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A B S T R A C T

Infectious bursal disease virus (IBDV) is a significant pathogen in poultry, causing acute immunosuppressive
disease in young chickens. While B-lymphocyte involvement in IBDV pathogenesis is known, the role of T-cells is
incompletely understood. This systematic review presents the alterations in chicken T-lymphocyte subsets after
IBDV exposure, assessed by flow cytometry analysis. Four databases were queried for identifying eligible studies
focused on experimental infections measuring T-lymphocyte changes in the bursa of Fabricius, spleen, thymus,
and peripheral blood mononuclear cells. Of 488 studies found, 25 met the pre-established criteria and were
included in the qualitative synthesis of results. Most studies analysed T-lymphocyte responses during the acute
phase of IBDV infection, primarily focusing on CD4+ and CD8+ T-cells. Other subsets, such as γδ T-cells and
double-positive CD4+CD8+ T-cells, were less frequently investigated. An increase in T-lymphocytes was noted in
the bursa of Fabricius, suggesting their active role in viral clearance. In the spleen, CD4+ T-cells commonly
increased, while CD8+ responses varied among studies. Increased levels in T-cells were also noted during the
chronic infection in the bursa of Fabricius, possibly due to persistent viral antigens. Overall, variations in flow
cytometry methods and T-cell output reporting were noted among studies.

Based on the data collected, further investigation into diverse T-cell subpopulations beyond CD4+ and CD8+ is
needed, as well as the standardization of flow cytometry assays in chickens.

1. Introduction

1.1. Rationale

Infectious bursal disease (IBD), also known as Gumboro disease, is a
highly contagious viral infection that affects young chickens and can
result in significant economic losses for the poultry industry worldwide
(Berg, 2000; Dey et al., 2019). Vaccines, in conjunction with rigorous
biosecurity protocols, are the most important tools to combat IBD
(Müller et al., 2012). The disease is caused by a member of the Avi-
birnavirus genus, which belongs to the Birnaviridae family; it is a
non-enveloped virus with a double-stranded RNA genome (Dobos et al.,
1979; Müller et al., 1979). The genome comprises two distinct segments
(Dobos et al., 1979), encoding five viral polypeptides (VP1–VP5). The
larger segment, A, encodes VP2–VP5, with VP2 being a critical immu-
nogen that elicits the production of virus-neutralising antibodies (Fahey

et al., 1989). The smaller segment B encodes VP1, which has polymerase
and capping activities (Dey et al., 2019). Infectious bursal disease virus
(IBDV) is known to have two serotypes (Jackwood et al., 1982): serotype
I, pathogenic in chickens, and serotype II, which primarily affects tur-
keys (Ismail et al., 1988; Wang et al., 2021). Over the last few years,
phylogenetic studies have led to a classification system of IBDV into
several genogroups based on VP2 (Michel and Jackwood, 2017; Jack-
wood et al., 2018) and VP1 sequencing (Islam et al., 2021).

IgM-bearing B lymphocytes are the main target of IBDV, whose main
organ of development and maturation is the bursa of Fabricius. The
massive destruction of developing B cells in the acute phase of infection
leads to immunosuppression, predisposing the birds to secondary bac-
terial or viral infections and a poor immune response to vaccinations
(Berg, 2000; Eterradossi and Saif, 2020). During the recovery phase, B
cells repopulate the bursal follicles (Kim et al., 1999; Withers et al.,
2005). However, their numbers do not return to pre-infection levels,
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even at 35 days post-infection (dpi), as shown by a recent study by Nazki
et al. (2023). Interestingly, the humoral response against IBDV is not
affected, and birds develop high antibody titres, which can be detected
as early as 5 to 7 dpi and may play a role in viral clearance (Aricibasi
et al., 2010).

Due to its immunosuppressive nature, it is crucial to understand the
immunopathogenesis of IBDV to develop effective prevention strategies.
While the involvement of B cells in IBDV pathogenesis has been well
established, the role of T-cell subsets represents a new major interest,
together with other components of cell-mediated immunity, such as
macrophages and natural killer (NK) cells. Despite being resistant to
viral infection, T-cells hypothetically have a critical involvement in the
immunopathogenesis of IBDV. Studies have reported that, following
IBDV infection, T lymphocytes infiltrate the bursa of Fabricius
(Tanimura and Sharma, 1997; Vervelde and Davison, 1997) and limit
viral replication in the acute phase of infection (Rautenschlein et al.,
2002), but they can promote bursal tissue damage and delay tissue re-
covery in the chronic phase (Kim et al., 2000; Rautenschlein et al.,
2002). Those responses seem to be primarily influenced by the animal
breed and virulence of the strain (Tanimura and Sharma, 1997; Aricibasi
et al., 2010; Tippenhauer et al., 2013; Trapp and Rautenschlein, 2022),
followed by the dose of the infection, the time of the infection, and other
factors. While the majority of the studies have focused on the bursa of
Fabricius, due to its primary role in IBDV infection, fewer have exam-
ined the kinetics of T-cells in the other immune organs, such as the
spleen, thymus, and peripheral blood mononuclear cells (PBMCs)
(Vervelde and Davison, 1997; Shah et al., 2021). Due to the complexity
of the immune response in IBDV pathogenesis, a comprehensive review
of the dynamic changes in T-cell subsets in the major immune tissues
would be useful to unravel the role of the cell-mediated immune
response to IBDV.

1.2. Objectives

The purpose of this systematic review is to summarise comprehen-
sively and systematically the existing literature on the dynamic changes
in T lymphocytes during the pathogenesis of IBDV infection. Notably,
considering the widespread use of flow cytometry as a technique for
lymphocyte analysis, the articles selected for this review specifically
focus on studies utilizing flow cytometry. To the best of our knowledge,
this is the first systematic review that has focused on exploring the ki-
netics and functional alterations in T lymphocytes during IBDV infec-
tion, as assessed by flow cytometry.

2. Materials and methods

We conducted a systematic review to summarise the alterations in T-
cell subsets induced by IBDV infection in commercial poultry, as
assessed by flow cytometry. Our work followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA-P) guidelines
and the PRISMA 2020 Statement and checklist (Supplementary Material
1) (Moher et al., 2015; Page et al., 2021).

2.1. Information sources and search strategy

Four databases were accessed from July 16, 2022 to February 20,
2023, namely PubMed (https://pubmed.ncbi.nlm.nih.gov/), Scopus
(https://www.scopus.com/search/form.uri?display=basic#basic), CAB
Direct (https://www.cabidigitallibrary.org/product/ca), and Web of
Science (https://www.webofscience.com/wos/woscc/basic-search).
The reference lists of eligible studies were also screened to find other
relevant contributions (Higgins et al., 2023). The search strategy used
for each database is reported in Table 1. The Boolean operators ‘OR’ and
‘AND’ were used for the electronic databases, and MeSH terms related to
IBDV were used in PubMed. The eligible studies were merged and
managed in a Microsoft Excel 2021 spreadsheet (Version 16.49).

2.2. Selection process and outcome measurements

Two reviewers (S.P. and G.G.) independently conducted the litera-
ture searches and the screening process. Eligible studies were selected by
applying pre-established inclusion criteria, including language (English)
and accessibility (full-text availability), to the title and abstract of each
work. The predetermined Population, Intervention, Comparator, and
Outcomes (PICO) criteria, as listed in Table 2, were used to establish the
eligibility criteria for papers to be included in this review (Page et al.,
2021). Original research published since 1979 has been included.
Experimental infection studies and vaccine-efficacy trials were both
considered eligible. For experimental infection studies, differences in
immunological parameters between inoculated and mock-inoculated
birds were considered. In vaccine-efficacy studies, only immunological
parameters of the unvaccinated-challenged group compared with the
parameters of the mock-inoculated group were considered. Following
the removal of duplicate papers, the reasons for the exclusion of any
other studies were recorded in the above-mentioned Excel spreadsheet.
In cases of disagreements, a third author with experience in the avian
diseases (E.C.) was consulted. The outcome measurements for assessing

Table 1
Search lines used for the computerized literature research and number of studies
retrieved from each database (PubMed, Scopus, CAB Direct, Web of Science)
before duplicate removal.

Database Search line No. of studies
retrieved

CAB Direct (((title:(’infectious bursal disease’) OR ab:
(’infectious bursal disease’) OR title:(ibdv) OR ab:
(ibdv) OR title:(’Gumboro disease’) OR ab:
(’Gumboro disease’) OR title:(’birnaviridae
infections’) OR ab:(’birnaviridae infections’))
AND (title:(’t lymphocytes) OR ab:(’t
lymphocytes) OR title:(’T-cell’) OR ab:(’T-cell’)))

159

PubMed ("infectious bursal disease*"[Title/Abstract] OR
"ibdv*"[Title/Abstract] OR "gumboro
disease*"[Title/Abstract] OR "infectious bursal
disease virus/immunology"[MeSH Terms] OR
"infectious bursal disease virus/
pathogenicity"[MeSH Terms] OR "birnaviridae
infections/veterinary"[MeSH Terms]) AND ("t
lymphocytes/immunology"[MeSH Terms] OR "T-
cell*"[Title/Abstract])

108

Scopus TITLE-ABS ("infectious bursal disease") OR TITLE-
ABS (ibdv) OR TITLE-ABS ("Gumboro disease") OR
TITLE-ABS ("birnaviridae infections") AND (TITLE-
ABS ("T-cell") OR TITLE-ABS ("t lymphocytes"))

96

Web of
Science

(TI=("infectious bursal disease") OR AB=
("infectious bursal disease") OR TI=("Gumboro
disease") OR AB=("Gumboro disease") OR TI=
(ibdv) AND AB=(ibdv) OR TI=("birnaviridae
infections") OR AB=("birnaviridae infections"))
AND (TI=(T-cell) OR AB=(T-cell) OR TI=(t
lymphocytes) OR AB=(t lymphocytes))

125

Total ​ 488

Table 2
Inclusion criteria based on Population, Intervention, Comparator, and Outcomes
(PICO) criteria framework for study selection.

Population Chickens in a susceptible stage of their life cycle for Infectious Bursal
Disease Virus (IBDV) infection, including both layer line (laying
hens) and meat line (broilers).

Intervention Experimental infection with an IBDV strain or vaccination with a
live IBDV vaccine.

Comparator Chickens not exposed to IBDV experimental infection.
Outcomes Total T-cell population CD3+ and subsets such as CD4+, CD8+, and

CD4+CD8+, measured by flow cytometry in the major tissues
involved in IBDV pathogenesis, including the Bursa of Fabricius,
spleen, thymus, and blood (peripheral blood mononuclear cells,
PBMCs).
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the dynamic changes in T-cells in IBDV pathogenesis included the count,
percentage, or ratio of T-cell populations (CD3+, CD4+, CD8+, and
CD4+CD8+) measured by flow cytometry. These immunological pa-
rameters were assessed for immune organs or tissues, including the
bursa of Fabricius, spleen, thymus, and PBMCs.

2.3. Data extraction and data summary

Data from each eligible study were extracted independently by two
reviewers (S.P. and G.G.), and the quality of the data was double-
checked by a third author (C.L.). The study characteristics included in
a data extraction sheet, were as follows: title, last name of the first
author, year of publication, production type (broiler type [BT], layer
type [LT], or dual-purpose type [DT]), breed or hybrid, host age, IBDV
inoculum (intermediate [iIBDV], classical virulent [cIBDV], or very
virulent [vvIBDV]), inoculum dose and route of infection, organ or tis-
sue examined (bursa of Fabricius, spleen thymus, or PBMCs), sampling
interval (days post infection [dpi]), and the T-cell markers. Due to the
between-study heterogeneity in the type of inoculum used, the un-
availability of numerical flow cytometry data, the different sampling
intervals, and diverse T-cell subsets reported, a qualitative synthesis of
the results was performed. In particular, the dynamic changes in the
CD3+, CD4+, CD8+, and CD4+CD8+ T-cell subsets are presented at
different dpi for the above-mentioned organs.

2.4. Quality assessment

Given the absence of a quality assessment tool specifically designated

for studies of this nature in animals, we adapted a tool (Shrotri et al.,
2021) and a quality level threshold (0%–39% = low, 40%–69% =

moderate, and 70%–100%= high) (Rahimzadeh and Naderi, 2021) that
had been used in a systematic review with a similar scope in humans
(Laban et al., 2022) for our critical appraisal (Table S1). The quality
assessment was conducted by one author (S.P.); it was reviewed by two
other authors (G.L. and C.L.).

3. Results

3.1. Search summary

We identified a total of 488 articles by searching PubMed, CAB
Direct, Scopus, and Web of Science. After removing duplicates (n =

279), we assessed 209 articles for eligibility based on the PICO criteria,
and removed an additional 181 articles. After full-text screening, other
seven articles were excluded as the full text was not available. Finally,
23 articles met the pre-established criteria, and we extracted data from
the full texts. In addition, we identified five articles by searching the
reference lists of the included articles. However, we excluded one of
these articles as it did not meet the ‘Intervention’ criteria (Lucero et al.,
2016). In conclusion, we included a total of 25 original articles on the
measurement of T-cells by flow cytometry during IBDV infection in the
qualitative synthesis of results (Fig. 1).

3.2. Study features

The 25 included articles were published between 1994 and 2021

Fig. 1. Flow diagram of the selection process of literature search results and selection process.
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Table 3
Characteristics of the studies included in the systematic review.

Reference Production
Type a

Breed or
hybrid (SPF) b

IBDV inoculum Organ or
tissue
sampled e

Sampling interval
(dpi)

Lymphocyte subsets
(marker)

Age c Strain Dose/bird (route of
infection) d

Aricibasi et al.
(2010)

LT White
Leghorn (SPF)

3 wk cIBDV 104 ELD50(e) BF;
S

2,3,5,7 CD4+;
CD8α+

LT White
Leghorn (SPF)

vvIBDV 103 ELD50 (e)

BT Ross type cIBDV 104 ELD50(e)

BT Ross type vvIBDV 103 ELD50(e)
Bashir et al., 2019 LT White

Leghorn (SPF)
4 wk intermediate plusf n.r. (o) PBMCs 21 CD4+(CD3+CD4+);

CD8+ (CD3+CD8+)
Carballeda et al.

(2011)
LT White

Leghorn (SPF)
3 wk iIBDVf 105 EID50 (i.m.) BF;

S
5 CD4+(CD3+CD4+);

CD8+
(CD3+CD8α+β+)

Carballeda et al.
(2014)

LT White
Leghorn (SPF)

3 wk iIBDV f 104 EID50 (o) BF 1,5,28 CD3+;
CD4+(CD3+CD4+);
CD8+
(CD3+CD8α+β+)

Chimeno Zoth
et al. (2016)

LT White
Leghorn (SPF)

4 wk iIBDV f 2.5 × 105 EID50 (o) BF 5 CD4+(CD3+CD4+);
CD8+ (CD8α+β+)

Farhanah et al.
(2018)

n.r. n.r. (SPF) 3 wk vvIBDV 103.8 EID50 (e-n) BF 0 (uninfected group
only), 1,3,5

CD4+(CD3+CD4+);
CD8+ (CD3+CD8+)

106.8 EID50 (e-n)

DT Malaysian
Red jungle
fowls

3 wk vvIBDV 103.8 EID50 (e-n)

106.8 EID50 (e-n)

He et al. (2016) BT Three-Yellow
Chickens

4 wk NN1172 field strain
(vvIBDV)

105 TCID50 (e) BF;
T

3,7 CD4+;
CD8+

4 wk NN1005 field strain
(vvIBDV)

4 wk GD10111 field strain
(iIBDV)

4 wk JS7 field strain
(vvIBDV)

Hudson et al.,
2002

BT (breeder) n.r. 5–6
wk

cIBDV 9 EID50(n) BF 3, 10 CD4+;
CD8+

36 EID50(n)

130 EID50 (n)
Jakka et al.

(2014)
LT White

Leghorn
2 wk iIBDV f ≥ 102 EID50 (e) PBMCs 0,7,14,21,28 CD4+;

CD8+
Intermediate plusf

Jaton et al.
(2022)

LT Negra INTA 4 wk cIBDV 103 ELD50 (o) BF 3,5,7,28 CD4+(CD3+CD4+);
CD8+ (CD3+CD8+)

LT White
Leghorn

Kim et al. (2000) n.r. n.r. (SPF) 3 wk cIBDV
or iIBDV

103 EID50 (e) BF 1,2,4,5,7,14,21 CD4+(CD3+CD4+);
CD8+ (CD3+CD8+)

Kundu et al.,
2017

BT n.r. 17
DOA

intermediate plusf n.r. (o) PBMCs 7,14,21,28 CD4+;
CD8+

Lucero et al.
(2021)

LT White
Leghorn (SPF)

7 wk cIBDV 102 EID50 (o) BF 7 CD3+;
CD4+(CD3+CD4+);
CD8+ (CD3+CD8+)

Ou et al. (2017) LT White
Leghorn (SPF)

4 wk cIBDV 105.24 EID50 (e-n) BF 1,3 CD3+

Rasoli et al.
(2015)

n.r. n.r. (SPF) 3 wk vvIBDV 104 EID50 (e-nα) BF;
S

0,2,4,5 CD4+(CD3+CD4+);
CD8+(CD3+CD8+)

Rautenschlein
et al. (2002)

n.r. n.r. (SPF) 20
DOA

iIBDV f 103 EID50 (e) BF 3,5,7,15 CD3+;

Rautenschlein
et al. (2007)

LT White
Leghorn:
(SPF)

12
DOA

cIBDV 103 ELD50(e) BF;
S

5 CD3+

4 wk
Rodenberg et al.

(1994)
LT White

Leghorn (SPF)
4 wk highly pathogenic

isolate (IM-IBDV)
103 ELD50 (e) PBMCs;

S
1,3,5,8,10,16,22,28, CD4+;

CD8+

highly pathogenic
isolate (IM-IBDV)

S 3,5,7,14

highly pathogenic
isolate (VA-IBDV)

Ruan et al. (2020) LT White
Leghorn (SPF)

3 wk attenuated strain
(HZ2)

7 × 107 TCID50(e-n) BF;
S

1,3,5,7 CD3+;
CD4+(CD3+CD4+);
CD8+(CD3+CD8+);
CD4+CD8+

(continued on next page)
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(Table 3). Most of the studies included LT chickens, such as White
Leghorn (WL; n= 15), New Hampshire (n= 1), and Negra INTA (NI; n=

1). Six articles included BT chickens, including Ross (n = 3), Cobb (n =

1), and Three-Yellow (n = 1). Two articles included DT chicken lines:
Farhanah et al. (2018) andWilliams and Davison (2005) used Malaysian
Red Jungle fowls and Rhode Island Red (RIR) chicks, respectively. Five
studies did not report the production type used (Kim et al., 2000; Rau-
tenschlein et al., 2002; Vaziry et al., 2013; Rasoli et al., 2015; Farhanah
et al., 2018). Four studies reported a comparative analysis of the im-
mune response induced by IBDV infection in different chicken breeds
(Aricibasi et al., 2010; Tippenhauer et al., 2013; Farhanah et al., 2018;
Jaton et al., 2022).

Chickens were subjected to IBDV experimental infection between 4
days and 6 weeks of age. The groups were inoculated most frequently at
3 weeks (8/25 studies), 4 weeks (8/25 studies), and 2 weeks (4 studies).
Individual chickens aged 4 days, 12 days, 17 days, 5–6 weeks, and 7
weeks (one study each) were the least frequent ages chosen for experi-
mental infection. One study compared the dynamic changes in T-cells
during IBDV infection at two different ages, namely 12 and 28 days
(Rautenschlein et al., 2007).

Among the 25 included studies, different wild-type strains of IBDV or
live vaccine strains were used to evaluate immunopathogenesis or vac-
cine efficacy. Eight studies reported T-cell data in response to IBDV live
vaccines, including intermediate and intermediate plus strains, and 17
articles reported T-cell data in response to IBDV wild-type infection.
Among the studies that used wild-type IBDV strains, different patho-
types were used (Table 3). In addition, four studies performed a
comparative analysis of strains with different virulence (Rodenberg
et al., 1994; Aricibasi et al., 2010; Jakka et al., 2014; He et al., 2016).
The viral inoculum doses used in the studies are detailed in Table 3.

The bursa of Fabricius was the most studied organ (n= 19), followed
by the spleen (n = 10), PBMCs (n = 5), and the thymus (n = 3). Ten

studies examined more than one organ; in particular, six studies
included the bursa of Fabricius and the spleen (Rautenschlein et al.,
2007; Aricibasi et al., 2010; Carballeda et al., 2011; Tippenhauer et al.,
2013; Rasoli et al., 2015; Ruan et al., 2020); two articles examined the
bursa of Fabricius, the spleen, and the thymus (Williams and Davison,
2005; Vaziry et al., 2013); one study examined the bursa of Fabricius
and the thymus (He et al., 2016); and one study examined the spleen and
PBMCs (Rodenberg et al., 1994).

The majority of the included studies (n = 24) collected samples
during the acute phase of infection, which is considered to be up to 10
dpi (Sharma et al., 2000). Less than half of the studies (n = 10) also
conducted samplings in a later phase of the infection, from 14 to 28 dpi.

The included studies investigated diverse T-cell subsets by using flow
cytometry. Eight studies evaluated CD3+ T-cells, 22 studies reported
CD4+ subset, of which 11 out of 22 marked CD4+, 10 out 22 marked
CD3+CD4+, and 1 out of 22 CD4+, while the CD8+ subset was measured
in 21 out of 25 articles, of which 11 out of 21 marked CD8+, 9 out of 21
marked CD3+CD8+, and 1 out of 21 marked CD4− CD8+. Notably, only 6
out of 21 articles specified the antiCD8 antibody utilized (α and/or β).
Double-positive CD4+CD8+ lymphocytes were also a focus of investi-
gation in 2 out of 25 articles (Vaziry et al., 2013; Ruan et al., 2020).
Notably, two studies investigated γδ T-cells (Williams and Davison,
2005; Vaziry et al., 2013). More detailed characteristics of the flow
cytometry methods are outlined in Table S1.

3.3. Quality assessment of the individual studies

Based on our adapted appraisal tool and threshold definitions of the
study quality, 24 of the 25 studies were of high quality; the other study
was of medium quality. Most of the studies provided adequate infor-
mation on the rationale, aims, and study design. However, there was
frequently a lack of an accurate declaration of the flow cytometry

Table 3 (continued )

Reference Production
Type a

Breed or
hybrid (SPF) b

IBDV inoculum Organ or
tissue
sampled e

Sampling interval
(dpi)

Lymphocyte subsets
(marker)

Age c Strain Dose/bird (route of
infection) d

Tan et al., 2015 BT Ross 308 2 wk iIBDV f 5 × 104 EID50 PBMCs 2,4,6 CD3+;
CD4+;
CD8+

Tippenhauer
et al. (2013)

LT White
Leghorn (SPF)

3 wk vvIBDV 103 ELD50 (e) BF;
S

2,3,5 CD4+;
CD8α+

LT White
Leghorn

LT New
Hampshire

BT Ross type

BT Cobb type
Toro et al., 2009 LT White

Leghorn (SPF)
4
DOA

variant strain AL2 1 to 106 CID50 (o) S 3,5,8 CD4+;
CD8α+

Vaziry et al.
(2013)

n.r. n.r. (SPF) 2 wk iIBDV 5 × 102 TCID50

(intraperitoneal)
BF;
S;
T

4,7,14 CD4+(CD4+CD8− );
CD8+(CD4− CD8+);
CD4+CD8+;
CD3+TCRγδ+

Williams and
Davison (2005)

DT Rhode Island
Red

2 wk vvIBDV 20 EID50 (n) BF;
S;
T

1,2,3,4,5,6,7,10,14 CD3+;
CD4+;
CD8+

TCRγδ+
Yu et al., 2015 LT White

Leghorn (SPF)
4 wk moderately virulent

strain (Ts, cell-
adapted virus strain)

2 × 104.7 TCID50 (e-
n)

BF 1,2,3,4,5 CD4+

a LT: layer-type; BT: broiler-type; DT: dual-type; n.r.: not reported.
b SPF: Specific Pathogen Free.
c wk: weeks; DOA: days of age.
d i.m.: intramuscular; o: oral; e: eye drop; n: nose drop; e-n: eye-nose drop; n.r: not reported.
e BF: bursa of Fabricious; S: spleen; T: thymus.
f vaccine strain.
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analysis procedure (22/25 articles), along with missing detailed infor-
mation about sample size calculation and the limitations of the studies
(Table S2). Due to the limited flow cytometry methods found in the
papers included in the review, the authors have provided specific sug-
gestions on how a robust flow cytometry experiment should be set up,
included in the Supplementary Material 2.

3.4. Dynamic alterations of T-cells after IBDV infection

Results are presented as reported by the original authors. Specific
details regarding the marker used to identify T-cells and their subsets are
exposed in Table 3.

3.4.1. T-cell populations in the bursa of Fabricius
Detailed results about the dynamic alterations of T-cells after IBDV

infection in the bursa of Fabricius are provided in Tables S3, S4, S5, and
S6.

3.4.1.1. Total T-cell population (CD3+). There was a general increase in
the CD3+ T-cell population, predominantly during the acute phase of the
IBDV infection (0–10 dpi) in all of the studies that focused on CD3+ T-
cells in the bursa of Fabricius (n = 7). These studies involved strains of
varying virulence (iIBDV, cIBDV, and vvIBDV), primarily using SPF
birds (Rautenschlein et al., 2002, 2007; Carballeda et al., 2014; Ou et al.,
2017; Ruan et al., 2020; Lucero et al., 2021). Only one study involved DT
RIR birds (Williams and Davison, 2005). Three studies also investigated
the chronic phase, finding persistently high levels at 14 dpi (Williams
and Davison, 2005) and 15 dpi (Rautenschlein et al., 2002) and a return
to basal levels at 28 dpi (Carballeda et al., 2014).

3.4.1.2. CD4+ T-cell subpopulation. The CD4+ T-cell subpopulation in
the bursa of Fabricius generally exhibited an increase, primarily in the
early phase of infection, with 16 of 17 articles reporting increased
values, while one study indicated a decrease (Vaziry et al., 2013). The
increase in CD4+ T-cell subpopulations during the early phase was
consistently reported across studies on SPF birds assessing different
strains of IBDV (Kim et al., 2000; Carballeda et al., 2011, 2014; Rasoli
et al., 2015; Yu et al., 2015; Chimeno Zoth et al., 2016; Ruan et al., 2020;
Lucero et al., 2021). Notably, Kim et al. (2000) found higher levels than
the control groups even at 21 dpi.

Three studies conducted on different bird types also reported in-
creases in CD4+ T-cells: Williams and Davison (2005) used DT RIR birds
infected with a vvIBDV strain and observed an increase in the early
phase of infection followed by a decrease from 7 to 14 dpi, although the
levels remained higher than in the uninfected bursa of Fabricius. He
et al. (2016) studied the effect of four IBDVwild-type isolates on Chinese
meat-type Three-Yellow chickens and noted a transient decrease in
CD4+ T-cells at 3 dpi in all infected groups, especially after infection
with the most virulent strain (NN172), followed by a significant increase
at 7 dpi, with the NN172 isolate showing the strongest increase. Notably,
one study performed on broiler breeders found no significant changes in
CD4+ T-cell percentages at 3 dpi, with an increase at 10 dpi only in birds
inoculated with the maximum dose used (130 EID50) of a cIBDV strain
(Hudson et al., 2002).

There were also studies comparing different bird types. Farhanah
et al. (2018) observed a significant increase at 3 and 5 dpi, with the peak
at 5 dpi being more pronounced in SPF birds compared with Malaysian
red jungle fowls when infected with a vvIBDV strain. Jaton et al. (2022)
compared two LT lines (Argentinian and WL) using a cIBDV strain. They
reported an increase in CD4+ T-cells with a peak at 5 dpi, which
remained significant until 28 dpi in the WL group. In contrast, the NI
group showed no significant variation at 28 dpi. Aricibasi et al. (2010)
found a rise between 3 and 5 dpi in both cIBDV- and vvIBDV-infected BT
or LT birds, with BT birds showing a major increase. Tippenhauer et al.
(2013) reported an increase in CD4+ T-cells when testing a vvIBDV

strain, higher in Cobb birds at 3 dpi compared with WL and Ross birds.
Contrary to all the above studies, Vaziry et al. (2013) reported, from

4 to 14 dpi, lower CD4+ levels in infected birds compared with the
virus-free groups. They used an iIBDV strain in SPF birds.

3.4.1.3. CD8+ T-cell subpopulation. The CD8+ T-cell subpopulation in
the bursa of Fabricius exhibited an increase in 13 of 16 articles, mostly
during the acute phase of IBDV infection. Only one study reported a
decrease, and two studies reported that this subpopulation remained
unaffected.

Similarly to CD4+ T-cells, various studies performed on SPF birds
using strains with differing virulence also showed an increase in the
early phase of infection (Kim et al., 2000; Carballeda et al., 2011, 2014;
Vaziry et al., 2013; Rasoli et al., 2015; Chimeno Zoth et al., 2016; Lucero
et al., 2021). Vaziry et al. (2013) and Kim et al. (2000) reported high
levels of CD8+ T-cells even at 14 and 21 dpi, respectively.

There were increased CD8+ T-cells in studies that used other types of
birds. Williams and Davison (2005) found that CD8+ T-cells increased
from 3 dpi and remained high until 14 dpi in RIR birds infected with a
vvIBDV strain. He et al. (2016) found similar trends in CD8+ T-cells of
Three-Yellow chickens as observed with CD4+ T-cells, noting a transient
decrease at 3 dpi followed by an increase at 7 dpi, with the NN172
isolate showing major infiltration.

In the studies that compared different bird types, Farhanah et al.
(2018) observed a significant increase in CD8+ T-cells in the early phase
in both SPF birds and Malaysian red jungle fowls, similarly to the
findings for the CD4+ subpopulation, with the increase being more
pronounced in the Malaysian red jungle fowls. In the study by Jaton
et al. (2022), the alteration in CD8+ T-cells were the same as the alter-
ations in CD4+ T-cells, with a peak at 5 dpi in both NI and WL birds,
maintaining high levels until 28 dpi only in the WL group. Interestingly,
the NI control group showed a lower proportion of CD8+ T-cells
compared with the WL control group. Additionally, Aricibasi et al.
(2010) found a similar response in CD8+ T-cells as that of CD4+ T-cells,
with a rise in CD8+ T-cells in the acute phase of infection in infected BT
and LT birds, with BT birds showing a major increase. Tippenhauer et al.
(2013) observed an increase in CD8+ T-cells in LT birds (SPF, WL, and
New Hampshire) and Ross birds at 2, 3, and 5 dpi, compared with the
virus-free control of the same genetic background. On the other hand,
the same study noted a decrease in CD8+ levels in the Cobb group at all
investigated time points, in contrast to the previously mentioned groups.
Lastly, Hudson et al. (2002) and Ruan et al. (2020) reported variability
in CD8+ T-cell levels, with no significant changes after IBDV infection
when using a cIBDV in broilers and an attenuated strain in SPF birds,
respectively.

3.4.1.4. Double-positive CD4+CD8+ T-cell subpopulation and γδ T-cells.
Two of 19 studies, both conducted on SPF birds, reported the double-
positive CD4+CD8+ T-cell subpopulation in the bursa of Fabricius.
Vaziry et al. (2013) observed a decrease at 14 dpi with an iIBDV, while
Ruan et al. (2020) reported an increase until 7 dpi with an attenuated
strain.

Notably, only Vaziry et al. (2013) investigated the γδ T-cells in the
bursa of Fabricius during IBDV infection, finding an increase in those
cells at 5 dpi.

3.4.2. T-cell population in the spleen
Detailed results about the dynamic alterations of T-cells after IBDV

infection in the spleen are provided in Tables S3, S4, S7, and S8.

3.4.2.1. Total T-cell population (CD3+). In the context of CD3+ T-cells,
only three of nine articles reported data on the spleen, showing distinct
trends. Specifically, Rautenschlein et al. (2007) reported an increase at 5
dpi with a cIBDV in 12- and 28-day-old SPF birds. On the other hand,
Williams and Davison (2005) reported fluctuations in the proportions of
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CD3+ T-cells from 1 to 14 dpi in RIR chickens infected with a vvIBDV.
Similarly, Ruan et al. (2020) reported no significant changes in SPF birds
infected with an attenuated strain.

3.4.2.2. CD4+ T-cell subpopulation. All nine articles that analysed T-cell
populations in the spleen reported data regarding CD4+ T-cells. Six
studies showed an increase in this subpopulation. Specifically, three
studies conducted on SPF birds documented increases during the acute
phase of infection: Ruan et al. (2020) reported a substantial increase at 1
dpi with an attenuated IBDV strain, with the levels returning to normal
by 3 dpi. Carballeda et al. (2011) noted an infiltration at 5 dpi with an
intermediate IBDV strain. Finally, Toro et al. (2009) observed an in-
crease at 8 dpi in birds that received higher virus concentrations of a
variant IBDV strain.

Two studies compared birds with different genetic backgrounds.
Tippenhauer et al. (2013) documented significant increases in CD4+

T-cell counts at 2 and 5 dpi after vvIBDV infection, with differences in
the magnitude and timing of accumulation between broilers and layers.
Similarly, Aricibasi et al. (2010) found that inoculation with a cIBDV or
vvIBDV led to significant increases at 5 dpi in the percentage of CD4+

T-cells in SPF chickens, but not in broilers. Williams and Davison (2005)
observed a transient increase in the CD4+ T-cell subpopulation at 4 and
7 dpi with a vvIBDV in RIR chickens.

On the other hand, two studies documented a decrease in CD4+ T-
cells in SPF birds. Rasoli et al. (2015) reported a decrease at 5 dpi with a
vvIBDV, and Vaziry et al. (2013) noted a decrease at 14 dpi with an
iIBDV strain. Both studies were performed in SPF birds.

An older study by Rodenberg et al. (1994) reported no significant
variation in CD4+ levels in SPF birds after vvIBDV infection at 1, 3, 5, 8,
10, 16, 22, and 28 dpi.

3.4.2.3. CD8+ T-cell subpopulation. All nine articles that investigated T-
cell populations in the spleen reported data about CD8+ T-cells. Four
studies documented an increase: Tippenhauer et al. (2013) observed
high CD8+ levels with variations in the magnitude and timing from 2 to
5 dpi with a vvIBDV between the tested broiler and layer groups. Ari-
cibasi et al. (2010) noted significant increases in CD8+ T-cells in
response to a cIBDV or vvIBDV infection in SPF birds at 3 and 5 dpi, but
not in broilers. Carballeda et al. (2011) and Vaziry et al. (2013) recorded
an increase in CD8+ T-cells in SPF birds after an iIBDV infection at 5 and
14 dpi, respectively.

In contrast, two studies documented a decrease in CD8+ T-cells
following a vvIBDV infection. Rasoli et al. (2015) reported a decrease at
5 dpi, while Williams and Davison (2005) observed a decrease at 4 and 7
dpi, followed by a rebound in CD8+ T-cells at 14 dpi in RIR chickens.

Lastly, three studies performed in SPF birds reported no substantial
changes in CD8+ T-cells when using different IBDV strains (Rodenberg
et al., 1994; Toro et al., 2009; Ruan et al., 2020).

3.4.2.4. Double-positive CD4+CD8+ T-cell subpopulation and γδ T-cells.
Ruan et al. (2020) reported no substantial changes in the double-positive
CD4+CD8+ T-cell subpopulation in the spleen until 7 dpi with an
attenuated IBDV strain. On the other hand, Vaziry et al. (2013) reported
a decrease from 4 to 14 dpi with an iIBDV strain.

In addition, Vaziry et al. (2013) and Williams and Davison (2005)
investigated the γδ T-cells in the spleen during IBDV infection, finding
no substantial changes.

3.4.3. Total T-cell population (CD3+), CD4+ and CD8+ T-cell
subpopulations and γδ T-cell in the thymus

Detailed results about the dynamic alterations of T-cells after IBDV
infection in the thymus are provided in Tables S4 and S5.

Only three studies analysed T-cell populations in the thymus during
IBDV infection. For the total T-cell population (CD3+), Williams and
Davison (2005) found fluctuations over the observation period in RIR

chickens infected with a vvIBDV strain: a decrease at 4 dpi, followed by a
rebound at 5 dpi and a further decline from 10 to 14 dpi.

Regarding the CD4+ T-cell subpopulation, Vaziry et al. (2013) re-
ported no significant changes in SPF birds infected with an iIBDV strain.
Williams and Davison (2005) observed a continuous decrease from 1 to
14 dpi in RIR chickens infected with a vvIBDV strain. He et al. (2016)
noted a transient increase at 3 dpi, followed by a decrease at 8 dpi in
Three-Yellow chickens inoculated with four different IBDV isolates.

The CD8+ T-cell subpopulation showed diverse responses: Vaziry
et al. (2013) reported a transient increase at 4 dpi, while Williams and
Davison (2005) found a consistent decrease from 1 to 14 dpi. He et al.
(2016) described a transient increase at 3 dpi with subsequent depletion
at 8 dpi. In their observations, the severity of the depletion was strain
dependent, with the NN1172 strain causing the most severe CD8+

depletion and the JS7 strain the least.
Additionally, Vaziry et al. (2013) was the only study to report on the

double-positive CD4+CD8+ T-cell subpopulation. The authors noted a
slight decrease at 4 and 14 dpi.

Interestingly, two studies investigated the γδ T-cells in the thymus
during IBDV infection, one found a decrease from 4 to 14 dpi (Vaziry
et al., 2013), while the other observed no significative changes from 1 to
14 dpi (Williams and Davison, 2005).

3.4.4. Total T-cell population (CD3+), CD4+ and CD8+ T-cell
subpopulations in PBMCs

Detailed results about the dynamic alterations of T-cells after IBDV
infection in PBMCs are provided in Tables S7 and S9.

Research on T-cell populations in PBMCs during IBDV infection has
shown varied responses across different studies.

The total T-cell population (CD3+) was examined in only one study
by Tan et al. (2015), who noted a decrease at 2 and 6 dpi in broilers
infected with an iIBDV strain.

For the CD4+ T-cell subpopulation, five studies reported fluctuating
levels: increases were noted by Bashir et al. (2019) at 21 dpi in SPF birds
infected with an intermediate plus vaccine strain and by Kundu et al.
(2017) at 7 and 28 dpi in broilers infected with two different interme-
diate plus vaccine strains. There were decreases at 14 and 21 dpi (Kundu
et al., 2017) and at 2 dpi (Tan et al., 2015). Jakka et al. (2014) observed
slight decreases from 0 to 28 dpi, and Rodenberg et al. (1994) found no
substantial changes throughout the same period.

Similarly, for the CD8+ T-cell subpopulation, increases were re-
ported by Bashir et al. (2019) at 21 dpi and by Kundu et al. (2017) at 7
dpi, with subsequent decreases up to 28 dpi, whereas Tan et al. (2015)
noted a substantial decline at 2 and 6 dpi. Jakka et al. (2014) reported a
slight increase over 0 to 28 dpi, especially with the intermediate plus
vaccine strain, and Rodenberg et al. (1994) saw no significant changes in
the period examined.

4. Discussion

Given the complexity of the immune response to IBDV infection, and
the crucial role played by T-cells, we aimed to summarise the outcomes
of existing literature on the topic. To our knowledge, this is the first
systematic review that has specifically addressed T-cell response in
different tissues during IBDV pathogenesis assessed through flow
cytometry. We included 25 studies in this systematic review.

4.1. Summary of the findings and implications

The majority of the studies we included evaluated T-cell changes in
the bursa of Fabricius. The findings highlighted a general increase
during the acute phase of the infection. The data, mostly from studies
involving SPF birds, demonstrated that T-cells infiltrate the bursa of
Fabricius, particularly peaking at 5 or 7 dpi, irrespective of the virulence
of the viral strain – whether intermediate, virulent, or very virulent. The
increase in T-cells in the bursa of Fabricius during the acute phase of
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infection has also been confirmed by studies that used immunohisto-
chemistry or immunofluorescence (Ciccone et al., 2017; Dobner et al.,
2020).

Studies have also highlighted breed susceptibility as a crucial factor
in IBDV pathogenesis, indicating that genetic differences among chicken
breeds can markedly influence their immune response to the virus. In
this systematic review, two studies highlighted that the CD8+ T-cell
response appears to be more pronounced in BT than LT birds, contrib-
uting to the lower susceptibility of BT birds to the disease by promoting
viral clearance (Aricibasi et al., 2010; Tippenhauer et al., 2013). We
found only two other studies comparing different genetic backgrounds:
one comparing WL and Argentinian birds (Jaton et al., 2022), and the
other compared SPF birds with Malaysian Red jungle fowls (Jaton et al.,
2022), both reporting T-cell infiltration during the early phase of
infection.

Even though most studies reported an increase in T-cells in the bursa
of Fabricius after IBDV infection, there were variations in the findings of
some studies (Hudson et al., 2002; Tippenhauer et al., 2013; Vaziry
et al., 2013; Ruan et al., 2020). Vaziry et al. (2013) observed a reduction
in CD4+ T-cells during the examined period, which also covered the
recovery phase (4–14 dpi). He et al. (2016) documented a transient
decrease in both CD4+ and CD8+ T-cells at 3 dpi. Tippenhauer et al.
(2013) found different kinetics for CD8+ T-cells in two different genetic
broiler lines (Cobb and Ross): there were no substantial changes in the
Cobb birds, but the Ross birds showed a marked increase. Hudson et al.
(2002) found no significant changes in T-cell counts at 3 dpi, followed by
an increase at 10 dpi in CD4+ T-cells, while CD8+ T-cells remained
unchanged.

However, interpreting results can be challenging when the flow
cytometry methodologies employed in the studies are not standardized.
This is particularly evident in cell labelling. As shown in Table 3, to
identify T-cells, the included studies utilized different methods; some
labelled CD3+CD4+ and CD3+CD8+, while others labelled only CD4+

and CD8+. It is noteworthy that the role of NK cells in IBDV infection
cannot be excluded, especially from day 1–5, in which they play a
critical role in the primary defence against viruses (Yokoyama, W.M.,
2003). These cells do not express the CD3 surface marker, but express
surface CD8αα homodimers (Göbel et al., 1994) and include CD3− CD4+

T-cell subsets in peripheral blood (Neulen et al., 2015). Therefore, the
absence of CD3 labelling could lead to the inadvertent classification of
NK cells as CD8+ T-cells or CD4+ T-cells in PBMC samples.

Additionally, not labelling with CD3+ does not consider total T-cells,
such as for the γδ T-cells (Pieper et al., 2008). This systematic review
found that only two studies specifically investigated these cells. It would
be interesting to specifically target γδ T-cells to understand their role in
IBDV infection, as it has been observed that their frequencies in chickens
reach up to 50% in peripheral lymphoid cells (Sowder et al., 1988). A
recent study already demonstrated their protective role during Marek’s
disease (Matsuyama-Kato et al., 2023). Notably, 10 of the 25 included
articles lacked CD3 labelling.

Furthermore, the gating strategy significantly influences the
outcome, as there is a difference between considering a population
expressed as a percentage of positive cells in the gate versus percentages
of positive cells in the whole population. In this systematic review, we
found that almost none of the article specified the gating strategy that
was used. Additionally, concerning CD8+ T-cells, only a few articles
referred to the specific phenotype: CD8αβ+ or CD8αα+ or both. More-
over, only two articles studied the CD4+CD8+ T-cell population, which
has been observed to represent a significant portion in chickens
(Luhtala’ et al., 1997).

Other variables that could be considered include the breed used,
including chicken types not commonly used in IBDV experimental trials
(He et al., 2016). Furthermore, the inoculation route could be another
variable, such as in the case of Vaziry et al. (2013), the only study that
used intraperitoneal inoculation.

Overall, almost all of the included studies reported T-cell infiltration

of the bursa of Fabricius in the acute phase, and its role in viral clearance
is recognized by almost all the studies. This evidence is further sup-
ported by the study performed by Kim et al. (2000). After IBDV infec-
tion, the authors noted a higher viral load in birds with compromised
T-cells compared with T-cell–intact birds. However, inconsistencies in
findings across studies due to variations in methodologies, such as cell
labelling and gating strategies, underscore the necessity for standardised
research approaches.

The chronic phase of infection remains less well characterised than
the acute phase due to the limited number of studies available. Five of
the 19 included studies reported that high levels of T-cells persisted in
the bursa at least until 14 dpi (Kim et al., 2000; Rautenschlein et al.,
2002; Williams and Davison, 2005; Carballeda et al., 2014) or 28 dpi
(Jaton et al., 2022), suggesting that T-cells play a role during this phase.
Activated T-helper 1 (Th1) cell–producing cytokines such as interferon
gamma (IFN-γ) sustain viral clearance by inducing an effector action
(Kim et al., 2000). It is likely that the T-cell influx observed during the
chronic phase is related to and driven by viral antigen persistence (Kim
et al., 2010). Moreover, the cytokine storm induced by T-cells has been
reported to exacerbate bursal lesions and to delay recovery (Kim et al.,
2000; Rautenschlein et al., 2002). It is worth noting that more recent
reports have focused on evaluating the functions of T-cell sub-
populations, and this endeavour has added crucial details to clarify the
immune response to IBDV. These studies have considered T regulatory
(Treg) cells because T-cells inhibit the mitogenic response of splenocytes
(Kim and Sharma, 2000; Sharma et al., 2000); they could thus be
involved in the recovery phase of infection, by playing an immuno-
modulatory role. Unlike mammals, the specific target for avian Treg
population is unclear, but chickens do have CD4+CD25+ T-cells that
express transforming growth factor beta (TGF-β) and exhibit immuno-
modulatory characteristics (Gurung et al., 2017). Nazki et al. (2023)
found that these cells are implicated in delayed viral clearance, as sug-
gested by Dobner et al. (2020) particularly in layers, but not in disease
severity or immunosuppression because their presence in the bursa of
Fabricius was not correlated with the virulence or immunosuppressive
potential of the strain. Thus, a better understanding of the role of T-cell
subsets during IBDV infection and the development of methods to spe-
cifically identify them are necessary. This knowledge will enhance our
comprehension of the immunopathogenesis of IBDV and lead to more
efficient preventive strategies.

There were a limited number of studies that examined other immune
organs. We identified nine studies that evaluated the spleen. In six of
these studies, there was an increase in CD4+ T-cells in the acute phase of
infection, as early as 1 dpi (Ruan et al., 2020). This finding strengthens
the role of the spleen in the adaptive immune response through the
activation of Th cells, following antigen recognition by
antigen-presenting cells (APCs), such as dendritic cells or macrophages.
Interestingly, the CD8+ T-cell response in the spleen appears to be more
variable than the response in the bursa of Fabricius, probably because
the primary cytotoxic response is directed towards the bursa of Fabricius
where the virus mainly replicates.

We identified just three articles that focused on the T-cell response in
the thymus, suggesting a limited focus on the subject in the existing
literature. The thymus is primarily responsible for T-lymphocyte matu-
ration and can be severely impacted by IBDV, resulting in haemorrhage
followed by follicular necrosis (He et al., 2016; Zhang et al., 2024) and a
reduction in T-cells counts during the early phase of infection (Williams
and Davison, 2005; He et al., 2016). In this sense, IBDV infection appears
to interfere with the T lymphocyte–mediated adaptive immune
response.

Finally, the decrease in T-cells reported for PBMCs could be inter-
preted as an efflux of these cells from the blood and into the infected
tissues, as sustained by a study performed by Nazki et al. (2023), but this
issue requires further investigation. Acquiring insights into T-cell dy-
namics in PBMCs during IBDV infection will clarify whether these cells
migrate from other organs to the infected sites or undergo local
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expansion within the infected tissues, as hypothesised by another study
included in this review, which noted a significant increase in CD4+ and
CD8+ levels in the bursa of Fabricius along with a decrease in those cells
in the spleen (Rasoli et al., 2015). Additional studies investigating
multiple organs are needed to comprehensively understand these
dynamics.

4.2. Strengths and limitations

Although we used an evidence-based systematic review approach to
synthesise the literature related to T-cell immune response after IBDV
infection, our study has some limitations.

We selected only the articles that used flow cytometry to analyse T-
cells, as it is a well-established and widely adopted technique. Flow
cytometry allows for rapid and efficient analysis of large cell pop-
ulations, providing robust statistical power in both animal and human
studies. However, during the initial screening, we encountered studies
utilizing other techniques, such as histology, immunohistochemistry
and immunofluorescence, which were excluded. These methods, while
valuable in specific contexts, do not offer the same rapid data acquisition
from a large cell population, which ultimately reduces their statistical
power. Furthermore, more advanced techniques like single-cell
sequencing (scSeq) are emerging as powerful tools for analysing sor-
ted cell populations. Nevertheless, scSeq requires an initial sorting step
with a cytometer or cell sorter, making it less accessible for many lab-
oratories, and the physical selection of cells in scSeq complicates the
comparison of numerical data across different studies, further justifying
our focus on flow cytometry for this review.

Concerning data obtained from flow cytometry, flow methods where
rarely well described throughout the paper analysed, thus preventing
clear conclusion about the results obtained. Specifically, We noted
variations in the reporting format of the T-cell outputs (such as the mean
or fold change). The authors reported positive cell percentages and not
absolute numbers. Of note, the percentages are directly dependent upon
the gating strategy, but the authors very rarely provided explicit details
regarding the gating strategy. Furthermore, the authors did not always
indicate whether they excluded doublets and clumped cells, and they did
not consistently clarify the technique used to estimate viability and the
type of labelling (multicolour versus monocolour). Another factor to
consider is diversity in the use of antibody clones. Antibody clones are
crucial in all immunoassays, not only in flow cytometry because they
provide specificity, reproducibility, and consistency required for accu-
rate, and interpretable results (Härtle et al., 2024). Thus, using a defined
antibody clone is critical for generating reproducible data across ex-
periments and labs. Moreover, it is often unclear whether the reported
percentages represent the percentages of positive cells within gated
populations or the percentages of positive cells within the entire popu-
lation. Additionally, it is difficult to compare the data among the studies
due to variations in sampling time points, as well as differences in the
types of chickens, strains, and infection dose. This scenario introduced
considerable methodological heterogeneity, which constituted a signif-
icant barrier to the quantitative synthesis of the provided evidence.
Specific input based on what the authors believe a solid flow experiment
should be set up are previously exposed. Furthermore, there were
limited data for the thymus and PBMCs, thus limiting a better under-
standing of the T-cell response in these tissues. Lastly, with the
advancement of knowledge, we now understand that some of the older
data, while valid at the time of publication, may no longer be considered
accurate today.

5. Conclusion

Given the complexity and variability observed across the studies, a
comprehensive understanding of the immune response to IBDV, partic-
ularly the role of T-cells, remains an open area for further investigation.
Future studies should aim to elucidate the roles of less-explored T-cell

populations in IBDV pathogenesis, such as γδ T-cells, and to provide
detailed profiles of CD4+ T-cells, including Tregs and double-positive
CD4+CD8+ T-cells. Addressing the gaps in our knowledge regarding
the chronic phase of infection and the specific roles of T-cell sub-
populations also requires further investigation. Additionally, new and
standardised methodologies for immune cell identification and quanti-
fication will facilitate the comparison of results across studies, leading to
clearer conclusion about IBDV pathogenesis. Furthermore, a deeper
understanding of the molecular mechanisms that determine IBDV-
induced immunosuppression will also help to develop more effective
preventive and control strategies.
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