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ORIGINAL ARTICLE

Distribution patterns of mucosally applied particles and
characterization of the antigen presenting cells

Eveline D. de Geus1*, Winfried G. J. Degen2, Daphne A. van Haarlem1, Carla Schrier2,
Femke Broere1, and Lonneke Vervelde3

1Department of Infectious Diseases and Immunology, Faculty of Veterinary Medicine, Utrecht University, Utrecht,
The Netherlands, 2MSD Animal Health, Department of Discovery and Technology, Discovery Group, Boxmeer,
The Netherlands, and 3The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of Edinburgh,
Easter Bush, UK

Mucosal application is the most common route of vaccination to prevent outbreaks of infectious diseases like
Newcastle disease virus (NDV). To gain more knowledge about distribution and uptake of a vaccine after mucosal
vaccination, we studied the distribution pattern of antigens after different mucosal routes of administration.
Chickens were intranasally (i.n.), intratracheally (i.t.) or intraocularly (i.o.) inoculated with fluorescent beads and
presence of beads in nasal-associated lymphoid tissue (NALT), Harderian gland (HG), conjunctiva-associated
lymphoid tissue (CALT), trachea, lungs, air sacs, oesophagus and blood was characterized. The distribution
patterns differed significantly between the three inoculation routes. After i.t. inoculation, the beads were mainly
retrieved from trachea, NALT and lung. I.n. inoculation resulted in beads found mainly in NALT but detectable in
all organs sampled. Finally, after i.o. inoculation, the beads were detected in NALT, CALT, HG and trachea.
The highest number of beads was retrieved after i.n. inoculation. Development of novel vaccines requires a
comprehensive knowledge of the mucosal immune system in birds in order to target vaccines appropriately and to
provide efficient adjuvants. The NALT is likely important for the induction of mucosal immune responses.
We therefore studied the phenotype of antigen-presenting cells isolated from NALT after i.n. inoculation with
uncoated beads or with NDV-coated beads. Both types of beads were efficiently taken up and low numbers of bead+
cells were detected in all organs sampled. Inoculation with NDV-coated beads resulted in a preferential uptake by
NALT antigen-presenting cells as indicated by high percentages of KUL01+-, MHC II+ and CD40+ bead+ cells.

Introduction

Outbreaks of infectious disease in the poultry industry are
mainly prevented by vaccination. Mucosal application is the
most common route of vaccination for viral vaccines like
Newcastle disease virus (NDV) and infectious bronchitis
virus. Most live vaccines are applied using spray or are
applied via the oculonasal route and subsequently distribute
throughout the respiratory tract and head-associated lym-
phoid tissue, where they can be recognized and taken up by
antigen-presenting cells (APC). Deposition patterns after
aerosol or spray vaccination were previously studied using
beads. The deposition pattern of beads is dependent on the
size of the beads, droplet size of the bead solution and on
the age of the chickens. Larger beads (>3.7 µm) ended up
primarily in the upper respiratory tract, whereas smaller
beads distributed throughout the respiratory tract (Hayter &
Besch, 1974, Tell et al., 2006, Corbanie et al., 2006).
In two-week-old broiler chickens that received 1 µm beads
by aerosol, beads were detected in, for example, oesophagus,
thoracic air sacs, lungs, larynx and trachea and also in
nose and eyes. In one-day-old chickens, higher numbers

of large beads (>1 µm) were detected in lower airways.
This can be explained by the fact the young chickens were
constantly cheeping (Corbanie et al., 2006). After deposition,
an antigen is taken up by phagocytic cells present in the
respiratory tract, processed and may be presented on major
histocompatibility complex (MHC)molecules (deGeus et al.,
2012a). This process is crucial for the induction of adaptive
immune responses and for the maintenance of homeostasis
(reviewed by Holt et al., 2008, Braciale et al., 2012).
Although chickens lack draining lymph nodes, a highly
developed mucosal immune system is present (Balic et al.,
2014), with several organized mucosa-associated lymphoid
tissues described in the intestinal tract, the respiratory tract
and the eye region. The bronchus-associated lymphoid tissue
(BALT), nasal-associated lymphoid tissue (NALT), Hard-
erian gland (HG) and conjunctiva-associated lymphoid tissue
(CALT) are thought to play important roles in induction of
respiratory tract immune responses.

BALT is located at the junctions between the primary
bronchus and secondary bronchi. In the chicken, BALT is
constitutively present and is thought to compensate for the
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lack of draining lymph nodes (Fagerland & Arp, 1993).
We have previously observed that after tracheal inoculation
of lipopolysaccharide-coated beads cells that had interna-
lized these beads were located in BALT areas (de Geus
et al., 2012a). This suggests that induction of respiratory
tract immune responses may occur locally.
The NALT is the first tissue to come into contact with

inhaled particles and pathogens, including mucosal vac-
cines. The nasal cavity might be the most attractive route
for vaccine delivery, as it is easily accessible and has lower
levels of proteolytic enzymes when compared to the oral
route (Islam et al., 2012). In avian species, both diffused
and organized NALT are found (Ohshima & Hiramatsu,
2000, Kang et al., 2013, 2014). Both soluble and particulate
antigens can be taken up in the nasal cavity and can be
transported from the epithelium to the lymphoid follicles of
the NALT (Kang et al., 2013). A major characteristic of
organized NALT is the formation of circumscribed B-cell
areas occasionally displaying germinal centres, covered by a
CD4+ T-cell cap (Ohshima & Hiramatsu, 2000).
The major eye-associated lymphoid tissues are located in

the HG and in the conjunctiva of the lower eyelid (CALT).
Secretions of the HG drain into the upper respiratory tract,
thereby providing local protection by secretory Ig (Dohms
et al., 1981) and antigen-specific antibody-secreting cells
can indeed be detected in HG after local vaccination (van
Ginkel et al., 2008). The HG is organized in two
histologically distinct compartments, a head and a body.
The head of the gland resembles a secondary lymphoid
organ, with follicle-associated epithelium, lymphoid accu-
mulations and germinal centres (Jeurissen et al., 1994).
To gain more knowledge about distribution patterns,

uptake by APC and subsequent effects on phenotype of
mucosally applied vaccines, we studied the distribution of
particulate, non-immunogenic beads after different routes
of inoculation (intranasal (i.n.), intratracheal (i.t.) and the
intra-ocular (i.o.) route in the mucosal tissues of the head
region and the respiratory tract. We chose to use 1-µm beads,
as it was previously shown that these beads can be recovered
from the entire respiratory tract (Corbanie et al., 2006) and
are readily ingested by phagocytic cells (de Geus et al.,
2012a). NDV has a size of 100–500 nm (DiNapoli et al.,
2007) and is therefore smaller than a bead. However, because
airborne NDV can be found in aerosols and dust particles, an
NDV-bead does resemble the size of a droplet or particle at
the moment of initial deposition. We determined whether
deposition and uptake patterns were affected if immunogenic
beads were applied by using beads coated with NDV. Finally,
we studied the phenotype of NALT APC, including macro-
phages and dendritic cells, after i.n. inoculation with control
beads or with NDV-coated beads.

Materials and Methods

Chickens. One-day-old specified pathogen-free layer chickens were obtained
from MSD Animal Health (Boxmeer, the Netherlands). Birds were housed
conventionally in groups and received food and water ad libitum. In
compliance with Dutch law, all of the experiments were approved by the
Animal Experimental Committee of the Faculty of Veterinary Medicine,
Utrecht University, The Netherlands, in accordance with the Dutch regula-
tions on experimental birds.

Newcastle disease virus. Formalin-inactivated NDV Clone 30 was obtained
from MSD Animal Health. Before being coupled, the virus was centrifuged
for 30 min at 3000 × g and the supernatant was concentrated by
ultracentrifugation for 1 h at 100,000 × g. The supernatant was discarded
and the pellet was resuspended in phosphate-buffered saline. Protein content

was determined using a bicinchoninic acid protein assay kit (Pierce,
Rockford, IL, USA).

Coating of beads. Carboxylated crimson fluorescent 1 μm beads (excita-
tion/emission maxima 625/645; Molecular Probes, Eugene, OR, USA) were
coated with inactivated NDV according to manufacturers’ procedures. All
steps were performed in glass tubes. NDV was dissolved at a concentration
of 2.5 mg/ml in 50 mM 2-(N-Morpholino)ethanesulphonic acid buffer (pH
6; Sigma Aldrich, St Louis, MO, USA), and an equal volume of beads was
added. The solution was incubated for 15 min at room temperature and
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide was added at a concentra-
tion of 5 mg/ml. After the pH was adjusted to 6.5 using 1 M NaOH, the
solution was incubated for 2 h at room temperature on a rocker. To quench
the reaction, glycine was added to a final concentration of 100 mM and the
solution was incubated for 30 min at room temperature. Coated beads
were washed three times and resuspended in PBS with 1% BSA and 2
mM NaN3.

Coating of NDV to beads was confirmed using fluorescence-associated
cell sort (FACS) analysis. In brief, NDV-coated beads and control beads
were incubated with mouse-anti-NDV antibody (Abcam, Cambridge, UK)
for 30 min on ice, followed by staining with fluorescein isothiocyanate
(FITC)-labelled goat anti-mouse IgG (H+L; Southern Biotech, Birmingham,
AL, USA) for 30 min on ice. Beads were analysed using a FACSCanto (BD
Biosciences, San Jose, CA, USA), and data were analysed using the
software program FlowJo (Tree Star, Ashland, OR, USA).

Inoculation of chickens. To first determine the distribution patterns of
beads after different routes of inoculation and in a subsequent experiment
determine the effect of coating with viral antigen, four-week-old chickens
were inoculated i.t., i.n. or i.o. with 200 µl bead solution, containing 7.2 ×
109 beads. For i.t. inoculation, a flexible oral gavage needle (Instech
Solomon, Plymouth Meeting, PA, USA) was used. A pipette was used for
i.n. and i.o. inoculation. Chickens received either uncoated or NDV-coated
beads. To determine the distribution patterns of beads after different routes
of inoculation, chickens were sacrificed 1 h or 6 h after inoculation.

In a follow-up experiment to determine the phenotype of APC subsets
after inoculation with the different beads, chickens were killed 1 h, 6 h and
24 h after inoculation and NALT, CALT, HG, trachea, lung, oesophagus,
thoracic air sacs and blood was collected for further analysis. NALT was
isolated by collecting the part of the chicken beak containing NALT tissue
(Kang et al., 2013) and enzymatic digestion. In all experiments, each group
consisted of four chickens.

Preparation of single cell suspensions. NALT, CALT and lungs were cut
into small pieces and digested with 2.4 mg/ml collagenase A (Roche, Basel,
Switzerland) and 1 mg/ml DNAse I (Roche) solution for 30 min at 37°C (de
Geus et al., 2012b). Single cell suspensions of NALT, CALT, lung and HG
were prepared by gently squeezing through a 70 μm cell strainer. The
oesophagus was opened longitudinally, cut into ~1 cm pieces and first
digested using Hank’s Balanced Salt Solution/10% foetal calf serum (FCS)
supplemented with 0.6 mg/ml collagenase A (Roche) and 0.1 mg/ml
DNAse I (Roche). Air sacs and longitudinally opened trachea were digested
with 2.5 U/ml Dispase I (Roche) for 2 h at 37°C under continuous shaking,
followed by digestion with 1 mg/ml collagenase A for 5 min at 37°C (Shen
et al., 2010).

To characterize and quantify the distribution of the beads, leucocytes
were isolated from lung, blood and oesophagus by density gradient
centrifugation for 20 min at 1000 × g using Ficoll-Paque (GE Healthcare,
Little Chalfont, UK). Before performing these experiments, we observed
that after Ficoll-Paque density separation, >95% of extracellular beads
located in the interphase and also in the fluid above the interphase (not
shown) and therefore both interphase and the fluid above the interphase
were collected and washed twice with PBS for 30 min at 3000 × g. No
density separation was performed on cells isolated from NALT, CALT, HG,
trachea and air sacs. Cells and extracellular beads were resuspended in PBS
supplemented with 0.5% BSA and 0.005% NaN3 (FACS buffer) and were
used to measure total numbers of beads per organ.

For phenotypical analysis, leucocytes were isolated by density gradient
centrifugation for 20 min at 1000 × g using Ficoll-Paque (GE Healthcare,
Little Chalfont, UK) and then washed twice with PBS. Cells were
resuspended in FACS buffer.
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Flow cytometry. For phenotypical analyses of cells isolated from NALT,
lung, HG and CALT and for analyses of in vivo uptake, cells were stained
on ice using FITC-labelled mouse anti-chicken KUL01 (Southern Biotech),
FITC- or phycoerythrin (PE)-labelled mouse anti-chicken MHC II (Ia;
Southern Biotech) and mouse anti-chicken CD40 (AbD Serotec, Kidlington,
UK). PE-labelled goat anti-mouse IgG2a (Southern Biotech) was used as
secondary antibody to detect CD40 expression. Unstained samples and
conjugate controls were used to correct for background and/or non-specific
staining. Based on the number of cells isolated, between 0.5 × 106 and 1 ×
106 live cells (based on forward light scatter profile) were analysed per
sample. Cells were analysed using a FACSCanto (BD Biosciences, San
Jose, CA, USA), and data were analysed using the software program
FlowJo (Tree Star).

Analysis of data. All data were analysed using Kruskal–Wallis or Mann–
Whitney U test with SPSS 20 software (IBM, Armonk, NY, USA). Graphs
were prepared using Prism Graphpad 6.

Results

Deposition patterns differ between different inoculation
routes. We first studied the distribution of beads in mucosal
tissues after different routes of inoculation. Chickens were
inoculated i.t., i.n. or i.o. with 1 µm fluorescent beads and
the number of beads per organ was determined after 1 hour.

We collected both extracellular and intracellular beads and
determined the grand total. The highest total number of
beads including all tissues was retrieved after i.t. and i.n.
inoculation, whereas the lowest number of beads was
retrieved after i.o. inoculation (Figure 1A).

After i.t. inoculation, the highest number of beads was
detected in trachea, but we found large numbers in lung and
NALT tissues as well. Low numbers of beads were detected
in air sacs, HG, CALT, oesophagus and blood. In chickens
that were i.n. inoculated, beads were primarily retrieved
from NALT and lung and low numbers of beads were
retrieved from air sacs, HG, CALT, oesophagus, blood and
trachea. The lowest number of beads was retrieved after i.o.
inoculation and beads were primarily retrieved from HG,
CALT and NALT. Low numbers were present in trachea, air
sacs, lung and oesophagus. Interestingly, low numbers of
beads were detected in blood of i.t. and i.n. inoculated
chickens, but not in blood of i.o. inoculated chickens
(Figure 1B, showing relative distribution of beads and
Figure 1C, showing absolute numbers of beads).

Because the highest number of beads was consistently
retrieved after i.n. inoculation and the beads were detected
not only in NALT and lung but also in the eye-associated
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Figure 1. Distribution of beads after different routes of inoculation. (A) Total number of beads retrieved. At 1 h after i.t., i.o. or i.n.
inoculation of control beads. (B) Pie charts indicate relative distribution over the different organs. (C) Absolute numbers of beads retrieved
from the different organs. Data are depicted as mean + SEM from four chickens. *p < 0.05.
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lymphoid tissues (HG and CALT), the i.n. route was used to
study differences between distribution patterns of control
(non-immunogenic) and immunogenic NDV-coated beads.
We then tested whether the distribution of immunogenic

beads would differ from distribution patterns of non-
immunogenic beads. To do so, beads were coated with
inactivated NDV and chickens were i.n. inoculated with
uncoated or NDV-coated beads. Distribution of beads, both
intracellular and extracellular, was determined at 1 h post-
inoculation (pi) and after 6 h pi.
At 1 h pi, a lower number of NDV-coated beads was

detected as compared to uncoated beads in all organs. The
biggest differences were observed in lungs. Numbers of
beads did not change between 1 h pi and 6 h pi, except for a
decrease in number of beads in lungs of chickens inoculated
with uncoated beads (p = 0.025; Figure 2).

NDV-coated beads are preferentially taken up by NALT
APC. We analysed the phenotype of APC after i.n.
inoculation with control beads or with NDV-coated beads.
Chickens were i.n. inoculated and phenotypes of respiratory
tract APC subsets were characterized at 1 h pi, 6 h pi and 24
h pi.
We first characterized the phenotype of the total popula-

tion of NALT cells, which includes epithelial cells as well.
Examples of FACS plots are shown in Figure 3A. Viable
cells were gated based on FCS-SSC profile and this gate
will contain both lymphocytes and epithelial cells. FITC
(KUL01 in this example)-positive cells and PE (CD40 in
this example)-positive cells (middle plot) were gated based
on comparison with unstained control and conjugate control
samples (right plot). As observed before in lung cells (de
Geus et al., 2012a), the KUL01+ cells in NALT expressed
CD40. Within the total population of NALT cells no
significant differences in percentages of KUL01-expressing
cells were detected between the uncoated bead group and
the NDV-coated bead group (Figure 3B). Although the
percentages of MHC II-expressing cells did not differ
significantly between the experimental groups (Figure 3C),
the cell surface expression of MHC II in the NDV-coated
bead group differed significantly. At 1 h pi in the NDV-
coated bead group the expression of MHC II was higher
when compared to the control group (Figure 3D), whereas
at 24 h pi, the cell surface expression of MHC II was
significantly lower in the NDV-coated beads group when
compared to the control group (Figure 3D). Another

indication of increased activation is expression levels of
CD40. But in contrast to the level of MHCII expression no
differences in the percentage of CD40+ cells (Figure 3E)
nor in the expression levels per cell were detected between
the treatment groups (Figure 3F).

We then continued to analyse the phenotype of
bead+ NALT cells. Examples of FACS plots are shown in
Figure 4A. Again gates were set by comparing plots with
unstained control and conjugate control samples (right plot).
Both types of bead were efficiently taken up by NALT
phagocytic cells (Figure 4B). One hour after inoculation
with control beads, within the population of bead+ cells
percentages of KUL01+ cells (Figure 4C), MHC II+ cells
(Figure 4D) and percentages of CD40+ cells (Figure 4F)
were lower in bead+ NALT cells when compared to NDV-
coated bead+ cells of chickens. These differences were less
pronounced at 6 h pi and had disappeared after 24 h. At all
time points after inoculation with NDV-coated beads, ~80%
of bead+ cells expressed KUL01, MHC II and CD40. Cell
surface expression levels of MHC II and CD40 did not
differ between the two experimental groups, although at 24
h pi MHC II surface expression was increased in both
groups (Figure 4E and G, respectively). In conclusion, at
early time points (1 and 6 h pi) the uncoated beads were
taken up more rapidly. Cells that took up NDV-coated beads
express markers that are indicative for APC, both macro-
phages and dendritic cells. Although no marker for epithe-
lial cells was included, these data suggest that the uncoated
beads were likely to be taken up by epithelial cells whereas
the NDV-coated beads were taken up by APC.

In earlier experiments, beads were detected in lung and
eye-associated lymphoid tissues of i.n. inoculated chickens
(Figures 1 and 2). In line with those findings, low numbers
of bead+ cells were detected both in lung and in pooled HG
and CALT (data not shown). Furthermore, no differences
were found in phenotype of blood mononuclear cells (data
not shown).

Discussion

To study how a mucosally applied vaccine distributes
over different mucosal tissues, we characterized deposition
patterns of beads after different routes of inoculation.
As the NALT is expected to be an important inductive site
after mucosal vaccination, we characterized the phenotype of
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NALT APC subsets after i.n. inoculation with control beads
or with NDV-coated beads as a model for a viral antigen.

Currently used vaccines against respiratory pathogens are
not always protective in field situations. Possible explana-
tions for vaccine failure include infection with heterologous
viruses and inadequate storage or application of the vaccine
(de Wit et al., 2010, Dortmans et al., 2012, Miller et al.,

2013). For the development of novel vaccines, more
information is needed on deposition and subsequent uptake
by APC after mucosal application of a vaccine. In industry,
vaccines are commonly applied using spray or aerosol or
via eye drop application. We have retrieved the highest
number of beads after i.t. or i.n. application and the lowest
numbers after i.o. application.

Figure 3. Phenotype of total NALT APC after inoculation with control beads or NDV-coated beads. Control beads and NDV-coated beads
were administered i.n., and the phenotype of the total population of cells in NALT was determined at different time points (1 h, 6 h and 24 h)
pi. (A) Representative FACS plots showing forward light scatter/SSC gating on viable cells (left plot), gating for KUL01+CD40+ and for
CD40+.(middle plot) and controls for setting gates (right plot). (B) Percentage KUL01+ cells of total NALT cells. (C) Percentage of MHC II
+ cells and (D) mean fluorescent intensity, indicating cell surface expression levels of MHC II. (E) Percentage of CD40+ cells and (E) mean
fluorescent intensity for cell surface expression levels of CD40. Data are depicted as mean ± SEM, and each group consisted of four
chickens. *p < 0.05 when compared with the indicated group.
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In avian species, the anatomy of the nasal cavity and
NALT has been described previously (Ohshima & Hira-
matsu, 2000, Kang et al., 2013, 2014), but the phenotype of

NALT resident APC subsets has not been studied. In mice
and in humans, NALT is considered to play an important
immune-inductive role (Zuercher et al., 2002, Fukuiwa

Figure 4. Phenotype of NALT bead+ APC after inoculation with control beads or NDV-coated beads. Control beads and NDV-coated
beads were administered i.n. and the phenotype of bead+ cells in NALT was determined at different time points (1 h, 6 h and 24 h) pi. (A)
Representative FACS plots showing gating on bead+ cells (left plot), gating for KUL01 and CD40 within the population of bead+ cells
(middle plot) and unstained/conjugate control sample (right plot). (B) Percentage bead+ cells. (C) Percentage KUL01+ cells within the bead
+ population. (D) Percentage of MHC II+ cells and (E) cell surface expression levels of MHC II. (F) Percentage of CD40+ cells (left) and
(G) cell surface expression of CD40. Data are depicted as mean ± SEM and each group consisted of four chickens. *p < 0.05 compared with
the indicated group.
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et al., 2008, Brandtzaeg, 2011). In humans (Jahnsen et al.,
2004) and in mice (Fukuiwa et al., 2008), DC are located
strategically beneath the epithelium, where they can sample
the nasal cavity. After i.n. vaccination with OVA + Flt3L,
NALT DC efficiently activated OVA-specific T cells
(Fukuiwa et al., 2008) and these DC are important for
induction of mucosal IgA responses (Fukuyama et al.,
2013). Also in the chicken, the NALT could be an important
inductive site for mucosal immune responses. We observed
high percentages of KUL01+, MHC II+ and CD40+ bead+
cells at early time points after i.n. inoculation with NDV-
coated beads. Probably these virus-coated beads are prefer-
entially taken up by APC subsets, although we cannot
formerly distinguish DC from macrophages using these
antibodies, whereas at early time points control beads are
taken up most likely by epithelial cells. Possibly, the NDV-
coated beads can be recognized and/or taken up via more or
different pattern-recognition receptors compared to
uncoated beads, resulting in a preferential uptake by APC
or enhanced trans-epithelial transport. In mice it was shown
that vaccine transport across follicle-associated epithelium
into the lymphoid tissues was enhanced by stimulating
TLR4 signalling, resulting in higher concentrations of the
vaccine in NALT (Fernandez et al., 2011). Uptake of NDV-
coated beads by NALT APC did not result in upregulation
of MHC II and CD40 expression, although MHC II cell
surface expression was increased at 24 h pi in both groups
(Figure 4). However, in the total population of NALT cells,
upregulation of MHC II expression was observed 1 h after
inoculation with NDV-coated beads (Figure 3).

After i.n. application, beads were deposited not only in
the nasal cavity, but also in the eye-associated lymphoid
tissue, probably as a result of transport via the lachrymal
duct. It has been described previously that the lachrymal
duct is a two-way system and after nasal vaccination ocular
immune responses can be detected in rabbits (Chentoufi
et al., 2010). Beads were also detected in the lung.
Therefore, we expect that APC subsets in eye-associated
lymphoid tissues and lung can be activated as well after i.n.
vaccination. Indeed, in our experiments beads were detected
in those tissues and also low percentages of bead+ cells
were present, although the numbers of bead+ cells were not
sufficient to determine the phenotypes of these cells.
Interestingly, after i.n. application of both control beads
and NDV-coated beads we found low numbers of bead+
cells back in blood. This was not observed after i.t.
inoculation (de Geus et al., 2012a). One could speculate
that systemic responses could be induced at early time
points after i.n. vaccination, but less so after i.o. vaccina-
tion. It does not seem likely that beads end up in blood as a
result of damage caused by the i.n. inoculation procedure as
a droplet is pipetted onto the nostril and not directly into the
nasal cavity. More likely, beads can be transferred across
the epithelial layer and directly enter the circulation because
the nasal mucosal layer is thin and well vascularized.

In summary, to study the distribution of a vaccine after
mucosal application we have characterized how antigen that
is applied via different routes in the head region is
distributed over the local mucosal tissues by measuring
the distribution of beads after different routes of application.
The highest number of beads was retrieved after i.n.
inoculation and using this route high numbers of beads
were found in NALT, lung and eye-associated lymphoid
tissues. Both control and NDV-coated beads were effi-
ciently taken up by NALT cells and low numbers of bead+
cells were detected in lung, in eye-associated lymphoid

tissue and in blood. NDV-coated beads were preferentially
taken up by APC based on the detection of increased
percentages of KUL01+, MHC II+ and CD40+ cells,
whereas control beads may have been taken up more often
by epithelial cells.

Although high numbers of beads were detected after i.n.
vaccination, high numbers were lost as well. The NDV-
coated beads were efficiently taken up by APC, but uptake
of these beads did not result in strong activation of the APC.
Therefore, adjuvants will often be needed for inactivated
mucosal vaccines.
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