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Background The threat posed by swine influenza viruses with

potential to transmit from pig populations to other hosts,

including humans, requires the development of new experimental

systems to study different aspects of influenza infection. Ex vivo

organ culture (EVOC) systems have been successfully used in the

study of both human and animal respiratory pathogens.

Objectives We aimed to develop an air interface EVOC using

pig tracheas in the study of influenza infection demonstrating that

tracheal explants can be effectively maintained in organ culture

and support productive influenza infection.

Methods Tracheal explants were maintained in the air interface

EVOC system for 7 days. Histological characteristics were analysed

with different staining protocols and co-ordinated ciliary

movement on the epithelial surface was evaluated through a bead

clearance assay. Explants were infected with a swine H1N1

influenza virus. Influenza infection of epithelial cells was

confirmed by immunohistochemistry and viral replication was

quantified by plaque assays and real-time RT-PCR.

Results Histological analysis and bead clearance assay showed

that the tissue architecture of the explants was maintained for up

to 7 days, while ciliary movement exhibited a gradual decrease

after 4 days. Challenge with swine H1N1 influenza virus showed

that the EVOC tracheal system shows histological changes

consistent with in vivo influenza infection and supported

productive viral replication over multiple cycles of infection.

Conclusion The air interface EVOC system using pig trachea

described here constitutes a useful biological tool with a wide

range of applications in the study of influenza infection.
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Introduction

Influenza A virus is the most significant worldwide respira-

tory pathogen, infecting a range of species that includes

humans, pigs, horses, sea mammals and birds.1 Influenza

viruses are divided into different subtypes based on the

antigenic reactivity of their two surface glycoproteins, the

haemagglutinin and the neuraminidase. So far, 16 different

haemagglutinin (H1–H16) and nine neuraminidase (N1–

N9) subtypes have been identified among all influenza A

viruses.2 Waterfowl, shorebirds and gulls are considered the

natural hosts of all influenza subtypes, from which mam-

malian influenza viruses are directly or indirectly derived.1,3

Influenza infection in humans and pigs is primarily

restricted to the upper and lower respiratory tract with viral

replication occurring in the epithelial cells present on the

surface of the respiratory mucosa.4 The acute phase of

infection is characterized by a multifocal destruction of the

epithelium with cellular desquamation to the luminal space,

which may often lead to patches along the mucosa with few

or no epithelial cells over the basement membrane. It is also

associated with the presence of oedema, vascular conges-

tion, hyperaemia and infiltration of inflammatory cells into

the submucosa underlying the epithelial layer.4,5 The pres-

ence of both N-acetylneuraminic acid-a2,3-galactose (Neu-

Aca2,3Gal) and NeuAca2,6Gal receptors in the pig

respiratory tract makes this species susceptible to most

human and avian influenza viruses.6,7 For this reason, pigs

have been proposed as a ‘mixing-vessel’ for reassortment

between human and avian viruses.3,6–8 The significance of

cross-species transmission of swine influenza viruses to

humans is underscored by the recent human influenza out-

break with an H1N1 of possible swine origin.9,10

In addition to being important natural hosts, pigs consti-

tute a valuable animal model for the study of influenza

infection,5,11 as virus may be transmitted experimentally to
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in-contact animals and they can exhibit clinical signs, his-

topathology and cytokine expression profiles comparable to

influenza infection in other species.3–5,11,12 In vivo studies

have provided valuable information on clinical course, viral

pathogenesis, innate and acquired immune responses, vac-

cine efficacy and antiviral treatment.4,5,13–15 However, such

studies are greatly affected by animal welfare considerations

and logistical constraints. To overcome such constrains, in

vitro systems that involve either established or primary cell

lines have been widely used,16,17 but such systems usually

lack the natural physiological context present in the respi-

ratory mucosa, such as cell polarization, coordinated ciliary

activity, mucus production and apical contact with air.

Ex vivo organ cultures (EVOC) of tracheal explants with

an air interface system have been successfully developed and

used in the study of both human and animal respiratory

pathogens.18–30 Such systems reproduce, to a great extent,

the physiological conditions and the cellular complexity of

the respiratory mucosa of the host in a highly controlled set-

ting. The three-dimensional structure and cell diversity of

the respiratory mucosa is preserved together with important

physiological features like normal expression levels of cell

receptors, effective mucus production and ciliary activ-

ity.18,23,27 Moreover, EVOC systems allow a quantitative

analysis of the effects of pharmacological agents (i.e. antiviral

drugs) and ⁄ or the host innate response on infection dynam-

ics.23,27,31 In addition, tissue collected from a single animal

can be used in numerous replicas, which reduces the experi-

mental variability and the number of animals used, following

the principles of (reduction, replacement and refinement

(3Rs) in animal experimentation.32

In this study, we developed a swine tracheal EVOC sys-

tem for the study of influenza virus infection. Swine tra-

cheal explants infected with a contemporary avian-like

swine H1N1 virus supported productive infection and

exhibited histopathological changes consistent with in vivo

influenza infection. Overall, this system constitutes a useful

physiologically relevant model for the study of influenza

infection in a scalable, well-defined and controlled experi-

mental setting.

Material and methods

Air interface EVOC of pig trachea

Tissue collection and preparation
Weaned pigs (6–8 weeks old), sourced from a Specific

Pathogen Free (SPF) closed herd serologically negative

against influenza virus, were killed by intravenous adminis-

tration of sodium pentobarbitone (0Æ8 mg ⁄ kg i.v. to effect).

Whole tracheas were aseptically collected and transported in

pre-warmed culture medium consisting of a 1:1 mixture of

Dulbecco’s modified Eagle’s medium (DMEM) and Roswell

Park Memorial Institute (RPMI) 1640 medium supple-

mented with penicillin (100 U ⁄ ml; Sigma), streptomycin

(50 lg ⁄ ml; Sigma, Dorset, UK), l-glutamine (10 mm; Sigma)

and amphotericin (2Æ5 lg ⁄ ml; Sigma). Once in the labora-

tory, tracheas were kept at 37�C in a 5% CO2–95% air mix-

ture in a humidified incubator. Four to six washes were

performed, over a period of 3 hours, by immersing the tissue

in fresh, warm DMEM ⁄ RPMI medium. The presence of bac-

terial flora was evaluated by inoculation of the final washing

medium in Brain Heart Infusion Broth (Oxoid, Hampshire,

UK) with further incubation at 37�C for 72 hours.

Preparation of the tracheal explants
After the washing steps, the surrounding connective tissue

present exterior to the tracheal cartilage was removed and

tracheas were opened and cut lengthways into four strips.

Each segment, incorporating the respiratory mucosa and

underlying cartilage, was then cut into approximately

1Æ0 · 0Æ5 cm explants and placed on a square section of ster-

ile filter paper, which was in turn placed onto agarose plugs

in 6-well plates with the medium bathing the filter paper and

the basal portion of the explants, as described previously.29

Explants were maintained at 37�C in a 5% CO2–95% air

mixture in a humidified incubator for up to 7 days.

Histological evaluation
Tissue samples were fixed in 10% (v ⁄ v) buffered formalin

and paraffin-embedded. Five micrometre sections from

across each explant were subject to haematoxylin–eosin,

periodic acid-Schiff and Van Gieson staining.

Epithelial layer thickness
Haematoxylin–eosin stained slides were used to measure

the thickness of the epithelial layer using ImageJ software

(http://rsbweb.nih.gov/ij/). Five randomly selected fields

across each section were measured and statistical signifi-

cance was assessed by analysis of variance using Prism 5

(Graphpad Software, La Jolla, CA, USA).

Bead clearance assay
Five microlitres of an emulsion of 1 lm diameter polysty-

rene microsphere beads (Polybead microspheres, Poly-

sciences Inc., Northampton, UK) were pipetted onto the

epithelial surface of the explants, and bead clearance was

evaluated at 10, 20 and 30 minutes post-inoculation. The

assay was considered positive if the microbeads had been

completely cleared to one edge of the tissue.

Organ culture infection

Virus
A stock of avian-like swine H1N1 influenza virus (A ⁄ swine ⁄
England ⁄ 453 ⁄ 06) was grown in embryonated chicken eggs,
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aliquoted and stored at )80�C. The virus was isolated at

the Veterinary Laboratories Agency (VLA) from pigs suffer-

ing a respiratory disease outbreak in England in 2006. Viral

titres were determined by haemagglutination assays using

adult chicken erythrocytes and plaque assays on Madin-

Darby Canine Kidney (MDCK) cells.33

Organ culture inoculation
Viral inoculations were performed in triplicate in three

independent experiments, with doses ranging from

2Æ5 · 101 to 2Æ5 · 106 plaque forming units (pfu). Five

microlitres of viral suspension was applied onto the epithe-

lial surface of the explants. Culture medium was used for

mock-infected controls. Inoculated explants were sampled

every 24 hours for histology, bead clearance assays and

viral quantification.

Immunohistochemistry
Re-hydrated sections were treated with 3% H2O2 in methanol

for 15 minutes at 22 ± 3�C for endogenous peroxidase

blocking, washed twice in tap water and incubated with

Pronase XXIV (MenaPath, Wokingham, UK) for 10 minutes

at 22 ± 3�C for antigen retrieval. After two washes with dis-

tilled water, sections were blocked with 1Æ5% donkey serum

in Tris Base Saline buffer (TBS) for 20 minutes and incubated

overnight at 4�C with a chicken anti-swine influenza poly-

clonal antibody (1:4000) kindly provided by VLA-Weybridge.

Slides were washed twice for 5 minutes with 0Æ05% Tween 20

in TBS (TBS ⁄ T) and incubated for 1 hour at 22 ± 3�C with a

donkey anti-chicken IgY biotin-labelled antiserum (1:200 in

blocking buffer; Jackson Immunoresearch Europe Ltd, New-

market, UK). Sections were washed twice in TBS ⁄ T, incu-

bated for 30 minutes with Vectastain Elite ABC reagent

(Vectastain Elite ABC Kit, Vector Laboratories Peterborough,

UK) prepared following the manufacturer’s instructions,

then washed twice with TBS ⁄ T (5 minutes each). Colour

development was carried out by incubation with SIGMA-

FAST� solution (Sigma) for 10 minutes. Slides were

counterstained with Mayer’s haematoxylin, dehydrated

and mounted with DPX mounting medium.

Virus isolation
Inoculated explants were immersed in 1Æ5 ml of sterile

phosphate-buffered saline (pH 7Æ4) and shaken in a

Mixer Mill MM300 (Retsch, Leeds, UK) at 20 Hz for

10 minutes at 4�C, followed by centrifugation at 16 200 g

for 10 minutes. The collected supernatant was used in

plaque assays (performed in triplicate) in MDCK cells.

Results were expressed as arithmetic mean pfu ⁄ ml.

Quantification of viral copy number by real-time RT-PCR
RNA extraction and reverse transcription. Inoculated ex-

plants were disrupted in 1 ml of Trizol� Reagent (Invi-

trogen) using a Mixer Mill� MM300 (Retsch, Leeds,

UK). RNA extractions were performed according to the

manufacturer’s instructions, with slight modifications:

after the phase separation step, the aqueous phase con-

taining the RNA fraction was transferred to a new tube

and purified with RNeasy Mini Kit (Qiagen, Crawley,

UK). cDNA synthesis from 50 ng of total RNA was

performed with SuperScript� III Reverse Transcriptase

(Invitrogen, Paisley, UK), according to the manufacturer’s

instructions, using the specific primer for the influenza

matrix segment described in Hoffmann et al.34

Real-time RT-PCR. Viral copy numbers were estimated

using a real-time quantitative RT-PCR (qPCR) assay35 run

in a Corbett Rotor Gene 3000 (Corbett Research,

Mortlake, Australia). Cycle parameters were: 15 minutes at

95�C, followed by 45 cycles of 15 seconds at 94�C and

60 seconds at 60�C, with fluorescence acquisition in the

last step. Standard curves were generated using 10-fold

dilutions of a plasmid containing the target sequence of

the influenza matrix segment, ranging from 1 · 102 to

1 · 108 copies per microlitre. For each run, all samples,

as well as the no-template controls, plasmid standards,

and positive and negative controls were run in triplicate

and expressed as the arithmetic mean number of vRNA

copies per microlitre of cDNA.

Results

Tracheal explants maintain normal histological
architecture for up to 7 days, with progressive loss
of ciliary activity
Uninfected tracheal explants preserved their normal his-

tology without major alterations for up to 7 days after

removal from the animal (Figure 1A–E), with signs of

sporadic cell degeneration in the transitional layers

between the epithelium and the submucosa. The overall

structure of both the pseudostratified columnar epithe-

lium, and the underlying lamina propria were main-

tained. A progressive increase in the amount of mucus

on the epithelial apical surface was observed from day 3

onwards (Figure 1D,E). Periodic acid-Schiff staining

showed that explants maintained overall carbohydrate lev-

els (Figure 2A–D). Van Gieson staining showed that the

elastic fibres present in the submucosa had a wave-like

form after day 4 indicating a small level of fibre relaxa-

tion (Figure 2E–H). The average thickness of the epithe-

lium did not change significantly (P = 0Æ4) for the

duration of the organ culture (Figure 3A). A bead clear-

ance assay was used to evaluate co-ordinated ciliary

activity. Tracheal explants were tested immediately after

collection and every 24 hours thereafter. Beads were

cleared in less than 30 minutes in all pieces examined.

However, a progressive increase in the time for complete

Influenza infection in a pig tracheal EVOC system
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bead clearance was observed from day 4 onwards (Fig-

ure 3B).

Infected swine tracheal explants display similar
histopathology to that observed in in vivo
influenza infection
Tracheal explants were infected with avian-like swine

H1N1 influenza virus (A ⁄ swine ⁄ England ⁄ 453 ⁄ 06). A high

dose (2Æ5 · 106 pfu) was initially used to attempt to

ensure viral infection of the majority of susceptible cells.

Mock-infected pieces displayed normal histological

appearance as described above (Figure 4A,C). Infected

explants (Figure 4B,D) exhibited histopathological changes

compatible with in vivo influenza infection,4,36 including

loss of cilia at the apical surface, shrinking and vacuoli-

zation of epithelial cells with signs of destruction and

desquamation and the presence of cellular debris in the

mucus of the epithelial surface. Furthermore, a significant

difference in the thickness of the epithelial layer between

mock and virus-infected was observed (P < 0Æ0001) with

a marked reduction at day 1 post-infection (pi) (Fig-

ure 4E). Ciliary-mediated bead clearance was reduced

24 hours pi and completely absent at day 5 (Figure 4F).

Viral antigen was detected in infected explants by immu-

nohistochemistry. The distribution of positive cells was

relatively widespread throughout the whole section and

was limited to the epithelial layer (Figure 5A). Positive

staining was predominantly seen in the nucleus, but with

some also in the cytoplasm (Figure 5B). Viral antigen

was also detected between the cilia and in aggregates of

mucosal material present at the surface of the epithelium.

In subsequent infections with a lower dose of virus

(2Æ5 · 102 pfu) the pattern of cells with positive staining

remained evenly distributed across the tissue section (Fig-

ure 5C,D).

Kinetics of viral infection
To determine if the swine tracheal explants supported pro-

ductive viral replication, explants were infected with

2Æ5 · 102 pfu of swine influenza virus and maintained in

organ culture for 5 days. Infectious extracellular virus

extracted from the epithelial surface was quantified in pla-

que assays in MDCK cells. A marked increase in the

amount of infectious virus was observed 24 hours pi, when

the number of infectious units increased by approximately

10-fold when compared with virus recovered immediately

after infection. Viral titres consistently increased by 3 log10

on day 2 and remained stable up to day 4 pi (at c

6Æ4 log10) followed by a small decline by day 5 pi (Fig-

ure 5E), showing that tracheal explants support productive

viral infection.

A qPCR assay to measure intracellular and extracellular

virus was used as a complementary method to assess infec-

tion kinetics. To this end, explants were inoculated with

2Æ5 · 101, 2Æ5 · 102 or 2Æ5 · 104 pfu, and maintained in

organ culture for 5 days. Viral quantification showed that

A B

D E

C

Figure 1. Representative light photomicrograph of sections of explants maintained in the ex vivo organ culture system for 0 (A), 1 (B), 3 (C), 5 (D)

and 7 days (E). EP - epithelium; LP - lamina propria; SM - submucosa; CA -cartilage. Sections were stained with haematoxylin and eosin (200·
magnification). Cilia (white arrow) and mucus (black arrow) are shown in the apical surface of epithelial cells.

Nunes et al.
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infection kinetics was dose dependent (Figure 5F–H). In

explants inoculated with 2Æ5 · 104 pfu, the peak viral load

was observed at day 1 pi. This was reduced at day 3 pi but

then there followed a resurgence in copy number by day 5

pi (Figure 5F). Inoculation with 2Æ5 · 102 pfu showed a

different pattern of infection in which the peak shifted to

A B C D

E F G H

Figure 2. Representative light photomicrograph of sections of explants maintained in the ex vivo organ culture system for 0 (A, E), 1 (B, F), 4 (C, G)

and 7 days (D, H). Sections were stained with periodic acid-Schiff (A–D), black arrows indicating goblet cells, or Van Gieson (E–H) showing elastic

fibres stained black in the submucosa (200· magnification).

Figure 3. Mean epithelial layer thickness (A) and percentage of tracheal explants clearing microbeads within specified times (B) over the course of

7 days in the ex vivo organ culture system. Data are represented as means + SD (error bars) of three independent experiments.

Influenza infection in a pig tracheal EVOC system
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day 3 pi, with a higher viral copy number than the one

observed when a higher dose was used (Figure 5G). Viral

RNA was detected at day 2 pi in explants inoculated with

the lowest dose (2Æ5 · 101 pfu) and a marked increase in

viral copy number was observed at days 4 and 5 pi (Fig-

ure 5H).

A B

E

FC D

Figure 4. Representative light photomicrographs of sections from swine trachea stained with haematoxylin–eosin (A–D). Mock infected explants at

day 1 (A) and day 3 (C) post-infection compared with influenza-infected explants (B, D) showing loss of cilia at the apical surface with signs of

destruction and desquamation of epithelial cells and the presence of cellular debris in the mucus of the epithelial surface (200· magnification). Mean

epithelial thickness measurements of mock-infected and infected explants (E) and percentage of infected tracheal explants clearing microbeads within

specified times (F) over the course of 7 days. Data are represented as mean + SD (error bars) of three independent experiments.

A

B

E

F

G

H

C

D

Figure 5. Representative light photomicrograph of sections of explants infected with H1N1 swine influenza virus stained by immunohistochemistry

and counterstained with Mayer’s haematoxylin. Day 1 post-infection (pi) with 2Æ5 · 106 pfu (A), with a close-up (B). Day 1 (C) and day 3 (D) pi with

2Æ5 · 102 pfu. Swine influenza antigen is stained brown. [200· (A) and 400· (B–D) magnification]. White arrows show nuclear staining and black

arrows cytoplasmic antigen staining. Viral quantification of extracellular infectious virus by plaque assay in MDCK cells (E) with 1Æ25 · 102 pfu

inoculum and by quantitative real-time PCR with an inoculum of 2Æ5 · 104 (F), 2Æ5 · 102 (G) and 2Æ5 · 101 pfu (H). Day 0 corresponds to a time

point immediately after inoculation. Data are represented as means + SD (error bars) of three independent experiments.

Nunes et al.
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Discussion

We have established an ex vivo air interface tracheal organ

culture for the study of influenza viruses which could also

be used to study other respiratory pathogens. EVOC sys-

tems have been developed previously for the study of respi-

ratory pathogens using human, swine, bovine, canine and

horse respiratory tissue.18,20,23,25,27,29,30 The experimental

value of the tracheal explants described here is illustrated

by the preservation of good levels of both histological and

functional features for seven consecutive days, and by

showing productive infection with an avian-like swine

H1N1 virus.

A vast body of knowledge in influenza biology has been

generated using diverse experimental systems, each possess-

ing advantages and disadvantages. In vivo studies have

provided valuable data on influenza pathogenesis,

although detailed information about quantitative infection

dynamics and the host innate immune response is still

scarce.1,3–5,15,37,38 For respiratory pathogens in particular,

samples are usually collected by nasal swabs or bronchoal-

veolar lavage, which may not fully reflect the tissue-specific

bacterial and viral infection dynamics occurring throughout

the respiratory tract, making it difficult to dissect regional

tissue-specific effects from generalized systemic responses.

Cell culture systems, using epithelial cells from the respira-

tory mucosa, may lack key physiological features such as

cell polarization, reliable expression levels of cellular surface

receptors or the intricate relationships between the different

cell types present in the respiratory tract.39 Primary cell

cultures are difficult to establish, possess an inadequate dis-

tribution of the different cell types and become altered after

a limited number of passages. Established continuous cell

lines are by definition aberrant and usually belong to a cell

type different to the natural target cells and, in some cases,

are derived from a species different from the natural host.

Ex vivo organ cultures provide an alternative solution.

Nasal mucosa27 and tracheal explants39 immersed in cell

culture medium have been used previously for the study of

influenza infection. However, using this technique cells are

subjected to submersion-related stress and to a continuous

source of infecting pathogen as the inoculum remains in

the cell culture medium.22

The tracheal organ culture described here exhibits several

advantages compared with submerged organ cultures, cell

cultures or in vivo studies. First, in an air interface system

the explants are exposed basolaterally to culture medium

and the apical cell surface is exposed to the air. The three-

dimensional structure of the tissue as well as the interac-

tions among cells is preserved. In particular, the cells of the

epithelial lining of the trachea maintain the same morpho-

logical appearance, differentiation and polarity as described

in the living host. In contrast to submerged systems, once

explants are inoculated, re-infection from the culture med-

ium or other components of the system is rare. The

absence of a blood supply constitutes a weakness of the air

interface EVOC system as recruitment of cells of the

immune system to the infection site is abrogated. However,

such a potential pitfall might be turned to advantage and

used to dissect the effects of innate and intrinsic immu-

nity.40

In this study, the overall histology of the explants was

preserved for 7 days with no significant differences in the

thickness of the uninfected epithelium. This is consistent

with previous reports of similar systems in which explants

of respiratory tissue from different species have been main-

tained for variable periods of time, ranging from 60 hours

to 5 days.23,25,27

Mucus production provides an important nonspecific

defence against viral infections.41,42 During the initial wash-

ing steps in setting up the explants, a majority of the

mucus is removed from the epithelial surface. However,

mucus is produced de novo by goblet cells throughout the

duration of the organ culture, and thus the physiological

conditions present in the living host are maintained in this

regard.

We also evaluated the function of the mucociliary escala-

tor system, and thus also of co-ordinated ciliary function

of the tracheal explants, using a simple bead clearance

assay. For beads to be cleared from the surface of the organ

culture piece, individual cilia must beat in a coordinated

manner across the epithelial surface with mucus acting as a

vehicle to transport unwanted particles away from where

the alveoli would have been in a wave-like motion towards

where the larynx would have been.43 By using the bead

clearance assay, we were able to distinguish between small

patches of ciliary movement and truly coordinated ciliary

activity, an important measure of the robustness of the sys-

tem. The increase in the clearance time observed at later

time points in uninfected explants may be associated with

changes in pH, or energy limitations of the tissue.

Although the supplemented culture medium contains most

of the essential components required for survival of the

explants, it may not constitute a complete substitute for

the nutrients available from the living host.

Infection of swine tracheal explants with A ⁄ swine ⁄ Eng-

land ⁄ 435 ⁄ 06 (H1N1) resulted in productive infection with

histopathological and immunohistochemical patterns con-

sistent with those observed in influenza infections of both

humans and pigs.3,4,13,36 As expected, infection kinetics was

dose dependent: when using a high dose of virus we

observed a mild infection that peaked bimodally at day 1

and day 5 pi. With an intermediate dose, a single peak

occurred at day 3 pi, whereas the lowest infection dose

resulted in detectable virus at day 2 pi, followed by a

subsequent rise in copy number at later time points. Such

Influenza infection in a pig tracheal EVOC system
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distinct patterns might be related to differential levels of

innate immune response, as well as to the initial number

of susceptible target cells. A large inoculum would be

expected to infect most of the susceptible cells and viral

replication may also trigger a massive innate immune

response, resulting in a small number of susceptible cells

available for a second round of viral replication. Once the

antiviral signalling molecules are depleted, the remaining

infectious particles can infect the susceptible cells, and this

would be consistent with the second rise in virus titres

observed at day 5 (Figure 5F). Although a second round of

infection could not be ruled out, the peaks are too sepa-

rated in time for this to be likely. A smaller dose of virus

might trigger a milder innate immune response, restricted

to neighbouring cells, allowing the virus to infect a larger

number of cells over multiple rounds of infection. Accord-

ingly, the kinetics of infection with the lowest viral dose

displayed a marked shift to the right because more replica-

tion cycles were required to infect all or most of the sus-

ceptible cells. Further experiments that incorporate the

quantification of cytokine expression will help to test this

hypothesis.

In our study, an influenza virus of swine origin was used

in the validation of the pig trachea EVOC system. Future

studies, including viruses of different subtypes isolated

from diverse hosts, should be performed to evaluate the

susceptibility of pig trachea to influenza infection and to

study the mechanisms underlying any possible host-specific

specificity.

In summary, the EVOC system constitutes a useful bio-

logical tool with a wide range of possible applications for

the study of influenza infection, including the evaluation of

mutants obtained by reverse genetics, the study of natural

variability and reassortment events, the effects of antiviral

drugs in natural target cells, investigation of host suscepti-

bility and range of influenza viruses and the development

of mathematical models of infection dynamics. When pos-

sible, EVOC systems should be considered as an alternative

to in vivo experiments, applying the principles of 3Rs in

animal experimentation.
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