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1. Introduction

The bursal secretory dendritic cell (BSDC) was first discovered and described in 1977 by
my supervisor, Professor Imre Olah. He is an internationally recognised researcher of the
avian bursa. His detailed histological and ultrastructural studies led to the identification of
the BSDCs as a specialised cell population within the bursa. Through my second thesis
supervisor, Dr Attila Magyar, who taught me histology, embryology and the structure of the
cell at the University of Veterinary Medicine, I had the opportunity to join the research group
of Professor Imre Oléh. I worked with them in the laboratory at Semmelweis University for
a year to learn light and electron microscopy techniques and to gain insights into the bursal
secretory dendritic cell. My aim is to share these findings and provide an overview of the
morphology, development and function of BSDCs. Furthermore, this cell could play an
important role in the pathogenesis of Gumboro disease (also known as infectious bursal
disease (IBD)). Gumboro disease virus or IBDV infects unvaccinated poultry flocks. It most
severely affects chicks aged 3 to 6 weeks. The disease is characterised by an acute onset,
accompanied by inflammation of the bursa of Fabricius, resulting in immunosuppression
and high mortality. Therefore, Gumboro disease has a major economic impact. According to
the currently accepted knowledge on the pathogenesis of Gumboro disease, the developing
B cells in the medulla of the bursa are the main target of the Gumboro virus. The scientific
results from the lab of Professor Imre Ol4h could complete our knowledge about the events
in the bursa during the IBDV infection. According to his published papers, the BSDC, which
establish the medullary microenvironment for the developing B lymphocytes, can also get
infected and then forced to emigrate out of the medulla or destructed by the IBDV. Loss of
BSDC:s leads to depletion of extracellular matrix (glycoproteins) for the developing B-cells
in the medulla, making them prone for apoptosis. These findings shed new light on the

pathogenesis of IBD infection.



2. Literature review

2.1 Infectious bursal disease

2.1.1 The causative agent of IBD and its economic impact

Infectious bursal disease (IBD) is an acute disease in 3-6-week-old chickens, characterised
by inflammation of the bursa of Fabricius and resulting in B-lymphocyte depletion,
immunosuppression and high mortality. The disease is highly contagious and has a major
economic impact on the global poultry industry, increasing the susceptibility of chickens to

secondary diseases and reducing the effectiveness of vaccination [1] [2].

The disease was initially identified in 1962 near the town of Gumboro, Delaware, in the

USA. Infectious bursal disease, also known as Gumboro-disease, occurs worldwide [1] [2].

The causative agent is the infectious bursal disease virus (IBDV) belonging to the
Avibirnavirus genus (Birnaviridae family). The virion is non-enveloped and contains a viral
capsid consisting of 32 capsomers with icosahedral symmetry. The diameter of the virion is
about 60 nm. The genome of IBDV has two segments of double-stranded RNA: the larger
segment A and segment B. The open reading frame (ORF) of the segment A encodes for a
polyprotein that is subsequently cleaved into several viral proteins such as VP2, VP3 and
VP4. VP2 is the major capsid protein responsible for virus attachment to host cells and
inducing neutralizing antibodies. Segment A also encodes a small ORF for VPS5, which is a
non-structural protein. Segment B encodes VP1. VP1-VP4 are the four structural proteins of

IBDV which play a role in replication and maturation of the virus [1] [2] [3].

IBDV has two known serotypes, designated as serotype 1 and serotype 2. Serotype 1 has
been reported to cause pathogenic effects specifically in chickens. Serotype 2 is isolated
from turkeys and non-pathogenic in chicken. The hosts are mainly chicken but other avian
species such as turkey, duck, guinea fowl or ostrich can also be infected [1] [2]. Serotype 1
comprises three antigenic subgroups with varying levels of virulence: classic or standard
viruses, variant viruses and very virulent viruses [1]. The breed of chicken influences the
severity of the disease. Laying hens are more susceptible than broilers. Variant viruses do
not cause mortality, while classic viruses lead to 10-50% mortality, and very virulent viruses

result in 50-100% mortality in young, antibody-free white leghorn chickens [2] [3].



In contrast, broilers generally survive infection and show resistance to the lethal effects seen
in other breeds but suffer from immunosuppression as a result of the infection. This
immunosuppression can have significant implications for the overall health and productivity
of broiler flocks [2]. Chickens raised on these farms often exhibit suboptimal performance.
They typically struggle to gain weight efficiently, resulting in lower-than-expected body
mass. Their ability to convert feed into body weight is compromised, leading to poor feed
conversion ratios. Additionally, these birds tend to react excessively to respiratory vaccines.
When it comes to processing, a higher-than-normal percentage of these chickens are deemed

unfit for consumption, resulting in elevated condemnation rates at the processing facilities
[2].

IBDV is primarily transmitted by the faecal-oral route. Infected chickens shed the virus in
their faeces for up to 14 days, contaminating feed, water and litter and allowing other

chickens in the house to ingest the highly contagious virus and become infected [2] [3].

The disease is the most severe when it enters a flock that is free from IBD. If IBDV is already
enzootic in the flock, or a vaccination program is in place, the disease will be less severe,
and its spread will be slower [2]. Chicks between 3 and 6 weeks of age are most affected
when the target organ, the cloacal bursa, is most developed with a high population of
maturing IgM-bearing B-lymphocytes [1] [2]. Chicks under 3 weeks of age usually have
subclinical infections due to limited numbers of pre-B lymphocytes or the presence of
protective maternal antibodies [1] [3]. Birds over 6 weeks of age, with fewer susceptible
cells, are less likely to experience clinical symptoms, even though they produce antibodies

against the virus [3].

The infectious bursal disease virus is highly resistant in the environment, so there is a high
risk of the virus being transmitted mechanically between stables and farms by people,

equipment and vehicles [2] [3].

2.1.2 Pathogenesis of infectious bursal disease

The virions of the IBD (60-70 nm) are taken up through the oral, nasal or conjunctival
mucosa, from where they replicate and then enter the bloodstream to reach the bursa. The
virus also replicates in the macrophages of the intestine (such as the caecal tonsils), within

4-5 hours after infection [1] [3].



From these sites, in infection with very-virulent viruses (such as strain D407/2/04/TR), the
viruses reach the bursa 10-12 hours after infection [1] [3]. Initially, only a few follicles are
infected, and infected cells (using e.g. VP-specific antibody staining) are scattered

throughout the medulla [3].

It is generally accepted that the medullary B lymphocytes in the bursa are the most
susceptible to virus infection, but epithelial cells, granulocytes and macrophages are also
infected by the virus [1] [3]. The virus replicates in these cells, causing lysis (necrosis) or
apoptosis of the host cells [2] [3]. By day 4, infected follicles contain infected cells
throughout, and the medulla is depleted of lymphocytes and other cell types [3]. The massive
cell death in the follicle is accompanied by inflammation with oedema and accumulation of
inflammatory cells [3]. When the bird recovers from the infection, the bursa is almost devoid
of lymphoid cells [2] [3]. Interestingly, in very young chickens (“neonatal” chickens),
infection can be followed by regeneration: some follicles regenerate and continue B
lymphocyte development, others remain as a simple collection of lymphocytes without

follicular structure and B-cell development [4].

2.1.3 Clinical symptoms, pathology and therapy of IBD

Following a 2-3-day incubation period, infected chicks show several symptoms. These
include signs of distress, lethargy, disheveled feathers, loss of appetite, and diarrhea. The
birds may also show trembling and become dehydrated. During this acute phase, which
typically lasts 3-4 days, mortality rates are often high [2] [3]. Birds that survive this critical
period tend to recover quickly, with visible symptoms subsiding rapidly. However, the
impact of the infection can extend beyond the apparent recovery. Many survivors experience
prolonged immunosuppression, leaving them more vulnerable to secondary infections from

other viruses or bacteria [1] [2].

Infectious bursal disease causes significant pathological changes, particularly in the cloacal
bursa. In the early stages of infection, the bursa of Fabricius swells considerably. As the
disease progresses over 7-10 days, this swelling gives way to atrophy. The organ shows signs
of hyperaemia, oedema, haemorrhage and longitudinal striation. Lymphocytes are

extensively destroyed by both apoptosis and necrosis.
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This leads to the collapse of the lymphoid follicles of the cloacal bursa [2] [3]. Highly
virulent strains of the virus cause depletion of cell populations in the thymus, spleen and

bone marrow [1] [3].

As the infection progresses, birds often become dehydrated, leading to an accumulation of
urate in the kidneys and enlargement. In some cases, the disease can also cause haemorrhages

in the lining of the proventriculus and gizzard [2] [3].

Confirming an IBD diagnosis involves various laboratory techniques. Immunofluorescence
staining of bursal tissue, gel diffusion tests, electron microscopy, and virus isolation in
embryonated eggs or specific cell cultures are all effective methods. RT-PCR assays for viral
genome detection have become routine. Serological diagnosis relies on virus neutralization,

agar gel precipitation, and enzyme immunoassays [1] [3].

Currently, there are no effective therapeutic interventions or supportive treatments that can

alter the progression of an IBDV infection once it has been established [1] [2].

The IBDV has exceptional resistance to both physical and chemical agents. This resistance
allows it to survive in the environment for long periods, posing an ongoing threat of infection
to subsequent flocks of poultry [1] [2] [3]. Successfully managing IBD demands a multi-
faceted approach. This strategy integrates three key elements: immunization of breeding
stock, implementation of thorough biosecurity protocols, and vaccination of broiler
chickens. Particularly vital is the vaccination of breeder hens, as this enables the transfer of
protective maternal antibodies to their offspring through yolk antibodies (IgG) and helps to
prevent subclinical infection [1] [2] [3] Biosecurity is the most important factor limiting IBD
losses, involving ,.all in-all out farming methods, thorough cleaning and disinfection
between flocks, and strict control of farm traffic [1] [2]. Due to the virus’s environmental
stability and economic constraints in poultry production, there’s a heavy reliance on

vaccination to control IBD outbreaks [2] [3].

10



2.2 The fine structure of the bursa

The bursa of Fabricius is one of the primary lymphoid organs of birds. Its main function is
to produce mature B-lymphocytes from lymphoid stem cells. The bursa begins to develop
on the dorsal side of the cloacal ectoderm (proctodacum) on the 4,5-5" day of incubation.
The lymphoid stem cells migrate into the epithelium around day 11 of embryogenesis [5]
[6]. These lymphoid cells give rise to the medulla of later follicles, while the cortex appears
after hatching [5] [7]. The medulla contains developing B lymphocytes, while the cortex
contains mature B lymphocytes [7] [8]. The bursa reaches its maximum size 8-10 weeks of
age. At this time, the bursa contains approximately 20,000 follicles arranged in 12-15 bursal
mucosal folds [5] [6].

Figure 2: Bursa of Fabricius of young chicken, HE stained. The mucosal folds of the bursa
are filled with follicles. The muscle layer (tunica muscularis) is visible at the periphery.

Courtesy of Dr Attila Magyar.
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Figure 3: Part of a bursal fold containing several follicles. The lighter surface epithelium
above the follicle is the follicle-associated epithelium (FAE), the other epithelium is the
interfollicular epithelium (IFE). The IFE and FAE occupy 90 and 10 percentages of the
surface epithelium, respectively. The lighter medulla and darker cortex of the follicles are
clearly visible. Among the follicles, the connective tissue of the lamina propria is found.

Courtesy of Dr Attila Magyar.
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Figure 4: Structure of a bursal follicle. The cortex (CX) is darker, the medulla is lighter
(MD), FAE and IFE are clearly distinguishable. Thin septa of connective tissue are visible
between the follicles (CT). Courtesy of Dr Attila Magyar.

The bursal follicle consists of a medulla and a cortex. The basal membrane forms the border
between these compartments. All follicles lie beneath the surface epithelium of the bursa.
This epithelium has two distinct regions: one is just above the medulla: the follicle-
associated epithelium (FAE), and the other is between the FAE regions: the interfollicular
epithelium (IFE) [5] [7]. The stromal structure of the medulla is the medullary epithelium,
which has several parts. On the luminal side is the FAE. Beneath the FAE (a single-layered
cylindrical epithelium), further layers of flattened epithelial cells form the FAE-supporting
epithelium (FSE) [5] [7]. This FSE continues into the deep medulla as a network of epithelial
cells with long processes: the medullary epithelium [5]. Finally, a layer of epithelial cells is
seen at the cortico-medullary border: these are the cells of the epithelial arcades (CMEA).
These arcades form between their processes and the basal membrane holes for lymphoid

cells [5] [9].
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The bursal medulla contains the developing B lymphocytes, which are actively rearranging
their IgM genes. These cells are small (6-8 mm), rounded cells with a typical
heterochromatin pattern. They never contain cytoplasmic granules [5] [9]. The B
lymphocytes occupy the spaces between the processes of the epithelial cells, similar to the

thymus [7] [9].

The medulla also contains another specialised cell type, the bursal secretory dendritic cell
(BSDC). The size and heterochromatin pattern of the BSDC nucleus is very similar to that
of the lymphocyte, but in a “correct section” the cell has two long processes, one of which
contains granules, hence the name [7] [8]. The granules surround the cytocentrum and the
Golgi complex. Finally, there are macrophage-like cells (Mal) with typical phagosomes and
lysosomes in the medulla [5] [8].

The cortex of the bursal follicle contains mature B lymphocytes in a network of
mesenchymal reticular cells (mRC). Macrophages are found between the lymphocytes and
the reticular cells. In the cortex, next to the cortico-medullary basal membrane, there is a

dense capillary network [5] [7] [9].

The medullary B lymphocytes leave the follicular medulla through the epithelial arcades and
basal membrane into the cortex. They use the capillaries and via the blood stream colonize

the secondary lymphoid organs [5] [7] [9].
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Figure 5: The fine structure of the bursal follicle. At the cortico-medullary border there is a
basal membrane. The outer edge of the cortex is marked with a dotted line. The different
types of epithelia in the medulla: FAE, FAE-supporting epithelium, medullary (reticular)

epithelium, cortico-medullary epithelium of the arcades [5].

3.0Objectives

Electron microscopy observations from the research group of Professor Oldh at the
Semmelweis University suggested the involvement of BSDCs in the early infection of the
bursa with very-virulent strains of IBDV. The heavy load of viral particles on these cells, in
contrast to the rather mild or absent infection of lymphocytes during the earliest phase of an
IBDV infection, as well as the altered behaviour of BSDCs raises the possibility that the
initial target of viral infection in the bursa is not the immature B lymphocyte, but the BSDC.
The death or emigration of infected BSDCs alters the medullary environment. The maturing

B lymphocytes could die by apoptosis.

During this thesis work I joined the research group of Prof Imre Oléh and studied the electron
microscopic structure of healthy bursa of 20-week-old chickens, i.e. at a time when bursa
regression had already started. The main aim of my work was to learn the electron
microscopy of the healthy bursa, to recognise the different cell types using my own sections.

The focus was on the bursa’s secretory dendritic cells.
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Finally, I tried to elucidate what kind of cellular changes (e.g. in the cellular composition of
the medulla) could be observed in the bursa at this age of decreased susceptibility to IBDV

infection.

4.Materials and methods

4.1 Animals

Ceva-Phylaxia has the authorization and fulfils the requirements to keep these animals. Four
20-week-old cockerels from the Babcock breeding line were used for this study. These
animals represent the negative control group. The chickens were reared under standard
conditions, according to the general requirements for chickens: 26°C ambient temperature,
feed (sterilized broiler grower mix), water (tap water) ad libitum, and light cycle of 12hr.
The animals were euthanised with a pentobarbital sodium injection into the ulnar vein of the
wing. Euthoxin 500mg/ml (Chanelle Pharmaceutics) contains the active substance
pentobarbital sodium and was injected into the animals at a dose of 120 mg/body weight. All
methods used in these animal studies were approved by the Ethical and Animal Welfare

Committee of Ceva-Phylaxia, Budapest.

4.2 Bursa removal

The bursa is gently removed from the dorsal side of the cloaca and cut into 2-3mm pieces of
tissue parallel to its folds. Fixation for electron microscopy was made with 4%
glutaraldehyde in Milloning-buffer and stored at 4°C. The ratio between the volumes of the

fixative and the sample is 20:1.

4.3 Embedding for electron microscopic objectives

The bursa sample is brought to the laboratory in 4% glutaraldehyde. In the laboratory, the
bursa fold is finally cut for embedding (5-6 blocks of Imm?* each) and fixed again in

glutaraldehyde at 4°C for at least 2 hours or overnight.
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After that the sample is washed 3 times for 5 minutes at room temperature with Milloning-
buffer. Post-fixation is then carried out with a 1% osmium tetroxide (OsO4) solution. For our
study, we used commercially available osmium tetroxide from the manufacturer Merck,
Budapest, Hungary (Merck 1.24505.001). It is normally sold in a 1g pack in a glass ampoule.
Osmium tetroxide is stored in crystal form at -20°C in the freezer. Each of the following
steps takes place under fume hood, as OsOs is highly toxic. 1g osmium tetroxide was
dissolved in 50ml of distilled water (2% solution), for approximately 2-3 days. Part of the
ready solution is used for postfixation, the excess is aliquoted and stored frozen in Eppendorf
tubes. Subsequently, 500ul of Milloning-buffer and 500ul of the 2% osmium tetroxide
solution are added to the sample tube (1% OsO4) solution for post-fixation, which lasts for
2 hours at room temperature. After postfixation, the specimen (who became black during
this process) was rinsed in 500ul of distilled water (to prevent osmium precipitation). Then

the sample is washed three times for 5 minutes with Milloning-bufter.

After that, the dehydration of the sample starts with the ascending alcohol series. First 50%

ethanol is added to the sample for 10 minutes, then 70% ethanol for 10 minutes.

Embedding could be stopped at this step, if it is necessary or can be left in 70% ethanol at
4°C overnight. Next, the sample is exposed to 80%, 90% and 96% ethanol for 10 minutes
each. The sample is then treated with absolute ethanol three times for 20 minutes each.
Finally, the sample is washed with propylene oxide two times for 5 minutes each. Propylene

oxide is very volatile, so the container must be well sealed.

The EPON resin mixture is used for embedding the preparation. This consists of 5 different
components. 30ml Araldite Resin Grade 6005 (Electron Microscope Sciences;
EMS#10920), 30ml Poly-bed 812 (EMS#14900) (must be warmed up to room temperature
for 30 minutes beforehand, as it is stored at 4°C compared to the other components), 30ml
DDSA (Duodecenyl Succinic Anhydride; EMS#13710) and 20ml NMA (Nadic Methyl
Anhydride; EMS#19000) were put into a container and stir for 5 minutes so that the mass
becomes homogeneous and the phases mix well. To start the polymerisation, 2200
microlitres of the catalysator DMP 30 (2,4,6- Tris Dimethyl aminomethylphenol; EMS
#13600) were added to the mixture. After stirring again, the EPON resin mixture is ready
and can be aliquoted and frozen at -20°C. The tissue specimen was immersed for 40-45
minutes into a mixture of ready EPON resin and propylene oxide mixture at a ratio of 1:1 at
room temperature. The very small specimens are embedded in so-called Beem-capsules, the
larger ones in rubber pads. In this case we use a Beem-capsule.
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The resin-propylene oxide mix was pipetted off. A drop of the ready resin mixture was added
to the Beem-capsule so that the bottom of the capsule is covered. A toothpick is dipped into
the resin mixture and the specimen is removed from the previous container. The specimen
sticks to the synthetic resin on the toothpick and can thus be centred in the Beem-capsule
under the microscope. The Beem-capsule is then filled with the resin up to the edge. For
polymerisation, the Beem-capsules are placed in a thermostat for 24 hours at 70°C or 48

hours at 56°C.

4.4 Semithin sections

SPI Easy Cut Ultraglass glass stripes (measuring 406x25,4x6mm) were used to produce
glass knifes. The glass strips were cut to size using the Reichert-Jung knifemaker (type
705202). The quality of the glass knives produced must be checked under a

stereomicroscope.

A ‘boat’ or water reservoir (for distilled water) is built around the cutting edge of the glass
knife using (3M type 850 silver-coated) adhesive tape. The boat is sealed to the knife with

clear nail varnish so that no water flows out of the boat when cutting.

The finished resin block was then clamped to a block holder and the excess resin around the
tissue sample is removed with a handsaw. The finishing work is done with a rasp. The resin
block is then clamped in the block fixator of the Leica Reichert Ultracut S ultramicrotome.
Using the integrated stereo zoom microscope and a trimming carbon steel razor blade (T585;
ASR, USA) is used to remove any further excess resin. The front of the resin block is
processed to create a truncated pyramid shape. A glass knife without a boat is clamped in the
knife block of the ultramicrotome. The settings on the device and on the control panel should
be made so that the resin block and the glass knife are parallel to each other. The resin block
1s trimmed until the surface is mirror-smooth and shiny silver. To produce semi-thin sections,
the glass knife changed for the one with a boat. The boat is filled with distilled water. The
appropriate settings are made on the control panel of the ultramicrotome and then semi-thin
sections with a section thickness of 1-1,5 um can be produced. The finished sections can be
carefully removed from the boat using a glass rod. These are placed on a slide with a drop
of distilled water. Approximately 5-8 sections were put on one slide. The slide is then placed

on a hot plate so that the distilled water evaporates.
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The preparations are then stained for 2 minutes with a 1% toluidine blue solution, washed

off with distilled water and covered with coverslip.

4.5 Ultrathin sections

From the different types of grids, we used the EMS slot grid with oval hole (EMS, USA).
The grid was coated with a membrane. The membrane is prepared using Formvar powder
(Formvar Resin 15/95 powder; Ted Pella Inc. No. 19222), dissolved in chloroform to get a

solution of 1-1.1%.

Ultra-thin cuts are cut with a 45° diamond knife (Diatome Diamond Knife, wet, 35°; EMS,
USA). The recommended cutting speed is 1-1.5-2 mm/s and the angle of inclination of the
diamond blade should be set to 6°. Make sure that the distance between the knife edge and
the block is the same in all directions. The maximum cutting thickness is initially 0.2-0.3
um. This is followed by a gradual thinning: 0.1 pm, 90 nm, 80 nm and 70 nm. The final
thickness is achieved when the reflexion of light on the sections are silver-coloured, i.e.

between 70 and 50 nm. In general, 2-3 sections of each thickness are sufficient.

As much should be cut off so that all 3 sections have the same colour and are flawless. When
the boat is full of sections of the right quality and quantity, the defective sections are fished
out with a dog whisker. To unwrinkle the good sections, a filter paper is soaked in xylene
and held over the collected sections in the boat. To contrast the ultrathin sections, they must
first be immersed in 3.75% uranyl acetate (taking care of its radioactivity!) for 5 minutes.
Furthermore, the sections are placed in 50% ethanol for 1-2 minutes and then washed with
distilled water for 1-2 minutes. Finally, they are treated with the Reynolds-lead citrate
solution for 1-2 minutes and then washed again with distilled water, also for 1-2 minutes.

After contrasting, the grid is placed in a holder.

4.6 Electron microscopy

Ultra-thin sections were contrasted by lead citrate and uranyl- acetate, studied by Hitachi H-
7500 electron microscope. The photos were made with a digital camera Morada G3 (EMSIS,

Miinster, Germany).
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5.Results

My work was carried out on healthy 20-week-old chickens. This age is the beginning of
bursal regression. The tissue specimens I collected at the Scientific Support and Investigation
Unit of the Ceva-Phylaxia Co., Budapest, with the help of Dr Balazs Felfoldi. The electron
microscopic techniques (post fixation, embedding, semithin and ultrathin sectioning,
contrasting and electron microscopic investigation of the sections) were performed in the

laboratories of the Department of Anatomy, Semmelweis University.

5.1 Semithin sections of the bursa

The semithin sections show a normal structure of bursal follicles at the age of 20 weeks. On

my sections only healthy follicles of normal size were seen.

Figure 6: Semithin section of the bursa of a 20-week-old chicken. Three follicles are marked
(F1-F3). The medulla of the follicle is lighter than the cortex. Only the IFE of the bursal fold

is visible, i.e. FAE did not occur in this section.
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200 um

Figure 7: A bursal follicle is seen. The cortex (CX) surrounds the medulla (MD) on all sides,

as the section plane is not in the centre of the follicle. The interfollicular connective tissue
borders the follicles of the neighbouring follicles (ct). The area marked with a red rectangle

is shown in the next figure at a higher magnification.
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Figure 8: This is an enlargement of the red rectangle in Figure 6. The cortico-medullary

border is marked by arrows. Interfollicular connective tissue (ct).
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Figure 9: The cortico-medullary border (basal membrane) is marked by four black arrows.

In the cortex (CX) a capillary with erythrocytes (ERY) is seen. In the medulla (MD) several
epithelial arcades are visible, one epithelial arcade is marked with a white arrow (EA). The
nucleus of the epithelial cell of the arcade is marked by another white arrow (nEA). A bursal

secretory dendritic cell is now migrating out of another arcade (white arrow, BSDC).
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5.2 Electron microscopy of the bursa

On my ultrathin sections we studied the morphology and proportions of different cell types,
like BSDCs, medullar reticular epithelial cells, epithelial arcades, the cells of FAE, reticular

cells of the cortex, and naturally, the lymphocytes.

Figure 10: The periphery of a bursal follicle is seen at low magnification. The basal
membrane (bm, arrow) between the cortex (CX) and the medulla (MD) appears as a thick
line. Cortex and medulla are filled with lymphocytes (L). Interfollicular connective tissue

(CT). Scale bar: 20 um.

5.2.1 Bursal secretory dendritic cells

At this age, the proportion of BSDCs to lymphocytes starts to diminish. The BSDCs in
appropriate sectioning plane are clearly seen, with their electron dense granules. On the other
hand, the bursal secretory dendritic cells, both mature and immature, show their

characteristic fine structure.
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Figure 11: In the follicular medulla, a mature bursal secretory dendritic cell (BSDC) is seen

between the lymphocytes (L). Its nucleus is similar to that of the lymphocytes, but the cell
has a blunt process (towards the left) with electron dense granules of different sizes. The
medullary epithelial cell (EP) has an irregular, rather euchromatic nucleus and, more
typically, several lipid droplets in its cytoplasm. An epithelial process with dense cytokeratin

filaments is also visible (pro). Scale bar: 2 um.
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Figure 12: Higher magnification of a BSDC. The granules vary in their size and content. A
kind of internal structure (the “eye”) can be seen in the granules. BSDCs also contain lipid
droplets. On the surface of the BSDC and between the medullary cells is a fine flocculent
substance (gp), which is most likely the glycoprotein product of the BSDC. Lymphocyte (L).
In the upper right corner, a process of a medullary reticular epithelial cell (EP) is visible,

with tonofilaments (cytokeratin filaments) in the cytoplasm. Scale bar: 1 pm.

5.2.2 Medullar reticular epithelial cells

The medullary reticular epithelial cells form a network in the medulla. They have a pale
nucleus, with an organelle-poor cytoplasm and several cellular processes. The processes of
neighbouring epithelial cells bind to each other through desmosomes. These epithelial cells
never contain electron-dense granules, but they do contain lipid droplets. At this age, their

proportion to the lymphocytes is higher than in the fully developed bursa.
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Figure 13: In the medulla (MD) two medullary epithelial reticular cells (EP) are seen. Their

processes continue between the lymphocytes (L). An apoptotic cell is also visible (A).
Outside of the basal membrane (bm, arrow), in the cortex (CX), a mesenchymal reticular

cell (RC) is visible. Scale bar: 20 pm.
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Figure 14: The processes of two medullary epithelial reticular cells (EP1 and EP2) are in

contact through a desmosome (D). Presence of cytokeratin intermediate filaments
(tonofilaments, (To)) indicates the epithelial cell’s processes. A macrophage-like cell (MAL)
with phagosomes and, to the left, a BSDC is also present. Between the BSDC and the Mal
is a cell process (pro) filled with free ribosomes/polysomes. This process may belong to a

immature BSDC. Scale bar: 500 nm.

5.2.3 Epithelial arcades

The epithelial cells of the medulla at the cortico-medullary border form niches for lymphoid
cells: the arcades. These arcades are located between the epithelial cell bodies, their cell
processes and the basal membrane. The opening of the arcades towards the medulla could

release the lymphoid cells, the precursor cells of BSDC.
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Figure 15: Epithelial arcades (white arrows) are formed by the epithelial cells (EP) at the
cortico-medullary border. In the medulla (MD) a mitotic cell (telophase, Mit) is found among
the lymphocytes (L). Inside the arcades lymphoid cells (Ly) are seen. Basal membrane (bm,
black arrow). Granule of a BSDC is marked by an asterisk). Scale bar: 2 um.

5.2.4 The follicle-associated epithelium (FAE) and the FAE-supporting
cells

On top of the bursal medulla towards the lumen, there is a specialized epithelium: the FAE.
Its cells look like cylindrical epithelial cells (without tight junctions). This cell layer
borders the medulla towards the bursal lumen. Beneath the FAE are a few layers of

flattened epithelial cells: these are the FAE-supporting cells.
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Figure 16: The FAE and the FAE-supporting epithelial cell layers. Some cylindrical

epithelial cells of the FAE (FAE-FAE3) have similar characteristics (nucleus, tonofilaments,
cytoplasm) to the other epithelial cells of the medulla. Under the FAE, an epithelial network
consists layers of epithelial cells: FAE-supporting cells (FSE). Macrophages (Mal) can be
seen between the FAE cells and the FSE cells. Scale bar: 10 pm.

5.2.5 Macrophage of the medulla

The macrophage of the medulla has a more euchromatic nucleus compared to one of the
lymphocytes. Their cytoplasm is filled with phagosomes, which contain mainly apoptotic

lymphocytes.
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Figure 17: Macrophage in the medulla of the bursal follicle (Mal). Its cytoplasm contains

several phagosomes (Ph), the top 4 of which are most likely apoptotic lymphocytes. The
macrophage is surrounded by lymphocytes (L). Scale bar: 2 um.

5.2.6 Cortical reticular cells and reticular fibres

The cortex has a reticular connective tissue as stroma with mesenchymal reticular cells and
reticular fibres. Embedded in this network, there are mature B lymphocytes, and
macrophages. Capillaries are found only in the cortex. The cortical reticular cell has an oval,

pale nucleus.
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Figure 18: In the cortex (CX), under the basal membrane (bm, black arrow), there is a

mesenchymal reticular cell (RC) with its more euchromatic nucleus. Black arrowheads point

to several epithelial arcades. Scale bar: 10 pm.

5.2.7 Capillaries in the cortex

The cortex has an enriched capillary network. The wall of capillaries consists of an
endothelial cell, and a basement membrane. A capillary network could be found next to the

basal membrane of the cortico-medullary border.
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Figure 19: A capillary under the basal membrane. Fine connective tissue fibres are seen

between the endothelial cell (EN) and the cortico-medullary basal membrane (bm). Cortex
(CX), medulla (MD). Scale bar: 2 pm.

6. Discussion

In the chicken embryo, the development of the bursa starts at about 4.5-5 days of incubation.
The lymphoid precursor cells arrive in the mesenchyme of the tail bud around 10-11 days of
incubation. The epithelium starts to build up epithelial buds at these places, and the lymphoid
cells migrate into these buds. Due to the proliferation of lymphoid cells in the bud, the
follicular medulla slowly develops. From the original surface epithelium, several kinds of
epithelial cells differentiate, these constitute the epithelial network of the later medulla of
bursal follicles: FAE, FAE-supporting cells, medullary reticular epithelium and the epithelial
arcades. The maturing of B-lymphocytes happens in this network. The cortex develops after
hatching, in the first two weeks of life, outside the medullar epithelium, therefore it is

isolated from the medulla by a basal lamina.
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In the reticular connective tissue of the cortex, the mature B lymphocytes are accumulating.
Through the capillaries of the cortex, these B lymphocytes enter the blood stream to populate

in the secondary lymphoid organs, thus the cortex is a transit zone for B lymphocytes.

The bursa starts its physiological atrophy in white leghorn chickens at approximately 20
weeks. The atrophy is obvious at 24 weeks, it is essentially completed by 26 weeks, and only

fibrous rests of bursa are present at 28 weeks [10].

6.1 The bursal secretory dendritic cell and its life cycle

The medulla of bursal follicle contains a dense mass of maturing B lymphocytes, embedded
in an epithelial network (between medullary epithelial cells, epithelial arcades and FAE-
supporting cells). Between the lymphocytes, occasional macrophages (macrophage-like
cells, Mal) are also seen. Another cell type, the bursal secretory dendritic cell, was not
recognized until the end of 1970’s [11]. This cell type, in some sectional planes, looks like a
lymphocyte, but in other sectioning planes it is clear, that this cell possesses cellular
processes. The mature BSDC usually has two relatively thick processes: one of them is
filled with membrane-bound granules. Some of the granules start to coalesce with each other,
and bizarre, ginger-like large granules develop. The other process contains usually a dense
mass of free ribosomes/polysomes. This cell expresses vimentin intermediate filaments [12]

and bounds maternal IgG from the yolk on its surface [13] [14].

This cell type has a continuous renewal in the bursal medulla. Its precursor is most probably
the lymphoid cell, or lymphoblast, that is found in the epithelial arcades. These arcades are
made of the most peripheral cells of medullary epithelium, contacting the basal membrane
on the cortico-medullary border. The epithelial cell of the arcade makes a closed space (niche
or nest) for one or more lymphoid cell/lymphoblast by its processes. The lymphoid cell in
the arcade is IgM- and vimentin-negative and is resistant for IBDV infection [15]. These
lymphoid cells are almost completely enclosed by the processes of the epithelial cell of the
arcade. The epithelial cell processes are usually thin processes, partly lying on the cortico-

medullary basal membrane.
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Figure 20: The cortico-medullary border with the basal membrane (bm) of a bursal follicle.
A mesenchymal reticular cell (RC) is seen in the cortex (CX). In the medulla (MD) maturing
lymphocytes (L) and a BSDC can be seen. The epithelial cells of the arcades (EA) surround
the precursor lymphoblasts (or lymphoid cells; Ly) of BSDC. The epithelial processes are
indicated by thick black arrows. Scale bar: 5 pm.

The arcades continuously open towards the medulla, and cells leave their niches. Some
emigrating cells could represent maturing B lymphocytes, but other emigrating cells have

granules and short cytoplasmic processes, representing the immature BSDCs.

The immature BSDCs have already few (3-5), electron dense, membrane-bound granules,
and several very short, but thick cellular processes with many free ribosomes. These cells
could be observed as they leave the arcades through openings of the epithelial cells of the
arcades [6]. The accumulation of the immature BSDCs directly above the arcades could also

point to their origin.
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In the medulla of bursal follicle, the immature BSDC accumulates more and more granules.
Its cytoplasmic processes become longer and the mature form of BSDC develops. These
cells occur anywhere in the medulla, sometimes leaving towards the cortex, through the basal

membrane.

The mature BSDC releases the granules by exocytosis, also it secretes the content of its
granules in the extracellular space of the medulla. The number of granules diminishes in
these cells, and parallel with that, a flocculated extracellular substance appears between the
cells of the medulla. This fine granular extracellular content is associated with the cell
surface of the BSDC. The medullary B lymphocytes are surrounded by this granular
substance. This substance is a glycoprotein in its nature, shown by Movat-staining in the
bursal medulla. The exact chemical nature of the granule content of BSDCs is not known.
Because the B lymphocytes are “swimming” in this extracellular substance, it is assumed
[6], that this substance protects the B lymphocytes from the apoptosis, and helps their

maturation.

Parallel with the exocytosis, the mature BSDC accumulated more and more phagosomes and
became a macrophage (macrophage-like cell, Mal). The Mal contains several phagosomes
of different sizes, sometimes apoptotic lymphocytes (similar to tingible body macrophages
in the germinative centre of the secondary follicles). The Mal occurs anywhere in the
follicular medulla. Emigrating Mal was observed leaving the medulla into the cortex or

entering the bursal lumen via FAE. Between the FAE-cells, Mal always occurs.
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Figure 21: Macrophages (Mal) were found between the cells of the FAE-supporting
epithelial (FSE)cells or FAE cells (the Mal on the left). Two FAE cells (FAE and FAE,) are
marked. Scale bar: 10 um.

On the basis of these electron microscopic observations, a life cycle of the BSDC should be
as follows: they develop from the lymphoid cells in the epithelial arcades. These leave the
arcades and develops into immature BSDC. This cell type converts in the medulla into
mature BSDC, and mature BSDC later into the Mal. Finally, the Mal leaves the bursa into
the lumen or towards the cortex. In the former case, a continuous cellular streaming should
exist. It starts at the cortico-medullary border, and the cells of the proposed same
developmental line finally leaves the bursa into the lumen. If this cellular stream exists, it
should have a clearing function, removing cellular debris from the bursa, but during an

infection, removing the virus particles into the cloaca, then into faeces.

37



bacteria

a N AT 4.
L ~‘r§'.J.
R e de

e S o




Figure 22: Semithin section through the medulla of a bursal follicle. The cortico-medullary
border with the basal membrane (bm) is seen at the bottom. A mesenchymal reticular cell
(mRC) is marked in the cortex (CX). Above the basal membrane, the epithelial arcade (A)
contains lymphoid cells, which could be precursors of both B lymphocytes and BSDCs. In
the medulla, among the lymphocytes (L), dark medullary epithelial (mEP) cells were
identified by their slender processes. The BSDCs contain granules in the cellular processes.
Some macrophages (Mal) can be seen between the cells of the FSE. On the surface of the

FAE, bacteria could be observed. Courtesy of Professor Imre Olah.
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6.2 IBDV infection of the bursa: generally accepted view

The IBDV primarily attacks the bursa. Here, the main target of the IBDV is the immature
(IgM+) B lymphocyte. The binding happens most probably through the I-chain of the surface
IgM and another cell membrane proteins of the maturing B lymphocyte. The infection results
in the lysis or the apoptosis of the infected B lymphocyte, with an inflammation in the
follicles, invasion of macrophages and invasion of heterophiles. Haemorrhage and apoptosis
of B lymphocytes occur as well. The very virulent strain of IBDV (vvIBDV) also attacks the
mature B lymphocytes in secondary lymphoid organs like spleen and results in their death.
Nakai and Hirai [16] studied the susceptibility of different fractions of bursal and thymic
cells against virulent strain of IBDV. The purified IgM-positive bursal B cells were the most
susceptible. Interestingly, during a vvIBDV infection, the thymus is also affected: death of
thymocytes and epithelial cells could be observed, but it is not clear, if it is due to a direct
infection of cells or due to the stress following the infection [17]. The IBDV causes the
highest mortality in chickens with fully developed bursa, but “neonatal” chicks are sensitive
for the virus as well. Here, one week after an infection with vwIBDV a particular follicular
regeneration could be seen [4]. In the infected bursa, the IBDV induces apoptosis, autophagy
or pyroptosis (this is a relatively new form of lytic cell death due to an intracellular pathogen,

with caspases and inflammasomes) of the B lymphocytes [17].

The crucial role of the bursa in the development of the IBD is shown by the fact, that
bursectomy (chirurgical or chemical) strongly reduces the morbidity and mortality of
chickens in the sensitive period of their life against vvIBDV. Currently, it is not known how
the inflammation of the bursa leads to the death of the infected animals. Most likely it is
caused by several inflammatory factors (like a cytokine storm) from the infected cells or the

massive load of the body with IBDV particles.
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6.3 IBDV infection of the bursa: supplementary information from the
side of BSDC

In the early phase of the IBDV infection (36 hours post infection), the lymphocytes in the

bursal medulla are infected, but contain few virus particles. In the arcades, relatively few

lymphoid cells remain, i.e. the arcades are largely emptied.

Figure 23: Empty arcades during the early phase of an vwvIBDV infection (D407/2/04/TR
virus strain). 7 days after infection. The epithelial arcades are empty, i.e. there are no
lymphoid cells between the arcade epithelial cells. The arcade cells have become slender. A
BSDC is located above the cortico-medullary border. Medullary epithelial cell (mEP). A

capillary (cap) in the cortex (CX) is marked. Scale bar: 10 um. Courtesy of Professor Imre
Olah.
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The most lymphoblasts emigrated from the arcades. Some of them became BSDC. The
BSDC:s are also infected, they have virus particles, sometimes in a crystal-like arrangement.
This structure clearly shows that in the BSDCs, the IBDV intensively replicates, and new
virus particles are produced. The infected BSDC could die by lysis, but some of them
emigrate from the medulla into the cortex with virus particles, so the medulla now contains
fewer BSDC. There is no traffic of the infected BSDCs towards the FAE. The secretory
activity of the BSDC will diminish, and the extracellular space between medullary cells

becomes poor of the fine granulated secretory material of BSDC.

The low density of BSDCs and of the extracellular substance in the bursal medulla make the
maturing B lymphocytes more sensitive against the IBDV infection, or they could simply
die through apoptosis due to the changed medullary environment. In this supplementary view
of IBDV infection, the virus infection of the BSDC could induce a change in the medullary
environment for the B lymphocytes (missing secretion of the glycoproteins). This could

reinforce the apoptosis of B lymphocytes and therefore makes the outcome of the IBDV

infection more severe.

Figure 24: vvIBDV infection with virus strain D3728. 36 hours after infection. Shown are
BSDCs and lymphocytes, both containing virus particles (vi). Scale bar: 5 um. Courtesy of

Professor Imre Olah.
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Figure 25: IBDV infection with D407/2/04/TR virus strain; 4 days post infection. In the

medulla, a lytic BSDC is seen, surrounded by relatively healthy medullary epithelial cells
(mEP). Scale bar: 5 um. Courtesy of Professor Imre Olah.
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Figure 26: Magnification of Figure 24. Detail of a BSDC. vvIBDV infection with

D407/2/04/TR virus strain; 4 days after infection. Virions are arranged in a crystalline
pattern. Secretory granules can be seen, some of which contain virus particles. Scale bar: 1

um. Courtesy of Professor Imre Olah.
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7.Summary

The bursal secretory dendritic cell belongs to the minor cell populations of the bursal
medulla. This cell type has dendritic processes and secretory granules. It most probably
develops from the lymphoid cells enclosed in the epithelial arcades of the medulla. The
BSDC matures in the medulla, secretes its granules by exocytosis, and this granule content
becomes a fine granulated extracellular substance of the medulla, that is a glycoprotein. The
B cell development takes place in this substance. The BSDC then develops to a macrophage
cell type, the macrophage-like cell. This cell phagocytises the apoptotic B lymphocytes, and
finally leaves the medulla towards the bursal lumen, which is a cleaning cell type of the
medulla. The BSDC is also sensitive for IBDV infection. During IBDV infection, the cell
could die or emigrate into the cortex and stop the secretion of granules. This makes the
medullary matrix poorer of the glycoprotein, which could amplify the effect of IBDV on the
apoptosis of the B lymphocytes. This life cycle of BSDC is summarized in Figure 27.
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Lifespan of BSDC

A. Origin and development of BSDC precursors
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Figure 27: The summary of the life cycle of the BSDC. [6]
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"(A) Before epithelial bud formation at least 3 types of cells can be distinguished in the
bursal mesenchyme. Possibly 2 kinds of dark, high electron-dense cells (numberl and 2); a
pale, low electron-dense cell (number3) and a highly elongated cell (number4), which is
localized far from the surface epithelium. Both dark cells assemble in a niche of the surface
epithelium, crossing the basal lamina, enter the epithelium, which is followed by epithelial
bud formation. The dark cells express EIV-EI2 positive glycoprotein antigen. After hatching,
the CMEA develops together with the cortex. Possibly, one of the dark cells as a precursor
cell of permanent, posthatching BSDC associates with the marginal epithelial cells of the

growing bud and establishes the histologically complex CMEA.

(B) In the CMEA, the BSDC precursor cell proliferates but does not differentiate. After the
release of precursor cells from the CMEA into the medulla, the cell starts to differentiate into
immature dendritic cell. The morphological sign of differentiation is the formation of

secretory granules and vimentin-type intermediate filaments.

(C) The immature BSDC produces 1 or 2, occasionally 3 large cytoplasmic processes, and
the secretory granules generally occupy one of the large processes. The mature BSDC
discharges the granules, which temporarily attach to the cell membrane of BSDC. The
membrane-bound substance gradually solubilizes and on the transmission micrograph
appears as a fine-flocculated substance in the extracellular space of the medulla. The Movat-
pentachrome staining provides evidence, that the fine-flocculated substance is a
glycoprotein. After "exhaustion” of granular production, the BSDC transforms to phagocytic
Mal that is drifted via FAE-supporting cells. The Mal shows up in the FAE and is eliminated
in the bursal lumen. It cannot be excluded that the immature BSDC transforms directly into
Mal. In control birds, the Mal is eliminated mainly via the FAE, but in field or experimental
infections, the large number of Mal actively migrate into the cortex, initiating inflammation

by recruiting heterophil granulocytes."
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