVs (ALV-A, ALV-B, and ALV-J) to be
detected and differentiated in one reaction.

MATERIALS AND METHODS
Viruses. ALV-A strain RAV-1, ALV-B strain RAV-2, ALV-C strain RAV-
49, ALV-D strain RAV-50, ALV-E strain RAV-0, and ALV-J strain
HLJ09SH01, chicken infectious anemia virus (CAV), avian reticuloendo-
theliosis virus (REV), infectious bursa disease virus (IBDV), and avian
reovirus (ARV) were maintained in our laboratory. Avian infectious
bronchitis virus (IBV), Marek’s disease virus (MDV), avian infectious
laryngotracheitis virus (ILTV), fowlpox virus (FPV), and Newcastle dis-
ease virus (NDV) were previously maintained in the State Key Laboratory
of Veterinary Biotechnology at the Harbin Veterinary Research Institute.

Virus isolation. All virus isolations were performed in DF-1 cells,
which are known to be susceptible to exogenous ALVs only (20). The
procedures for the isolation and identification of ALVs in cell culture were
performed as previously described (21). Briefly, 200 �l of the filtered
supernatant of a freshly abraded specimen was inoculated into DF-1 cells,
which were cultured in 48-well cell culture plates with Dulbecco’s modi-
fied Eagle’s medium (DMEM) (Invitrogen, CA) supplemented with 10%
fetal bovine serum (FBS) at 37°C in a 5% CO2 incubator. Two hours
postinoculation, the cells were overlaid with DMEM supplemented with
2% FBS and incubated at 37°C in a 5% CO2 incubator with daily moni-
toring for 7 days. The infected DF-1 cells were harvested and tested for the
ALV group-specific antigen (p27) by AC-ELISA with an avian leukosis
virus antigen test kit (Idexx Laboratories, Inc., MA).

Nucleic acid extraction. The proviral DNA of viruses, cloaca swabs,
albumen, whole blood, cell cultures, and tissue samples were extracted
using an established method (10). Briefly, the samples were lysed in tissue
lysis buffer (4 M guanidine hydrochloride, 25 mM sodium citrate, and 1%
Triton X-100) and extracted twice with phenol-chloroform-isoamyl alco-
hol (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. The RNA extraction
was performed according to the TRIzol LS manufacturer’s protocol (22).
The RNA was reverse transcribed to cDNA as described by the Thermo
Scientific Maxima H Minus reverse transcriptase kit (catalog no. EP0759).
The concentrations of DNA were determined by spectrophotometry us-
ing the Spectronic BioMate 5 (Thermo Spectronic, Rochester, NY) and
stored at �20°C.

Primer design. The complete sequences of the ALV-A, ALV-B, and
ALV-J strains were retrieved from the GenBank database (GenBank ac-
cession no. DQ365814, DQ412726, DQ412727, EU070900, EU070901,
EU352877, HM452341, L10923, M19113, M14902, JX848322, JQ935966,
JF932004, and Z46390) and aligned using DNAStar (DNAStar, Inc., Mad-
ison, WI). On the basis of the results of the sequence comparison and the
sequence characteristics of the three subgroups, we first designed a com-
mon forward primer, PF, based on the 3= region of the pol gene, which was
conserved across ALV-A, ALV-B, and ALV-J. The downstream primers
(AR, BR, and JR) were chosen from the env gene, which allows for dis-
crimination of the three subgroups. The primer PF amplifies a 715-bp
fragment with primer AR to detect ALV-A, amplifies a 515-bp fragment
with primer BR to detect ALV-B, and amplifies a 422-bp fragment with

primer JR to detect ALV-J. The optimal primers (Table 1) were synthe-
sized by the Huada Gene Company (Beijing, China).

Multiplex PCR method. A proviral DNA mixture of equal concentra-
tions of ALV-A, ALV-B, and ALV-J was utilized as a template to amplify
the target fragment and optimize the protocol for annealing temperatures,
primer concentrations, extension time, and cycle quantity. Finally, the
reaction was performed in a 25-�l volume containing 2 �l template pro-
viral DNA, 12.5 �l Premix Taq (TaKaRa, China), 2 �l forward primer PF,
0.8 �l downstream primer AR, 1 �l downstream primer BR, 1 �l down-
stream primer JR, and the appropriate volume of double-distilled water
(ddH2O). All primers were diluted to 10 pM/�l.

The mPCR procedure consisted of an initial denaturation at 94°C for
5 min and then 30 cycles that each consisted of denaturation at 94°C for 30
s, annealing at 56°C for 30 s, and extension at 72°C for 1 min. The sample
was then heated at 72°C for 5 min for a final extension. A negative control
was run with each test; the negative control did not contain template
cDNA and consisted of Premix Taq (TaKaRa, China), all four primers,
and deionized water. The mPCR products were evaluated by 1.0% agarose
gel electrophoresis.

Routine PCR. The primer set H5, 5=-GGATGAGGTGACTAAGAAA
G-3=, and H7, 5=-CGAACCAAAGGTAACACACG-3=, was used to am-
plify ALV-J (18). A 545-bp band was amplified by this primer pair. The
primer set H5 and AD1, 5=-GGGAGGTGGCTGACTGTGT-3=, was used
for the detection of subgroup A to E ALVs, which generate a 295- to
326-bp PCR product (18). The reaction was performed in a 25-�l mixture
containing 1 �l of proviral DNA, 2.5 �l of 10 � Ex Taq buffer, 2 �l of
deoxynucleoside triphosphate (dNTP) (2.5 mM), 1 �l of H5 primer (10
pM/�l), 1 �l of H7 or AD1 primer (10 pM/�l), 1 U of Ex Taq HS (TaKaRa,
China), and the appropriate volume of ddH2O. 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. The PCR products
were evaluated by 1.0% agarose gel electrophoresis.

Standard plasmid preparation. To obtain well-characterized positive
controls and determine the sensitivity of the mPCR method, a 715-bp
fragment of ALV-A, a 515-bp fragment of ALV-B, and a 422-bp fragment
of ALV-J were amplified with the mPCR method and cloned into the
pMD-18T vector (TaKaRa, China) to obtain the recombinant plasmids
pMD-A (ALV-A), pMD-B (ALV-B), and pMD-J (ALV-J).

Specificity of the mPCR method. Proviral DNA was extracted from all
viruses, including ALV-A, ALV-B, ALV-C, ALV-D, ALV-E, ALV-J, and
REV, and then DNA was extracted from MDV, CAV, ILTV, and FPV. The
proviral DNA and the DNA were used as templates to determine the
specificity of the mPCR method. The RNA extracted from IBDV, ARV,
NDV, and IBV was reverse transcribed into cDNA (23) and was also used
to measure the specificity of the mPCR method.

Sensitivity of the mPCR method. The concentration of the con-
structed plasmids was determined by UV spectrophotometry, and the
plasmid copy number was calculated using the following formula: copy
number (copies/�l) � NA (copies/mol) � concentration (g/�l)/MW (g/
mol), where NA is Avogadro’s number and MW is the base number times
340 (24). Each of the three plasmids (pMD-A, pMD-B, and pMD-J) and
the three mixed plasmids (pMD-A/pMD-B/pMD-J) was diluted from 1 �
1010 to 1 � 101 copies/�l and was used to detect the sensitivity of the
mPCR method. Furthermore, DNA extracted from the liver of a specific-

TABLE 1 Sequences of oligonucleotide primers, targets, and expected
PCR product sizes

Primer
name Sequence (5= to 3=)

Product size
with PF (bp)

Amplification
target

PF CGGAGAAGACACCCTTGCT
AR GCATTGCCACAGCGGTACTG 715 ALV-A
BR GTAGACACCAGCCGGACTATC 515 ALV-B
JR CGAACCAAAGGTAACACACG 422 ALV-J
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pathogen-free (SPF) chicken was added to the mPCR reaction mixtures to
determine the sensitivity of mPCR under “real conditions.” In order to
determine if a low concentration of one virus subtype in a mixed infection
affected the sensitivity of the mPCR, we reduced the copies of the plasmid
pMD-A (ALV-A) from 3 � 1010 to 3 � 105 copies/�l and mixed it with the
other two plasmids, pMD-B (ALV-B) (3 � 1010 copies/�l) and pMD-J
(ALV-J) (3 � 1010 copies/�l), in the same volume. The mixed plasmids
were serially diluted from 1 � 1010 copies/�l to 1 � 101 copies/�l and
tested using the mPCR.

Experimental infections. To examine the practicality of the mPCR
method, 60 1-day-old SPF chickens were randomly divided into four
groups. Each group had 15 chickens. Three groups were challenged intra-
abdominally with 0.2 ml per chicken of the 105/ml 50% tissue culture
infective dose (TCID50) of the RAV-1 (ALV-A), RAV-2 (ALV-B), or
HLJ09SH01 (ALV-J) strain of ALV; these infected groups were, respec-
tively, designated group A (inoculated with ALV-A), group B (inoculated
with ALV-B), and group J (inoculated with ALV-J). One group of chick-
ens was inoculated with DMEM and used as the control group. The four
groups were kept in separate rooms. Cloaca swabs and whole-blood sam-
ples were collected from all chickens from each of the four groups every
other day for a total of 15 sampling times (from 2 days postinoculation
[dpi] to 30 dpi). The cloaca swabs and whole-blood samples were ana-
lyzed by mPCR and the results were compared with the results of the virus
isolation method. All animal studies were approved by the Institutional
Review Board of the Harbin Veterinary Research Institute, Chinese Acad-
emy of Agricultural Sciences. All animal procedures were performed ac-
cording to international standards for animal welfare.

Clinical specimens. A total of 346 clinical samples (including 127
tissue samples, 86 cloaca swabs, 59 albumen samples, and 34 whole-blood
samples) were collected from several different poultry flocks from 2010 to
2013 in China and stored at �80°C in an ultra-low-temperature freezer.
All chickens from which the samples were taken were suspected of having
avian leukosis disease based on clinical symptoms, including hemorrhages
in the skin of the phalanges and feather follicles. Some birds had gray-
white nodules in the liver, spleen, or kidneys, and the liver and spleen were
enlarged to several times their normal sizes. Tissue samples were homog-
enized in phosphate-buffered saline (PBS) containing 1,000 IU/ml peni-
cillin and streptomycin and were subsequently centrifuged at 6,000 � g
for 5 min at 4°C. Before virus isolation was carried out, the cloaca swabs
and whole-blood samples were centrifuged, and the albumen was double
diluted. An aliquot of the supernatant of all samples was used to extract
proviral DNA, which was utilized as a template for mPCR and routine
PCR detection. The remaining supernatant was passed through 0.22-�m
filters to carry out virus isolation (16).

DNA sequencing. To further confirm the results, all specific frag-
ments amplified from the clinical samples by mPCR and routine PCR
were excised from a 1.0% agarose gel, purified using an AxyPrep DNA gel

extraction kit (Axygen Scientific, Inc., CA), and sequenced by the Beijing
Genomics Institute (Beijing, China).

RESULTS
Establishment of the mPCR method. Throughout this research,
manipulations were made to optimize the parameters of the assay,
such as the annealing temperatures, primer concentrations, ex-
tension times, and cycle quantity. We determined the most opti-
mal reaction conditions and developed a multiplex PCR. The tar-
get fragments were amplified with the combination of DNA from
the three different subgroups of ALVs (ALV-A, ALV-B, and ALV-
J), and each product was visualized by electrophoresis on a 1.0%
agarose gel followed by ethidium bromide staining and UV tran-
sillumination (Fig. 1).

Specificity of the mPCR method. We determined the specific-
ity of the mPCR by examining the ability of the method to detect
and differentiate ALV-A, ALV-B, and ALV-J. First, an assessment
of the mPCR specificity was carried out by testing the other sub-
group ALVs (ALV-C, ALV-D, and ALV-E). Furthermore, the
mPCR was tested using other common avian viruses (including
MDV, REV, CAV, ILTV, IBV, FPV, IBDV, ARV, and NDV). There
were neither cross-reactions with other subgroups of ALVs nor
nonspecific reactions with other common avian viruses. Only the
positive control (the mixture of the proviral DNA of ALV-A,
ALV-B, and ALV-J at the same concentrations) produced three
specific fragments consisting of 715 bp for ALV-A, 515 bp for
ALV-B, and 422 bp for ALV-J (Fig. 2).

Sensitivity of the mPCR method. Three constructed plasmids
(pMD-A, pMD-B, and pMD-J) and the mixed plasmids (pMD-A/
pMD-B/pMD-J) were serially diluted from 1 � 1010 copies/�l to
1 � 101 copies/�l. All single plasmids were detected to 1 � 102

copies/�l, and the mixed plasmids were detected to 1 � 103 cop-
ies/�l using the mPCR method (Fig. 3). The sensitivity of the
mPCR was also determined with the mixture of plasmids at dif-
ferent concentrations (plasmid pMD-A at 3 � 105 copies/�l and
plasmids pMD-B and pMD-J at 3 � 1010 copies/�l). The detection
limit of the mPCR was as low as 1 � 103 viral DNA copies of each
of the three subgroups in mixed infections (data not shown). The

FIG 1 Agarose gel electrophoresis (1.0%) of specific fragments amplified by
mPCR from purified proviral DNAs of known ALV-A, ALV-B, and ALV-J.
Lane M, DL2000 marker (TaKaRa, China); lane NC, negative control; lane 1,
ALV-A (715-bp fragment); lane 2, ALV-B (515-bp fragment); lane 3, ALV-J
(422-bp fragment); lane 4, ALV-A/B; lane 5, ALV-A/J; lane 6, ALV-B/J; lane 7,
ALV-A/B/J.

FIG 2 Specificity of the mPCR method. Results of 1.0% agarose gel electro-
phoresis of products amplified by mPCR from purified proviral DNAs of
known avian viruses. Lane 1, DL2000 marker (TaKaRa, China); lane 2 (�),
positive control (mixture of the same concentrations of proviral cDNA from
ALV-A, ALV-B, and ALV-J); lane 3, Marek’s disease virus (MDV); lane 4, avian
reticuloendotheliosis virus (REV); lane 5, chicken infectious anemia virus
(CAV); lane 6, avian infectious laryngotracheitis virus (ILTV); lane 7, avian
infectious bronchitis virus (IBV); lane 8, fowlpox virus (FPV); lane 9, infec-
tious bursa disease virus (IBDV); lane 10, avian reovirus (ARV); lane 11, New-
castle disease virus (NDV); lane 12, DF-1 cells; lane 13, ALV-C; lane 14,
ALV-D; lane 15, ALV-E.
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sensitivity of the mPCR was determined under “real conditions”
with target DNA, and the host DNA was also extracted from the
liver of the SPF chicken. The results show that the detection limit
of the mPCR was 1 � 103 viral DNA copies of each of the three
subgroups (data not shown). These data indicate that the low
concentration of one virus subtype in mixed infections and the
host DNA did not affect the sensitivity of the mPCR method.

Evaluation of the mPCR method using infectious experi-
mental samples. Cloaca swabs and whole-blood samples collected
from the SPF chickens that were artificially inoculated with the
three subgroup ALVs (ALV-A, ALV-B, and ALV-J) were analyzed
by the mPCR method and virus isolation. The mPCR detected
ALVs as early as 8 dpi for ALV-A and ALV-B and 6 dpi for ALV-J
from the whole-blood samples. However, virus isolation detected
ALVs 2 to 4 days later than the mPCR method (Fig. 4). Further-
more, the positive ratio of viremia in group A reached 93.3% on
the 16th day postinoculation. It lasted 5 days at this high level, and
then the positive ratio of viremia declined significantly and re-
mained at a low level (�30%). The positive ratio of viremia in
group B achieved 60% on the 14th day postinoculation and never
increased in subsequent samplings. However, the positive ratio of
viremia in group J reached 100% on the 16th day postinoculation
and remained at a high level (�80%) (Fig. 4). The positive ratio
detected by the mPCR was almost the same as that detected by
virus isolation on every day tested.

At the same time, the mPCR method detected ALVs 2 days
earlier than virus isolation from cloaca swabs of all three infected
groups. Another phenomenon of concern was that the ratio of
ALV-positive cloaca swabs from group J remained at a high level
(�66.7%) from the 18th day postinoculation. Few ALV-positive
chickens were detected from the cloaca swabs of both group A and
group B at the end of the testing period (Table 2). In the control
group, no viruses were detected from the cloaca swabs or the
whole-blood samples.

Evaluation of the mPCR method using clinical samples. A
total of 346 clinical samples (including 127 tissue samples, 86
cloaca swabs, 59 albumen samples, and 34 whole-blood sam-
ples) collected from several different poultry flocks from 2010
to 2013 were examined by the mPCR, routine PCR, and virus
isolation methods. The mPCR method detected 166 positive
samples (17 of ALV-A, 16 of ALV-B, and 133 of ALV-J). The
routine PCR with the primer pair H5-H7 detected 133 samples
positive for ALV-J. The routine PCR with the primer pair H5-
AD1 detected 278 positive samples in clinical samples. Among
the 278 positive samples, 17 samples positive for ALV-A and 16
samples positive for ALV-B were confirmed by sequencing.
There were only 138 positive samples detected by virus isola-
tion. The positive sample/total sample ratios for ALV-A,
ALV-B, and ALV-J were 48% (166/346) as detected by mPCR
and 48% (166/346) as detected by routine PCR. However, the
positive sample/total sample ratio detected by virus isolation
was 40% (138/346) (Table 3). Furthermore, among the 166
positive samples detected by mPCR, there was 1 sample posi-
tive for coinfection with ALV-A and ALV-B and 2 samples
positive for coinfections with ALV-A and ALV-J.

Sequencing results. To further confirm the result, the prod-
ucts of all clinical positive samples amplified by the mPCR and
routine PCR (primer pairs H5-H7 and H5-AD1) (18) were se-
quenced. The sequencing results showed that 17 products be-
longed to ALV-A, 16 products belonged to ALV-B, and 133 prod-
ucts belonged to ALV-J (data not shown). The sequencing results
agreed with the results of the mPCR method. The coincidence
ratio between the mPCR and routine PCR was 100%.

DISCUSSION

Avian leukosis virus (ALV) is the most common naturally occurring
avian retrovirus associated with neoplastic diseases and other pro-
duction problems in chickens (25). ALV-A, ALV-B, and ALV-J are

FIG 3 Sensitivity of the mPCR method. Three constructed plasmids (pMD-A, pMD-B, and pMD-J) and the three mixed plasmids (pMD-A/pMD-B/pMD-J) were
diluted from 1010 to 101 DNA copies/�l to evaluate the sensitivity of the mPCR method. Shown are the sensitivity of pMD-A for ALV-A (A), the sensitivity of pMD-B
for ALV-B (B), the sensitivity of pMD-J for ALV-J (C), and the sensitivity of pMD-A/pMD-B/pMD-J for ALV-A/B/J (D). M, DL2000 marker (TaKaRa, China).
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the three most prevalent and dangerous subgroups of ALVs. No ef-
fective vaccine or medication against ALVs is currently available. The
control of ALV infection is dependent upon the early detection and
removal of virus-shedding birds to reduce the spread of congenital

and contact infections to other birds (26). Therefore, achieving rapid
detection of infection is imperative in effective control of the spread of
ALVs (27). Antigen detection is used routinely for the detection of
ALVs (28). In this study, a multiplex PCR with high specificity and
sensitivity was developed and optimized to detect ALV-A, ALV-B,
and ALV-J simultaneously in an ordinary 25-�l reaction mixture
system.

Primer design plays a very important role in developing a success-
ful multiplex PCR method. ALVs belong to the genus Alpharetrovirus
of the Retroviridae family and contain the overall structure of a typical
slow-transforming replication-competent ALV: 5=-LTR-leader-gag/
pol-env-LTR-3= (29, 30). ALVs are divided into exogenous viruses
(ALV-A, -B, -C, -D, and -J) and endogenous viruses (ALV-E) accord-
ing to sequence differences in their long terminal repeats (LTRs) (23).
The gag genes encode Gag (group-specific antigen), the pol genes
encode reverse transcriptase and integrase, and the env gene encodes
the envelope glycoproteins (2, 31). The pol genes show �96% se-
quence identity among the exogenous ALVs (32). The classification
of ALV subgroups is based mainly on the gene sequence of the ALV
env gene (gp85) (33). In this study, after aligning a number of ALV-A,
ALV-B, and ALV-J strain sequences published in GenBank, we used
only a highly conserved region of all three subgroups to design the
common forward primer PF. Three downstream primers (AR, BR,
and JR) were chosen from the most discrepant region that was con-
servative for each subgroup.

The specificity of the mPCR method was evaluated with differ-
ent subgroup ALVs (ALV-A to ALV-E and ALV-J) and other re-
lated avian viruses. The mPCR method produced neither cross-

FIG 4 Ratios of samples positive for viremia from the three infected groups as detected by the mPCR method and virus isolation. Shown are the results of group
A inoculated with ALV-A (A), group B inoculated with ALV-B (B), and group J inoculated with ALV-J (C).

TABLE 2 Results for cloaca swabs from the three infected groups as
detected by mPCR and virus isolation

No. of
dpi

No. of ALV-positive chickensa by virus subgroup and detection
method:

ALV-A ALV-B ALV-J

Virus
isolation mPCR

Virus
isolation mPCR

Virus
isolation mPCR

2 0 0 0 0 0 0
4 0 0 0 0 0 0
6 0 0 0 0 0 0
8 0 0 0 0 0 0
10 0 0 0 0 0 2
12 0 0 0 0 1 2
14 0 0 0 0 1 3
16 0 0 0 0 4 4
18 0 0 0 0 8 8
20 0 0 0 0 9 10
22 0 1 0 1 11 11
24 1 1 1 1 11 11
26 1 2 2 2 10 11
28 1 2 1 1 9 10
30 2 2 3 4 10 10
a The total number of chickens examined per subgroup was 15.
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reactions with other subgroups of ALVs nor nonspecific reactions
with other common avian viruses (MDV, REV, CAV, ILTV, IBV,
FPV, IBDV, ARV, and NDV). Moreover, during testing of the 346
clinical samples, the number of samples positive for ALV-J as de-
tected by mPCR was equal to the number detected by the primer pair
H5-H7, and the number of samples positive for ALV-A and ALV-B as
detected by mPCR was equal to the number of ALV-A- and ALV-B-
positive samples detected by the primer pair H5-AD1 (18). In total,
166 samples positive for ALV-A, ALV-B, and ALV-J were detected by
both methods, and the coincidence ratio was 100%. Furthermore, all
sequences of the specific fragments of the positive samples of the three
subgroups had�90% homology with the ALV-A, ALV-B, and ALV-J
reference strains. Thus, the mPCR method was shown to have a high
specificity for detecting all ALVs subgroups, common avian viruses,
and different types of clinical samples.

Three recombinant plasmids (pMD-A, pMD-B, and pMD-J)
were used to determine the sensitivity of the mPCR method. The
detection limit of this method was as low as 1 � 102 viral DNA copies
for each of the three plasmids. The mPCR method was compared
with the virus isolation method because virus isolation is considered
to be the gold standard for viral detection (10). In animal experi-
ments, the mPCR detected ALVs 2 to 4 days earlier than virus isola-
tion from whole-blood samples and 2 days earlier than virus isolation
from cloaca swabs. The results of testing using whole-blood samples
and cloaca swabs from the infected groups demonstrated that the
sensitivity of mPCR was slightly higher than that of virus isolation.
Additionally, the positive-sample ratios of 346 clinical samples were
48% (166/346) by the mPCR and 40% (138/346) by virus isolation.
All data confirmed that the mPCR method has a higher sensitivity.
One limitation of virus isolation might be that it can detect only sam-
ples containing a certain amount of live virus, which may be the rea-
son for its low sensitivity (28). Another reason for the lower positive
ratio for samples examined by virus isolation for clinical detection
was that long-distance transportation and long-term preservation
may affect the viability of the virus in clinical samples.

In animal experiments, the viremia in group A was temporary
and the viremia in group B was always at a low level (�60%). The
chickens of groups A and B showed little evidence of virus shed-
ding in the 30 days postinoculation. These results are perhaps an
important reason why infection with ALV-A or ALV-B has always
been at a low level and why ALV-A and ASV-B do not appear to
cause large-scale outbreaks in poultry flocks. In contrast, the
viremia in group J stayed at a high level (�80%) from the 16th day
postinoculation, and the ratio of virus shedding for group J re-

mained at �60% from the 18th day postinoculation. Persistent
viremia and a high proportion of virus shedding from chickens
infected with ALV-J might be related to the outbreak of ALV-J in
recent years in China (9, 11, 34). Persistent viremia is closely re-
lated to the generation of tumors (27), and virus shedding has an
important link with the horizontal transmission of virus, which
played an important role in the epidemic and outbreaks of ALVs
(35).

The coinfection status of the different subgroups of avian leu-
kosis viruses was previously found in poultry flocks. Gingerich et
al. (36) and Lupiani et al. (37) found the recombinant ALVs
ALV-B and ALV-J in commercial white leghorn egg layer flocks.
Both ALV-A and ALV-J were isolated from sarcomas of 817
broiler hybrids (38). Liu et al. (39) detected ALV-B in an egg-type
chicken that was infected with ALV-J. One positive sample with
coinfection with ALV-A and ALV-B and 2 positive samples with
coinfections with ALV-A and ALV-J were found in clinical sam-
ples in the present study. Coinfection, which may have a more
powerful pathogenicity and which brings about more serious eco-
nomic losses, has become widespread among flocks in China (40).
Furthermore, coinfection with different subgroups provides the
opportunity for the recombination of ALVs and makes it possible
for the emergence of new subgroup viruses, such as ALV-J, with
stronger pathogenicity and epidemicity (8, 31). Therefore, achiev-
ing rapid clinical detection of infection is imperative for the effec-
tive control of the spread of ALVs (41). The mPCR method devel-
oped in this study is an easy and effective method for the detection
of coinfection of ALV-A, ALV-B, and/or ALV-J.

In conclusion, the use of the mPCR method was found to be
rapid, specific, sensitive, and cost-effective for the detection of
ALV-A, ALV-B, and ALV-J. Testing of experimental and clinical
samples (including cloaca swabs and albumen, whole-blood, and
tissue samples) demonstrated that the mPCR method is practical
in laboratory and clinical diagnoses and will be useful in epidemi-
ological studies and eradication programs.
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TABLE 3 Results for clinical samples examined by multiplex PCR, virus isolation, and routine PCR

Specimen source

Multiplex PCR resultsa by subgroup:
Virus isolation
resultsa

Routine PCR resultsa by
primer pair:

A B J H5-H7b H5-AD1c

Tissue 7a/127b 10/127 67/127 79/127 67/127 17/127
Cloaca swabs 3/86 2/86 27/86 21/86 27/86 5/86
Albumen 2/59 0/59 16/59 10/59 16/59 2/59
Whole blood 5/74 4/74 23/74 28/74 23/74 9/74
Total 17/346 16/346 133/346 138/346 133/346 33/346

Positive-sample rate (%) 166/346 (48) 138/346 (40) 166/246 (48)
a Number of positive samples/number of samples examined.
b The number of positive samples here detected by the primer pair H5-H7 was for ALV-J.
c The number of positive samples here detected by the primer pair H5-AD1 was for ALV-A and ALV-B only (18).
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