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Introduction

Avian adenoviruses (AAVs) affect wild and domestic birds. Under the AAVs, are Fowl
adenoviruses (FAdVs). The pathogenicity is complex and unclear, because FAdVs are reported in
both healthy and sick birds. Also, non-pathogenic and pathogenic strains exist, of which the latter
are implicated to disease.

Pathogenic FAdV4 mainly causes hydropericardium syndrome (HPS). Lesions include
fluid accumulation in the pericardium and hepatitis. Viral load is highest in the liver, followed by
the kidneys, spleen, and lungs. HPS can cause production losses due to decreased weight,
depression, immune-suppression, morbidity, and mortality. Cardiac failure is the main cause of
death, and mortality can reach 30% to 80%. Broilers and young birds, up to 5-week-old, have a
higher risk. Older birds are resistant, but may harbor latent infection. Coinfection and synergism
with other pathogens also occurs.

It appears that there are no previous reports of FAdV4 from the oviduct. In this study, two
strains were isolated from the oviducts of layers. The results of genetic analysis, the biochemical

properties, and the pathogenicity are described.

Chapter 1: Detection, isolation, and AAV genetic analysis
Two layer farms reported poor laying performance. Birds from M and Y farms, aged 44
and 26 weeks respectively, were at 82% egg production; lower than the ideal of 90-95%. Sampled



birds were apparently healthy, bacteria and Mycoplasma spp. isolation were negative.
Histopathological examination of oviducts from Y farm showed mild inflammatory reaction and
epithelial desquamation. PCR assays for infectious bronchitis virus (IBV) and egg-drop syndrome
virus (EDSV) were negative. In M farm, out of 15 oviduct samples taken at 378 days and 381 days,
10 (66.67%) were AAV-positive. In Y farm, out of 30 oviduct samples at 199 days, 209 days, 212
days, 223 days, and 290 days, 13 (43.33%) were AAV-positive. Six bone marrow samples at 199
days, 209 days, and 212 days were chicken anaemia virus (CAV) -positive.

Primary chick kidney cell (CKC) was prepared from 3 to 7-days-old SPF chicks.
Homogenized AAV-positive oviducts were inoculated into CKC, these were incubated in 5% CO»
at 40°C. The cells were observed 3 days post-inoculation (dpi) for CPE; passage and AAV-PCR
were also performed. A non-pathogenic KR35 strain was used as positive control. At 5" passage,
the inoculated CKC cultures were AAV-PCR positive and CPE negative. At 6" passage, these
were both PCR and CPE positive. At 8™ passage, AAV-PCR products were used for nucleic acid
sequencing of the hexon gene. The virus isolated from Y farm (Japan/Ibaraki/Y-H6/2016) showed
99.15% similarity with KRS5. The virus isolated from M farm (Japan/ Ibaraki/ M-HB2/2016) was
99.57% similar to KR5. The two strains were 99.29% similar with each other. FAdV4-PCR assay
for detection and sequencing of the fiber2 gene was also performed. The results also showed close
homology with non-pathogenic FAdV4. Multiple alignment was performed on both hexon and
fiber2 amino acid sequences. The results showed few mutations in the hexon and multiple
mutations in fiber2.

M and Y farms have a common pullet source. Historically, the flocks in that pullet farm
were monitored for CAV by PCR. Selected CAV-positive samples from the last 3 years were
tested by AAV-PCR. The results indicated CAV-AAV coinfection at the pullet stage. PCR
detection, isolation and nucleic acid sequencing confirmed FAdV4 from the oviduct of layers.

Although the impact on performance is unconfirmed, isolation from the organ appears to be novel.

Chapter 2: Biochemical properties

Knowledge of viral properties can be useful. Possibly, viral sensitivity can be exploited
for control. FAdVs can propagate in CKC, cultivation in chick embryo fibroblast (CEF) is also
reported. Immunosuppression, in HPS cases, is linked to a negative impact on lymphocytes. The
MDCC-MSBI cell line is derived from lymphocytes. Perhaps, the use of CEF or MSBI1 can
eliminate the need for SPF chicks.

After 10 passages in CKC, viral fluids from each of the strains were diluted from 10! to
10°'% in Hanks solution. 6-well plates were prepared for each dilution. After inoculation, plates
were incubated and checked for CPE 5 dpi. Computed titers of KR5, M strain, and Y strain were:
103-25TCIDso/ml, 1034°TCIDs¢/ mL, and 10%73TCIDso/ml respectively.

The sensitivity and stability of the field strains were assessed. Viral fluids were subjected
to different conditions such as: 100%, 70%, and 50% ethanol; 58°C, 54°C, 52°C, and 50°C heat;
chloroform; ether; and diluted formaldehyde (1:2000), followed by titration. A decrease of 1 logio
in titer was considered sensitivity. The strains were sensitive to 100% ethanol, 52°C and higher,
and formaldehyde. These were stable against chloroform, ether, and 50°C. Stability to 70%
ethanol was variable. HA-test was performed using 0.5% chicken RBC in PBS. In a 96-well



microtiter plate, 50 uL of 2-fold serial dilutions of the strains was prepared. 50 uLL RBC was added
and allowed to react for 30 min. All of the three strains were HA-negative.

CEF was processed from 10-12 days old SPF eggs. Four 6-well plates were prepared, 1
plate each for M strain, Y strain, KR5S, and negative control. Plates were inoculated with virus of
known titers, and were observed for CPE 5-6 dpi. Cells were passaged 6 times with
AAV/FAdV4-PCR performed every time. Inoculated CEF were CPE and PCR-positive 5 dpi on
the 1% passage until the 6. The infectivity to MSB1 cells was also assessed. MSB1 cells were
cultivated in RPMI 1640 medium with 10% FBS. Five 24-well plates were prepared; 3 were
inoculated with M strain, Y strain, and KRS5. One plate was inoculated with Hanks, and the last
one with 10>3TCIDsy CAV-live-vaccine. These were observed for color change and CPE and
passaged every 2 days. AAV/ FAdV4-PCR were performed on the 1st, 2nd, 3rd, 5th, 8th, and 13th
passages. After 13 passages, cells were alive and CPE-negative. These were PCR-positive at the
1%t passage, weak-positive at the 2", and negative at the 3 and succeeding. CAV-vaccine
inoculated cells were wrinkled or swollen at the 3" passage, and dead at the 4. Even after 13
passages, KRS, M strain, and Y strain cannot infect MSB1 cells.

The strains are sensitive against diluted formaldehyde, 100% ethanol, and 52°C. Perhaps,
environmental-contamination control can be initiated. Possibly, hot water spray or formaldehyde
disinfection can be used during cleanup. The strains can propagate in CEF, but may take 5 days to

produce CPE. These appear to have no affinity for MSB1 cells.

Chapter 3: Pathogenicity trials

Pathogenic FAdV4 can cause HPS in SPF chicks, as well as mortality in SPF embryos.
Although sequencing revealed that the strains are closely related to non-pathogenic strains, the
possibility of any effect on SPF embryos and chicks was checked.

Chorioallantoic-membrane (CAM) inoculation was performed on 9 days old SPF chick
embryos. 37 eggs were divided into 3 groups; 11 each for KR5, M farm, and Y farm strains. The
remaining 4 were negative control. At 4 dpi, 1 embryo (9.09%) from each virus-inoculated group
died. At 5dpi, all eggs were opened, and the lengths (cm) and weights (g) were measured. The
results are as follows: M strain, length: 4.44 + 0.49, weight: 3.39 + 1.06; Y strain, length: 4.46 +
0.19, weight: 3.52 + 0.57; and KRS, length: 4.38 + 0.34, weight: 3.28 + 0.85. Statistical analysis
showed that inoculated-embryos were significantly smaller (p < 0.05), hemorrhaging was also
observed. 5 embryos and CAMs were selected from each group for AAV-PCR. The results of
embryos are as follows: M strain, 3 of 5 (60%); Y strain, 1 of 5 (20%); and KRS, 2 of 5 (40%).
The results of CAMs are as follows: for M strain, 5 of 5 (100%) positive; for Y strain, 5 of 5
(100%) positive; and for KRS, 5 of 5 (100%) positive.

Sixty 1-day old SPF chicks were divided into 4 groups; 15 birds each for KRS, M farm
strain, and Y farm strain. The birds were given 0.1 ml of diluted virus (10°!) orally. The remaining
group was given Hanks solution as negative control. At 14 dpi no birds developed HPS,
disease-related lesions were also absent at necropsy. The livers, hearts, and kidneys from each
group were pooled as well as the duodenum, jejunum, and cecum. AAV/FAdV4-PCR were

performed on pooled samples. All tests were negative.



Eight 400-d-old non-vaccinated commercial hens were reared and separated into 2 groups.
Six were given 0.2 ml Y-farm strain IV, and 2 were given KR5S IV. Birds were observed for signs
of HPS. At 5dpi and 10 dpi, half of the birds from each group were sacrificed and necropsied. No
signs of HPS were observed. AAV-PCR was positive in pooled GIT only.

Virus-inoculated chick embryos were significantly smaller in size and weight,
hemorrhaging and death also occurred. Because of vertical transmission, infection may be a
greater concern for breeder operations. Oral inoculation of SPF chicks and commercial hens
confirm that the strains do not cause HPS.

Conclusion

e This could be the first report of FAdV4 detection and isolation of from the oviduct of layers.
Also, the birds may have been infected as pullets.

e The FAdV4 isolates are sensitive to diluted formaldehyde, 100% ethanol, and 52°C. These
strains lack HA activity.

e The strains can propagate in CEF, but not in MSB1.

e The virus is non-pathogenic to SPF chicks and commercial hens.

e Although a link to poor egg production was not evaluated, an effect on embryos was observed.
The strains can cause stunting or mortality in infected embryos, thus, could be a bigger

concern in breeding operations.
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