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ARTICLE INFO ABSTRACT

Keywords: In this study, a recombinant ALV with ALV-K env and ALV-J backbone was generated (designated ALV-K-env-J)
ALV-K env and tested in vitro and in vivo. The growth curve in DF1 cells showed that the recombinant virus replicated more
ALV-J efficiently in comparison with the ALV-J and ALV-K. Although all the infected chickens showed growth re-

Recombinant virus
Pathogenesis

tardation compared with the non-infected chickens, the viral and serological detection showed that the positive
rate and virus load detected in blood and cloaca, and the positive rate and titer of antibody against p27 from the

chickens infected with ALV-K-env-J were higher than those from the chickens infected with the ALV-K, but less
than those from the chickens infected with the ALV-J. All these data clearly demonstrated that the recombination
event in this study increased the pathogenesis of ALV-K, and the potential recombination between different ALV
subgroups should be worried when the clinical co-infections occur.

1. Introduction, methods and results

Based on the host range and its envelope protein, avian leukosis viruses
(ALVs) are clustered into eleven subgroups (A—K) so far. Different from
other subgroups, ALV-J is highly pathogenic and its infection mainly in-
duces hematopoietic malignancy (Rajabzadeh et al., 2010; Payne et al.,
1991; Silva et al., 2007). Since its first report in 1988 from UK, ALV-J has
spread globally and caused great economic losses in poultry industry (Payne
et al., 1991). ALV-K, as a novel avian leukosis virus, was recently identified
by Cui et al (Cui et al.,, 2014). Although ALV-K is thought to be a low
pathogenic ALV, ALV-K has been endemic in domestic chickens in China
(Dong et al., 2015). The frequent emergence of the co-infection of ALV-K
with multiple ALV subgroups not only challenges the ALV eradication
program in China, but also poses the risk for the generation of the novel and
pathogenic recombinant ALV (Su et al., 2018). The natural recombination
events between ALV-J and ALV-A or ALV-B had occured in the field and
could alter the fitness of the wild type viruses (Gingerich et al., 2002;
Lupiani et al, 2003). However, the virulence evolution of ALV-K

recombining with other subgroups of ALV is unknown.

To evaluate such potential, a recombinant ALV virus with ALV-K env
and ALV-J backbone was rescued and tested in vitro and in vivo. For rescuing
such virus, the env gene of ALV-K was first amplified from the proviral DNA
extracted from DF-1 cells infected with ALV-K strain GD by PCR using the
following primers (Forward primer: 5-GCCCTCTCTTTGCAGGCATTTCTGA
CTGGATATCCTG-3’ and reverse primer: 5-CGCGTTCGGAACCTACACTGT
TCCATTTTCGGGCTG-3'). The linearized ALV-J infectious clone p-ALV-J1
without ALV-K env gene (ALV-J infectious clone p-ALV-J1 was a kindly gift
from Dr. Yixin Wang, Shangdong agriculture university) was amplified by
PCR using the following primers (Forward primer:5-TAGGTTCCGAACGC
GATGTAACGGGGCAAG-3’

and reverse primer: 5-CTGCAAAGAGAGGGCTCGCCTCATCCTTC-3).
The italicized portion of the primer is a homologous complementary se-
quence and the underlined portion of the primer is the sequence of the
genome itself or its reverse complement. Then, the amplified env gene and
the linearized p-ALV-J1 without ALV-K env gene were ligated and re-
combinated by the commercial recombinant enzyme ExnaseTM II as
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Fig. 1. IFA for the identification of the rescued viruses. A. DF-1 infected with ALV-J-J1; B. DF-1 infected with ALV-K-env-J1; C. Uninfected DF-1 cells served as a

negative control.

previously described (Li et al., 2018). After the identification by PCR and
sequencing, the positive clone for the recombinant plasmid was named as p-
ALV-K-env-J. Two viruses were then rescued by transfecting the DF-1 with
p-ALV-J1 and p-ALV-K-env-J respectively as previously described (Shao
et al., 2015). Briefly, 4 ug of the plasmid mixed evenly with 200 uL Opti-
MEM, then 8 uL of the transfection reagent (MIRUS) was added and mixed
well. After incubating at RT(Room-temperature) for 45 min, the transfection
mixture was added into DF1 cells in 6-wells plate. After 6h, the culture
medium with transfection mixture was replaced with fresh DMEM with 1%
FBS. The supernatant was blindly passed into fresh DF1 cells for 7 days.
After three blind passages in DF-1 cells, the two rescued viruses were
identified by immune fluorescent assay (IFA) using specific antibodies
against ALV p27 and named as ALV-J-J1 and ALV-K-env-J respectively. As
described in Figl, antibodies against ALV p27 could efficiently react with
DF-1 cells infected with ALV-J-J1 and ALV-K-env-J. The rescued ALV-J-J1
and ALV-K-env-J were also confirmed by sequencing the whole genome.
To investigate whether the recombinant virus ALV-K-env-J with env gene
from ALV-K and backbone from ALV-J could confer the replication ad-
vantage over the ALV-K virus in vitro, DF-1 cells were infected with ALV-J-
J1, ALV-K-env-J and ALV-K isolate GD respectively at MOI of 0.1, and the
viral growth kinetics in the culture supernatants from the infected DF-1 cells
were titrated as previously described. As shown in Fig.2, ALV-K-eny-J re-
plicated more efficiently and yield higher viral titer in comparison with
ALV-J1 and ALV-K-GD viruses. The viral titer of ALV-K-eny-J could reach to
5.449 logl0 TCIDso/ml and 7.699logl0 TCIDso/ml at day 2 and 7 post
infection whereas that from ALV-J-J1 or ALV-K-GD was less than 3.949
log10 TCIDsp/ml and 5.616log10 TCIDso/ml. The peak titer of ALV-K-env-J
in DF-1 cells was more than 100 times of that from ALV-J-J1 and ALV-K-GD.
Therefore, the viral growth curve in DF-1 cells clearly demonstrated that the
env gene from ALV-K or the recombination between ALV-J backbone and
ALV-K env significantly increased the viral replication ability compared
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Fig. 2. Growth curve analysis for the rescued viruses. DF1 cells were infected
with ALV-J-J1, ALV-K-env-J and ALV-K-GD at MOI 0.1 respectively, and the
supernatant of the infected cells were collected at the indicated time points and
titrated by TCID50. The blue, red, and green curves represent the growth be-
havior of ALV-J-J1, ALV-K-env-J and ALV-K-GD, respectively (For interpreta-
tion of the references to colour in this figure legend, the reader is referred to the
web version of this article).

with the wild type ALV-K-GD and ALV-J-J1 viruses.

To further evaluate the pathogenesis of the recombinant virus ALV-K-
env-J, a total of 120 1-day-old SPF chickens were randomly divided into four
groups (Thirty chickens per group; Group I chickens without infection;
Group II: chickens infected with ALV-K-env-J; Group III: chickens infected
with ALV-K-GD; Group IV: chickens infected with ALV-J-J1) and inoculated
through intraperitoneal injection. The infection dose for chickens in Group
II-IV was 10* TCIDs, in 0.2mL PBS. At day 7, 14, 21, 28 and 35 post
infection (dpi), the blood and the cloacal swab of the chickens were col-
lected and tested for viral titers. In brief, the collected blood and the cloacal
swab samples were first inoculated into DF-1 cells. After six days post in-
oculation, the supernatant from the inoculated DF-1 cells were collected and
tested for p27 antigen of ALV by using a sandwich ELISA as previously
described (Li et al., 2018). As shown in Fig3A, the viral positive rate in the
plasma from chickens infected with ALV-J-J1 kept high level with 96%,
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Fig. 3. Detection of viruses in the infected chickens. The blue, red, green and
purple curves represent the ALV-J-J1, ALV-K-env-J and ALV-K-GD, respectively.
At day 7, 14, 21, 28 and 35 post infection (dpi), the blood and the cloacal swab
of the chickens were collected and tested for viral titers. (A) Comparison of the
viral positive rate in the plasma from chickens infected with ALV-J-J1, ALV-K-
env-J and ALV-K-GD. (B) Comparison of the viral positive rate in the cloacal
swab from chickens infected with ALV-J-J1, ALV-K-env-J and ALV-K-GD (For
interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article).
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Fig. 4. Detection of bodyweight and antibody against ALV in the infected chickens. The blue, red, green and purple column strips or spots represent the ALV-J-
J1, ALV-K-env-J and ALV-K-GD, respectively. (A) Comparison of the bodyweight measured at different times are presented. The chickens infected with ALV-J-J1 or
ALV-K-env-J or ALV-K-GD grew more lower than the control chickens without infection. (B) The results of the antibody titer against p27 antigen measured at different
times are shown (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

100%, 100%, 94% and 78% respectively at 7, 14, 21, 28 and 35 dpi. In
chickens infected with recombinant virus ALV-K-env-J, the viral positive rate
in the plasma was 96% and 100% respectively at 7 and 14 dpi whereas that
was dramatically decreased to 45%, 26% and 12% at 21, 28 and 35 dpi.
Notably, the viral positive rate in the plasma from chickens infected ALV-K-
GD kept low level with 5%, 20%, 23%, 5% and 8% respectively at 7, 14, 21,
28 and 35 dpi. For the viral shedding in cloaca as described in Fig3B, the
positive rate from chickens infected with ALV-J-J1 and ALV-K-eny-J was
very similar at 14 dpi, whereas that from chickens infected with ALV-J-J1
kept high level with 85%, 80% and 78% respectively at 21, 28 and 35 dpi
and that from chickens infected with ALV-K-env-J was dramatically de-
creased to 45%, 47% and 37% respectively at 21, 28 and 35 dpi. It was
noted that no virus was detected in the cloaca from the chickens infected
ALV-K-GD at 7, 14, 21, 28 and 35 dpi. All these demonstrated that the
chickens infected with recombinant virus ALV-K-env-J shed more viruses in
cloaca and caused severe viremia compared with the wide type ALV-K.

In addition to detection of viral shedding and viremia in the infected
chickens, the bodyweight and the antibody titer against p27 antigen
were also measured at different time points. As described in Fig4A,
although no significant difference for the bodyweight was found among
different Groups, the chickens infected with ALV-J-J1 or ALV-K-env-J or
ALV-K-GD grew more lower than the control chickens without infec-
tion. For the detection of antibody titer against p27 antigen, an indirect
ELISA method was used as previously described (Qiu et al., 2011). The
mean OD450 value for antibody titer against p27 from chickens
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infected with ALV-J-J1 was 0.36, 0.58 and 0.91 respectively at 21, 28
and 35 dpi whereas that from chickens infected with ALV-K-env-J was
0.28, 0.3 and 0.5 respectively. However, the mean OD450 value for
antibody titer against p27 from chickens infected with ALV-K-GD or
control chickens was all less than 0.3 (the cut-off value of the ELISA) at
21, 28 and 35 dpi.

2. Discussion

In China, the pathogenic ALV-J was first identified and reported in
1999 (Du et al., 1999). ALV-J has rapidly spread and caused severe
economic losses to the poultry industry in China. Although the eradi-
cation program of ALV in China since 2010 has significantly reduced the
disease caused by ALV-J, the emerging of novel subgroup of avian
leukosis virus ALV-K is challenging the ALV eradication program in
China. ALV-K or ALV-K like viruses have been not only frequently
isolated from the indigenous chicken flocks in mainland China, but also
reported from Japan and Taiwan (Cui et al., 2014; Dong et al., 2015;
Shao et al., 2017; Li et al., 2016). Several groups have characterized
ALV-K as a low pathogenic ALV mainly due to its LTR derived from the
endogenous ALV-E virus (Shao et al., 2017). Notably, ALV-A, ALV-B,
ALV-J and ALV-K infections were prevalent in some indigenous chicken
flocks in China in the past few years (Su et al., 2018). Recently, ALV-A,
ALV-J and ALV-K were identified in an indigenous chicken flock by our
group (Data not shown, manuscript under review). It should be noted
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that the high genetic diversity of ALV among the indigenous chickens in
China and the frequent emergence of the co-infection of ALV-K with
multiple ALV subgroups pose a risk for the generation of the novel and
pathogenic recombinant ALV. Previous study showed that the natural
recombinant ALV-J with an ALV-A envelope could significantly change
the viral pathogenicity (Lupiani et al., 2003). In this study, we gener-
ated a recombinant ALV virus ALV-K-env-J using the env gene of ALV-K
and the backbone of ALV-J infectious clone J1 to evaluate such po-
tential. Our data showed that ALV-K-env-J virus replicated more effi-
cient and yield higher viral titer in DF-1 cells compared with the wild
type ALV-K-GD and the ALV-J-J1 rescued, highlighting the env gene of
ALV-K could significantly increase the viral replication of ALV-J-J1 in
DF-1 cells. Different from other ALV-J viruses, ALV-J-J1 virus rescued
did not show efficient replication in DF-1 cells. Further analysis re-
vealed that the env gene from the ALV-J infectious clone J1 carried
unique mutations which might response to the low replication ability of
ALV-J-J1 in DF-1 cells. However, such mutation in env of ALV-J-J1
might not obviously affect on the growth of ALV-J in vivo. Chicken
infection study further demonstrated that ALV-K-env-J shed more
viruses in cloaca and caused more severe viremia than the wide type
ALV-K, but not the ALV-J-J1. The high level expression of viral re-
ceptors of ALV-J, but not ALV-K in chickens might contribute to the
more efficient replication of ALV-J-J1 than ALV-K-env-J in vivo. No-
tably, although wide type ALV-K-GD did not shed the detectable viruses
in cloaca and caused low viremia/antibody positive rate, the chickens
infected with ALV-K-GD, similar with ALV-K-env-J and ALV-J-J1, did
grow lowly compared with the chickens in the control group. This
observation indicated that although ALV-K in infected chickens was
hardly detected, ALV-K infection did affect the health of the chickens.
In addition, no obvious tumor was found in the chickens infected with
all three viruses possibly due to the short experimental time in the
study. And in the HE staining sections, the typical tumor cell was also
not found (Data not shown).

In summary, it is the first demonstration of a novel recombinant
virus carrying env gene from ALV-K and other genome from ALV-J with
increased pathogenesis. The frequent co-infection of ALV-K with mul-
tiple ALV subgroups in domestic chicken flocks in mainland China poses
the risk for the emergence of novel recombinant ALVs and burdens the
control strategy for ALV, highlighting the significance of the epide-
miological monitoring for such recombinant viruses like ALV-K-env-J
generated in this study.
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