
OPEN

LETTER TO THE EDITOR

Outbreaks of serotype 4 fowl adenovirus with novel
genotype, China
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Dear Editor,
Fowl adenovirus (FAdV) belongs to the genus Aviadenovirus and

has been clustered into five species (A–E) with 12 serotypes.1 Although
this virus has spread globally, FAdV infection typically causes only
subclinical symptoms, and severe FAdV infection is associated with
inclusion body hepatitis (IBH), hydropericardium syndrome (HPS)
and gizzard erosion and ulceration.1–8 Notably, severe FAdV cases
with IBH and HPS in chicken flocks have been observed in China
since 2013.9 These outbreaks typically occurred in 3–5-week-old
broiler flocks, as well as in 10–20-week-old layer flocks. In contrast
to mild disease caused by previous FAdV outbreaks, the outbreaks of
FAdV in 2015 in China caused a huge economic loss in the poultry
industry. Surprisingly, to date, little is known regarding the molecular
characteristics or serotypes of these potentially devastating FAdVs that
remain in circulation in China.
To identify which serotypes or variants of FAdV currently circulate

in chicken flocks in China, we isolated FAdV from five provinces
(Jiangsu, Shangdong, Anhui, Henan and Jiangxi) in 2015 for sequence
analyses. For viral isolation, approximately 150 chickens with IBH
or HPS were collected from the five provinces, and chicken liver
homogenates were inoculated into embryonated chicken eggs. The
isolates were identified as FAdV-positive by polymerase chain reaction
(PCR) with primers (forward: 5′-CAA CTA CAT CGG GTT CAG
GGA TAA CTT C-3′, reverse: 5′-CCA GTT TCT GTG GTG GTT
GAA GGG GTT-3′), which are highly conserved in all the five species
of FAdV, and specifically amplify a 766-bp fragment of the hexon gene
(from position 852 to 1518 based on the hexon gene of strain ON1).
The PCRs were performed with the following protocol: 94 °C for
5 min followed by 30 cycles of 94 °C for 30 s, 55 °C for 30 s, 72 °C for
30 s and 72 °C for 10 min. Next, the PCR products were sequenced
by Sanger sequencing. In the end, nine FAdVs were isolated from
the five provinces in 2015 and named JSCZ15, JSSQ15, JSTZ15, SD15,
SDWF15, AHFY15, AHHF15, JX15 and HNLY15. Isolates JSCZ15,
JSSQ15 and JSTZ15 were from Jiangsu; isolates SD15 and SDWF15
were from Shangdong; isolates AHFY15 and AHHF15 were from

Anhui; and isolates JX15 and HNLY15 were from Jiangxi and Henan,
respectively. Among these isolates, only JSSQ15 (11.11%) was identi-
fied as serotype 8 FAdV, while the other eight isolates (88.89%) were
identified as serotype 4 FAdV. The PCR product of JSSQ15 showed
100% homology with that of serotype 8 (FAdV-E), whereas the PCR
products from other eight isolates had 100% identity to that of
serotype 4 (isolate ON1). This finding demonstrates that serotype 4
FAdV is epidemic in recent chicken flocks in China.
To investigate the potential molecular variations in the FAdVs

isolated in this study, the genomic DNA of isolates JSCZ15, SD15,
SDWF15 and AHFY15 were first extracted and then sequenced as
previously described.9 Surprisingly, in comparison with the serotype 4
FAdV (JSJ13) isolated in 2013 in China, deletions with different sizes
in ORF29 were found in the 2015 FAdV isolates. Sixty-six-nucleotide
deletions were present in the genome of SD15, whereas 33-nt deletions
were present in JSCZ15, SDWF15 and AHFY15 (Figure 1). Next, a
region covering ORF29 of isolates JSCZ15, JSTZ15, AHHF15, JX15
and HNLY15, and another 2013 isolate JH2013 was amplified and
sequenced. Interestingly, the 2013 isolate JH2013, similar to JSJ13, did
not carry a deletion in ORF29, whereas the 2015 isolates JSCZ15,
JSTZ15, JX15, HNLY15 and AHFY15 all had a 33-nt deletion in
ORF29. Notably, additional whole genome sequence analyses revealed
a deletion of 1961 nt from position 35413 to 37373 in four Chinese
serotype 4 FAdVs compared with other serotype 4 isolates (KR-5, ON1
and MX-SHP90 from Austria, Canada and Mexico, respectively) available
in NCBI. This deletion covered ORF19 (coding lipase) and ORF48 based
on the sequence of the prototype serotype 4 isolate ON1. By contrast, the
fiber1, fiber2 and hexon proteins associated with the antigenicity for these
Chinese FAdVs showed 94.4%–94.7%, 93.3%–94.5% and 98.4%–98.6%
similarity, respectively, to those from KR-5, ON1 and MX-SHP90,
indicating potential antigenic variation. However, these proteins among
the Chinese FAdVs had 99.8%–100% identity to each other.
Our data demonstrated that serotype 4 FAdV with a novel genotype

was epidemic in China. These novel Chinese serotype 4 FAdVs from
chicken flocks with IBH and HPS outbreaks carry a deletion of ORF19.
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Another 2015 Chinese serotype 4 FAdV HB1510 isoalted by Li et al. and
made available in NCBI also shows the ORF19 deletion. Although the
role of this deletion is unknown, a recent study by Pedro et al. indicated
that serotype 4 FAdV isolates with truncated ORF19 showed higher
virulence than isolates with the full ORF19.10 This finding suggests that
Chinese serotype 4 FAdVs with deletions of ORF19 may be highly
pathogenic. Our recent infection studies in chickens with isolates JSCZ15,
SD15 and SDWF15 resulted in 80–100% mortality, confirming the high
virulence of these FAdVs. However, the exact role of the deletion of
ORF19 in these FAdVs still needs to be elucidated. Our data also revealed
that 2015 Chinese serotype 4 FAdVs had 33-nt or 66-nt deletions in
ORF29 in comparison with 2013 Chinese serotype 4 FAdV (Figure 1). A
33-nt deletion is also found in isolate HB1510. This finding highlighted
the host adaptation of these serotype 4 FAdVs in recent chicken flocks in
China. Further analysis revealed that isolates MX-SHP90 and KR-5 from
other continents also carried a deletion of 33 nt in ORF29, and a 66-nt
deletion was observed in isolates ON1. However, little is known regarding
the roles of these deletions or host adaptation in the pathogenicity of
these novel Chinese serotype 4 FAdVs. Future studies should investigate
the large geographic distribution of these novel serotype 4 FAdVs,
monitor their variants, identify their virulence determinants and develop
efficient strategies against these novel serotype 4 FAdVs.
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Figure 1 Alignment of ORF29 from recent Chinese serotype 4 fowl adenovirus. The ORF29 sequences of these Chinese serotype 4 fowl adenovirus,
including nine 2015 isolates from this study (JSCZ15, JSSQ15, JSTZ15, SD15, SDWF15, AHFY15, AHHF15, JX15 and HNLY15) and two 2013 isolates
(JSJ13 and JH13), were aligned using DNAStar.
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