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A B S T R A C T

Infectious Bursal Disease Virus (IBDV) of the ITA genotype (G6) was shown to have peculiar molecular char-
acteristics and, despite a subclinical course, aggressiveness towards lymphoid tissues after experimental infec-
tion of specific-pathogen-free (SPF) chickens. The aim of the present study was to evaluate and compare with a
Classical IBDV strain, ITA IBDV distribution and persistence in various tissues (bursa of Fabricious, spleen,
thymus, bone marrow, caecal tonsils, Harderian gland, kidney, liver and proventriculus), its cloacal shedding
and the involvement of gut TLR-3 in duodenum tissues. The 35-day-old SPF chickens were experimentally in-
fected and sampled up to 28 days post infection (dpi) for IBDV detection and TLR-3 quantification by qRT-PCR.
The ITA IBDV strain was detected in lymphoid and most non-lymphoid tissues up to the end of the trial, with
higher loads compared to the Classical IBDV. Most of those differences were found during the first 2 weeks post-
infection. Notably, bone marrow and caecal tonsils presented higher viral loads until 28 dpi, allowing to
speculate that these organs may serve as non-bursal lymphoid tissues supporting virus replication. Differences in
relative TLR-3 gene expression between ITA IBDV-infected birds and Classical-IBDV infected ones were observed
at 4, 14 and 21 dpi, being initially higher in Classical group and later in ITA group. Our results provide new
insights into IBDV pathogenesis showing that IBDV of ITA genotype leads to a high and persistent viral load in
lymphoid tissues and to a delayed antiviral response.

1. Introduction

Infectious bursal disease (IBD) is a highly contagious im-
munosuppressive disease of chickens caused by an RNA virus (IBDV)
belonging to the family Birnaviridae, genus Avibirnavirus (Delmas et al.,
2019). The IBDV gains entry via the oral route and targets im-
munoglobulin M-bearing B lymphocytes of the bursa of Fabricious
which is the main target organ of the virus (Sharma et al., 2000). Al-
though infection can be clinical or subclinical, both cause im-
munosuppression (Eterradossi and Saif, 2013). In addition to B cells,
macrophages are also susceptible to infection and are hypothesised to
be responsible for dissemination of IBDV from the digestive tract to the
bursa and other peripheral organs (Käufer and Weiss, 1980; Khatri
et al., 2005; Palmquist et al., 2006). Viral tissue distribution, load and
persistence of different strains are often correlated to the degree of

IBDV virulence (Tanimura et al., 1995; Tsukamoto et al., 1995;
Elankumaran et al., 2002; Rautenshlein et al., 2003; Abdul et al., 2013;
Jayasundara et al., 2017, 2018). In addition to the bursa, IBDV presence
has been reported in other lymphoid organs or tissues, such as spleen,
thymus and caecal tonsils and, albeit to a lesser degree, in non-lym-
phoid organs. (Elankumaran et al., 2002; Abdul et al., 2013). Highly
pathogenic strains have been proven to grow more quickly and reach
higher titres in extra-bursal lymphoid tissues compared to moderate
pathogenic strains (Tanimura et al., 1995; Tsukamoto et al., 1995;
Rautenschlein et al., 2003).

Toll-like receptors (TLRs) are host cell receptors involved in the
recognition of foreign molecules, including viral ones, and subsequently
induce an antiviral response, enabling pathogen-associated molecular
patterns (Guo et al., 2012). In particular, TLR-3 receptors detect double-
stranded RNA derived from viral replication into target cells and their
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expression increase in the bursa has been correlated with IBDV viru-
lence (Raj et al., 2011; Rauf et al., 2011; Guo et al., 2012; He et al.,
2017). Recently, Li et al. (2018) have focused on the modification oc-
curring in gut-associated lymphoid tissue (GALT) after IBDV experi-
mental infection, confirming its importance in IBDV immune-patho-
genesis (Rautenschlein et al., 2007; Wang et al., 2009; Carballeda et al.,
2011). However, the importance of TLRs in chicken GALT, after ex-
perimental IBDV infection, has not yet been fully investigated.

In 2011, a new genotype of IBDV, named ITA, was detected in IBD-
live vaccinated Italian broilers (Lupini et al., 2016) and a recently
proposed classification for IBDV into genogroups placed the ITA gen-
otype into genogroup 6 (G6) (Michel and Jackwood, 2017). Full
genome characterisation showed that the ITA-IBDV genotype has pe-
culiar molecular characteristics in key positions that may be virtually
associated with major changes in virus properties (Felice et al., 2017).
Experimental infection of specific-pathogen-free (SPF) chickens with a
strain belonging to the ITA genotype has revealed its aggressiveness
towards lymphoid tissues, despite a subclinical course (Lupini et al.,
2017).

The present study aimed to evaluate, via quantitative reverse tran-
scription PCR (qRT-PCR), the tissue distribution, persistence and
cloacal shedding of IBDV following experimental infection of SPF
chickens with an ITA genotype strain. Furthermore, in order to pre-
liminary investigate the involvement of the IBDV gut TLRs, TLR-3 was
quantified in the duodenum via qRT-PCR.

2. Material and methods

2.1. SPF chickens and viruses

SPF chickens were used and housed in HEPA-filtered isolators for
the duration of the study and food and water were given ad libitum. The
trial was performed in agreement with national regulations on animal
experiments and animal welfare, according to authorization N°635/
2015-PR, obtained by the Italian Ministry of Health.

Two isolates of IBDV were used in this study, named, according with
the new nomenclature proposed by Jackwood et al. (2018) IBDV 1/
chicken/Italy/1829/11/(G6) (ITA genotype, genogroup 6) and IBDV 1/
chicken/Italy/24II/12/(G1a) (genogroup 1a). The virus IBDV 1/
chicken/Italy/24II/12/(G1a) was used for comparative purposes as
belonging to Classical genogroup. Virus isolation and titration were
performed in SPF embryonated eggs as previously described (Senne,
2008) and titres were calculated according to the method of Reed and
Muench (1938). Briefly, virus isolation was obtained from bursal
homogenates that tested positive for IBDV ITA or Classical genotypes by
RT-PCR and sequencing (Jackwood et al., 2018). Inocula were prepared
as a 20% (weight/volume) suspension of positive bursae in minimal
essential medium (MEM) containing antibiotics and antimycotics (pe-
nicillin, streptomycin and amphotericin B; Applied Biosystems, CA,
USA). The supernatant (0.2 ml/egg) was used to inoculate ten 12-day-
old SPF chicken embryonated eggs via the chorioallantoic membrane
(CAM) route. The eggs were incubated at 37.7 °C until embryo death
was recorded, or up to 7 days post-inoculation. From the eggs suspected
of being infected, due to embryo death or the presence of embryo le-
sions, the CAMs were aseptically harvested, homogenised, pooled and
prepared as 20% (w/v) suspensions. IBDV isolation was confirmed by
RT-PCR (Jackwood et al., 2008). Afterwards, viruses were titrated by
inoculation of 10-fold serial dilutions of the viral suspensions in SPF
eggs as previously described and at 7 days post-inoculation the number
of infected or dead eggs were recorded and used for the calculation of
the fifty per cent eggs infectious dose (EID50) according to the method
of Reed and Muench (1938).

Viral stocks were tested by PCR to exclude contamination with
avian adenovirus (Raue and Hess, 1998) and chicken anemia virus
(Imai et al., 1998).

2.2. Virus inoculation and sampling

Birds were divided at hatch into three groups: ITA-IBDV group (30
birds), G1a-IBDV group (30 birds) and negative control group (18 birds)
and housed in separate poultry isolators. At 35 days of age, groups ITA-
IBDV and G1a-IBDV were orally inoculated with 104.5 EID50 of IBDV 1/
Italy/1829/11/(G6) or IBDV 1/Italy/24II/12/(G1a) strains, respec-
tively. The control group received sterile PBS.

At 2, 4, 7, 14, 21 and 28-days post inoculation (dpi), five birds from
ITA-IBDV and G1a-IBDV groups and three birds of the control group
were humanely sacrificed. Cloacal swabs and tissue samples of bursa of
Fabricious, spleen, thymus, bone marrow, caecal tonsils, Harderian
gland, kidney, liver and proventriculus, were aseptically collected and
stored for subsequent IBDV detection and quantification by qRT-PCR.
Furthermore, at 2, 4, 7, 14 and 21 dpi a piece of 5 cm of the medium
region of the duodenum was collected for relative quantification of
TLR-3 gene expression by qRT-PCR.

2.3. Samples processing

After sampling, the cloacal swabs were dried under laminar flow
cabinet for 30min. For elution each swab was dipped in a tube con-
taining 250 μl of PBS and centrifuged at 4500 rpm for 5min at +4 °C.
The swab was then removed from the tube and the eluted was stored at
−80 °C until RNA extraction.

Tissue samples were weighed, and, to obtain a 10% suspension
weight/volume, sterile PBS was added in accordance with the following
formula: PBS (ml) = weight of the tissue (g) x 9. Tissues were homo-
genized using T10 basic ULTRA-TURRAX® (IKA®-Werke GmbH & Co.
KG, Staufen, Germany) supplied with sterile disposable plastic probes to
prevent sample-to-sample cross-contamination. The homogenized tis-
sues were centrifuged at 2000 rpm for 15min at +4 °C and the super-
natant was collected and used for RNA extraction.

2.4. Total RNA extraction

RNA was extracted from 200 μl of supernatant or eluate, using the
High Pure RNA Isolation Kit (Roche Diagnostic, Marnes La Coquette,
France) according to the manufacturer's instructions.

2.5. qRT-PCR for IBDV

For IBDV detection and quantification, samples were tested in du-
plicates using two different qRT- PCRs protocols, developed to specifi-
cally detect and quantify the genomes of IBDV 1/Italy/1829/11/(G6)
or IBDV 1/Italy/24II/12/(G1) strains. Primers and probes were de-
signed (Table 1) on the sequences of the variable region of VP2 gene.
The assay was performed using SuperScript® III Platinum® One-Step
qRT-PCR Kit (InvitrogenTM, Carlsbad, CA, USA) on LightCycler® Nano

Table 1
Primers and probes designed and used for the detection and the quantification
by qRT-PCR of the inoculated IBDV strains.

Primer Sequence (5’-3’) Position in the genome

G1a genotype
Forward TGGAGACTATGGGCATCTAC 2715–2734a

Reverse CGGTATTTCTCGTGTGTTCT 2805–2824a

Probe FAM-TAGCACTCAATGGGCACCGA-BHQ1 2754–2773a

ITA genotype
Forward CTCAGCCTGCCCACATCATA 389–408b

Reverse CGTTACCCCACCTTGTTGGT 549–568b

Probe HEX-AGGCTTGGWGACCCCATTCC-BHQ1 425–444b

a Based on the sequence of IBDV strain 150127/0.2 (GenBank accession no.:
MF969107).

b Based on the sequence of IBDV strain IBDV/Italy/1829/2011 (GenBank
accession no.: KY930929.1).
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Instrument (Roche, Basel, Switzerland) following the manufacturer’s
instructions. The qRT-PCR thermal profile was: 50 °C for 15min, 95 °C
for 2min followed by 45 cycles of 95 °C for 15 s, and 60 °C for 30 s. The
assay was validated using titrated virus suspensions (105.4 EID50/mL for
IBDV 1/Italy/24II/12/(G1a) strain, or 105.2 EID50/mL for IBDV 1/Italy/
1829/11/(G6) strain). The qRT-PCR limit of detection (LoD50) was
evaluated using serial 10-fold virus dilutions in negative matrices,
performed in quadruplicate, ranging from the undiluted virus to a final
10−7 dilution. LoD50 was defined as the lowest viral amount detectable
in at least 50% of the replicates. LoD50 was 100.54EID50/mL and
100.52EID50/mL for Classical and ITA strains respectively. Standard
curves generated for each titrated IBDV strain were obtained and used
for quantification by fitting a linear regression relating Cp values and
viral titers expressed as EID50/mL. Additionally, the curves allowed to
evaluate reaction efficiencies, which were proven to be 92% (IBDV-
Classical) and 103% (IBDV-ITA), and the coefficient of determination
resulted to be higher than 0.97 for both strains.

2.6. qRT-PCR for relative quantification of TLR-3 gene expression

For quantification of TLR-3 gene expression, RT was carried out
using SuperScript™ III Reverse Transcriptase (Invitrogen, Carlsbad,

California, US) in a 10 μl final volume as recommended by the manu-
facturer. Briefly, 0.5 μl of Oligo(dT)20 primer (50 μM) (Invitrogen,
Carlsbad, California, US), 0.5 μl of dNTP (10mM), 3 μl of nuclease-free
water and 2.5 μl of RNA were incubated at 65 °C for 5min and on ice for
1min. A mix composed by 2 μl of 5X first strand buffer, 0.5 μl (0.1M)
DTT, 0.5 μl of 40 U/μl RNaseOUT™ Recombinant Ribonuclease
Inhibitor (Invitrogen, Carlsbad, California, US) and 0.5 μl of
SuperScript™ III RT (200 U/μl) was then added to each sample. The RT
mixture was incubated at 50 °C for 30min. The RT was inactivated by
heating at 70 °C for 15min.

qPCR was performed on a LightCycler®nano system (Roche, Basel,
Switzerland) using the QuantiTect SYBR® Green PCR Kit (Qiagen,
Hilden, Germania) in order to quantify TLR-3 (target gene) and Beta-
Actin (housekeeping gene). The amplification was performed in a total
volume of 10 μl, containing 5 μl of SYBR Green PCR Mix, 0.5 μl of for-
ward primer and reverse primer (10 μM), 2 μl of water and 2 μl of c-
DNA template. The primers sequences were TLR2-for (5′-GCCGCAGC
ATAGCATCATAC-3′) and TLR2-rev (5′-TGAGTGAGGTGACAGCA
AGG-3′) (Raj et al., 2011), for TLR-3 quantification, and ActinF (
5′-GCACCACACTTTCTACAATGAG-3′) and ActinR (5′-ACGACCAGAGG
CATACAGG-3′) for Beta-Actin quantification. For each sample, specific
target gene qPCR was performed in duplicate in independent wells. The
efficiency of both qPCR was estimated using a 10-fold sample dilution
in biology-grade water and used to calculate efficiency-corrected Cq
values, which allowed to analyze the relative gene expression calcu-
lating the ratio between the average TLR-3 and Beta-Actin quantity. All
analysis were performed using the LightCycler®nano Software V1.1
(Roche, Basel, Switzerland).

2.7. Statistical analysis

Count of positive samples among different groups and tissues were
analyzed using Fisher exact test. The viral genome quantity means were
transformed to Log10, and then the non-parametric Wilcoxon test was
performed (SPSS, IBM) to assay statistical differences in RNA loads
between groups and time points. For TLR3 the Wilcoxon signed-rank
test for independent samples were performed to assess the difference
between uninfected and infected groups. For all tests, the significance
level was set to p < 0.05.

3. Results

3.1. Detection and quantification of IBDV by qRT-PCR

The results of IBDV detection in samples collected from birds of the

Table 2
IBDV RNA detection in lymphoid and non-lymphoid tissues, and in swabs collected from virus-inoculated experimental groups.

Sample 2 dpia 4 dpi 7 dpi 14 dpi 21 dpi 28 dpi

G1a ITA G1a ITA G1a ITA G1a ITA G1a ITA G1a ITA

Lymphoid tissues
Bursa 5/5 b 5/5 5/5 5/5 5/5 5/5 4/5 5/5 4/5 5/5 4/5 4/5
Spleen 5/5 5/5 5/5 3/5 5/5 5/5 1/5* 4/5* 2/5 3/5 5/5* 1/5*

Thymus 4/5 5/5 5/5 5/5 4/5 5/5 1/5* 5/5* 0/5 0/5 2/5 2/5
Bone marrow 4/5 4/5 5/5 5/5 3/5 5/5 3/5 5/5 0/5 3/5 0/5* 5/5*

Caecal tonsils 5/5 4/5 5/5 5/5 5/5 3/5 2/5 4/5 4/5 5/5 3/5 5/5
Harderian gland 3/5 3/5 5/5 3/5 1/5 2/5 2/5 3/5 0/5 1/5 2/5 3/5
Non-lymphoid tissues
Kidney 5/5 2/5 4/5 4/5 4/5 5/5 0/5* 5/5* 0/5 1/5 1/5 0/5
Liver 5/5 5/5 5/5 4/5 3/5 3/5 3/5 1/5 0/5 0/5 0/5 0/5
Proventriculus 4/5* 0/5* 5/5* 1/5* 1/5 1/5 1/5 0/5 0/5 1/5 4/5* 0/5*

Shedding
Swabs 5/5 4/5 4/5* 0/5* 3/5 1/5 0/5 0/5 0/5 0/5 0/5 1/5

a Day post-infection.
b Number of birds/total birds sampled from which viral RNA was detected.
* Statistically significant difference (p < 0.05).

Fig. 1. Mean IBDV load in bursa of Fabricious of birds of virus-inoculated ex-
perimental groups. The asterisk (*) indicates a statistically significant difference
(p < 0.05) between groups.
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ITA-IBDV or G1a-IBDV groups are reported in Table 2. The IBDV RNA
was not found in any sample from the birds of the control group.

3.2. Lymphoid tissues

3.2.1. Bursa of Fabricius
No statistically significant differences between virus-inoculated

groups were found in the number of bursa IBDV-positive birds per days
of sampling (Table 2). Quantification of viral RNA in bursal tissues
showed that at 4 and 7 dpi, the mean of the RNA load in the ITA-IBDV
group was significantly higher (p < 0.05) than the mean RNA load in
the G1a-IBDV group (Fig. 1).

3.2.2. Spleen
At 2 dpi, spleens of virus-inoculated birds were all positive for IBDV

(Table 2), although the quantification showed that the ITA-IBDV group
had a higher RNA load (p < 0.05) compared to the G1a-IBDV group
(Fig. 2). At 14 dpi, a higher number of positive birds and a higher viral
load (p < 0.05) were also observed in the ITA-IBDV group compared
to the G1a-IBDV group. At 28 dpi, the G1a-IBDV group showed a higher
number of positive birds (p < 0.05) compared to the ITA-IBDV group
(Table 2), but the viral load was not statistically different between
groups (Fig. 2).

3.2.3. Thymus
A significantly higher number of IBDV-positive birds (p < 0.05)

Fig. 2. Mean IBDV load in lymphoid tissues of birds of virus-inoculated experimental groups. The asterisk (*) indicates a statistically significant difference
(p < 0.05) between groups.
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was observed in the ITA-IBDV group at 14 dpi compared to the G1a-
IBDV group. Furthermore, at 2, 4, 7 and 14 dpi, the ITA-IBDV group had
a significantly higher RNA load in the thymus (p < 0.05) compared to
the G1a-IBDV group (Fig. 2).

3.2.4. Bone marrow
In bone marrow, IBDV RNA was more frequently detected, and at a

higher load (p < 0.05) in the ITA-IBDV group than in the G1a-IBDV
group at 2, 4, 7, 14 and 28 dpi (Table 2, Fig. 2).

3.2.5. Caecal tonsils
No statistically significant differences between IBDV-inoculated

Fig. 3. Mean IBDV load in non-lymphoid tissues of birds of virus-inoculated experimental groups. The asterisk (*) indicates a statistically significant difference
(p < 0.05) between groups.

Fig. 4. Mean viral shedding in ITA-IBDV or G1a-IBDV inoculated groups.
Different letters indicate statistically significant differences (p < 0.05) be-
tween groups.

Fig. 5. Relative TLR-3 gene expression in duodenum tissues. Different letters
indicate statistically significant differences (p < 0.05) between groups.
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groups were found in the number of caecal tonsil-positive birds, per day
of sampling. Quantification of viral RNA showed that at 14, 21 and 28
dpi, the ITA-IBDV group had a higher mean RNA load in caecal tonsils
(p < 0.05) compared to the G1a-IBDV group (Fig. 2).

3.2.6. Harderian gland
Only at 2 dpi, the ITA-IBDV group showed a higher RNA load

(p < 0.05) in Harderian glands compared to the G1a-IBDV group
(Fig. 2).

3.3. Non-lymphoid tissues

3.3.1. Kidney
A statistically higher number of kidney-positive birds (p < 0.05)

was observed at 14 dpi in the ITA-IBDV group compared to the G1a-
IBDV group. Furthermore, at 4, 7 and 14 dpi, kidneys of the birds of the
ITA-IBDV group had a higher RNA load (p < 0.05) compared to kid-
neys of birds of the G1a-IBDV group (Fig. 3).

3.3.2. Liver
Only at 4 dpi, the ITA-IBDV group showed a statistically higher RNA

load in the liver (p < 0.05) compared to the G1a-IBDV group (Fig. 3).

3.3.3. Proventriculus
At 2, 4 and 28 dpi, the G1a-IBDV group showed a higher number of

birds IBDV-positive in the proventriculus (p < 0.05) compared to the
ITA-IBDV group (p < 0.05). At 2 dpi, a statistically higher RNA load
(p < 0.05) was observed in the proventriculus of birds of the G1a-IBDV
group compared to the ones of the ITA-IBDV group (Fig. 3).

3.4. Viral shedding

Viral shedding was statistically different between virus-inoculated
groups, both in term of the number of positive birds and virus load at 4
dpi (p < 0.05), being higher in the G1a-IBDV group (Table 2; Fig. 4).

3.5. Relative quantification of TLR-3 gene expression

At 2 dpi, no statistically significant difference was observed among
all experimental groups in terms of TLR-3 gene expression (Fig. 5). At 4
dpi TLR-3 expression was significantly higher in the G1a-inoculated
group than in the control group. At 14 and 21 dpi, TLR-3 expression
was significantly higher in the ITA-IBDV group than in the control
group. No significant differences were observed between G1a and ITA
groups at any sampling time.

4. Discussion

The aim of this study was to evaluate, via qRT-PCR, tissue dis-
tribution and cloacal shedding of an IBDV strain of the genotype ITA
(G6) up to 4 weeks after experimental infection of SPF chickens.

The ITA IBDV strain was detected in lymphoid and most non-lym-
phoid tissues up to the end of the trial, with the highest viral load in the
bursa of Fabricious, the caecal tonsils and the bone marrow. In parti-
cular, the bursa of Fabricious has been confirmed to be the most re-
levant site for IBDV detection (Kauffer and Weiss, 1980). The virus
persisted less and at lower titres in non-lymphoid tissues, as previously
reported by Abdul et al. (2013).

However, ITA-inoculated birds showed significantly higher viral
loads, comparing the Classical (G1a)-inoculated group in all tested
tissues, except for the proventriculus. Most part of those differences
were found during the first 2 weeks post-infection in the bursa, thymus,
bone marrow, caecal tonsils and kidney. Notably, bone marrow and
caecal tonsils displayed a higher viral load until 28 dpi, leading us to
infer that these organs may serve as non-bursal lymphoid tissues sup-
porting virus replication in the advanced stage of the viral infection.

The failure of ITA IBDV to be cleared from non-bursal lymphoid
tissues, observed in our study, together with the high bone marrow viral
load, lends credibility to the hypothesis that a persistent and productive
niche for IBDV replication exists in cells of the lymphoid system,
probably belonging to the monocyte-macrophage lineage, which has
previously been demonstrated to efficiently support in vivo and in vitro
IBDV replication (Von Bülow and Klasen, 1983; Burkhardt and Müller,
1987; Elankumaran et al., 2002).

Based on previous studies, IBDV infection induces the activation of
immune transcriptional patterns, including TLRs, also in the duodenum
and the caecal tonsils (Rautenschlein et al., 2007; Carballeda et al.,
2011), and their over-expression is correlated with strain virulence (He
et al., 2017).

In the present study, there were significant differences in the re-
lative gene expression of TLR-3 in the duodenum of ITA IBDV-infected
birds or G1a IBDV-infected birds, compared with the control birds, at 4,
14 and 21 dpi, being initially higher in the G1a group and later in the
ITA group. The delay in the antiviral response in the ITA IBDV-in-
oculated birds could be adduced as an explanation for the earlier and
more severe bursal atrophy observed after ITA IBDV inoculation of SPF
birds (Lupini et al., 2017) and for the high overall tissue viral load
observed in the present study. An early impairment of the gut mucosal
immunity has also been reported during infection with very virulent
IBDV strains (Wang et al., 2009). Although TLR-3 has been considered
the major pattern recognition receptor after IBDV infection (He et al.,
2017), our preliminary results need to be supplemented by evaluating
the involvement of other important pro-inflammatory parameters, such
as TLR-7 or other antiviral mediators such as IFN-ß or IL-8, proven to be
involved in IBDV immune-pathogenesis (Sharma et al., 2000).

The IBDV faecal shedding is short-lasting after infection (Zhao et al.,
2013); this is confirmed by our results for both tested viruses, although
the cloacal shedding of the ITA IBDV strain is even shorter, with the
virus being excreted only in the first 48 h post-infection.

The emergence of IBDV strains belonging to new genetic lineages is
continuously occurring worldwide (Michel and Jackwood, 2017) and
those causing subclinical forms can represent a relevant challenge to
poultry health, since they can lead, through immunosuppression, to
secondary infections and impairment of immune response to vaccina-
tions (Fan et al., 2019).

Our results provide new insights into IBDV pathogenesis, showing
that IBDV of the ITA genotype (G6) leads to a high and persistent viral
load in lymphoid tissues and to a delayed antiviral response. Moreover,
protection conferred by the existing commercial vaccines to ITA IBDV
genotype infection is still unknown and needs to be further investigated
trough in vivo cross-protection studies in order to implement efficacious
vaccination plans in commercial poultry farms.
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