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Measles virus (MV) is typically spread by aerosol droplets and enters via the respiratory tract. The
progression of MV infection has been widely studied; yet, the pathway for virus entry in polarized human
airway epithelia has not been investigated. Herein we report the use of a replication-competent Edmonston
vaccine strain of MV expressing enhanced green fluorescent protein (MV-eGFP) to infect primary cultures of
well-differentiated human airway epithelia. Previous studies with polarized Caco-2 cells (intestine-derived
human epithelia) and MDCK cells (kidney-derived canine epithelia) demonstrated that MV primarily infected
and exited the apical surface. In striking contrast, our results indicate that MV preferentially transduces
human airway cells from the basolateral surface; however, virus release remains in an apical direction. When
MV-eGFP was applied apically or basolaterally to primary cultures of airway epithelia, discrete foci of eGFP
expression appeared and grew; however, the cell layer integrity was maintained for the duration of the study
(7 days). Interestingly, utilizing immunohistochemistry and confocal microscopy, we observed widespread
expression of the receptor for the vaccine strain of MV (CD46) at greatest abundance on the apical surface of
the differentiated human airway epithelia as well as in human tracheal tissue sections. These data suggest that
the progression of MV infection through the respiratory epithelium may involve pathways other than direct
binding and entry through the apical surface of airway epithelia.

Measles virus (MV) exemplifies the Morbillivirus genus in the
Paramyxoviridae family. Fever, cough, conjunctivitis, and the
appearance of a generalized rash characterize this highly con-
tagious disease (12). The primary infection with MV begins in
the respiratory tract; specifically, studies of experimentally in-
fected primates and human autopsy tissue show virus propa-
gation in tracheal and bronchial epithelial cells (22). Initiation
of infection occurs more readily in the conducting airways than
in the nasopharynx (10). The virus replicates locally in respi-
ratory epithelia and subsequently spreads to the lymphatic
system, possibly transported by phagocytic cells such as pul-
monary macrophages (17, 21). Although many human and
monkey cell types are permissive for MV infection in vitro,
virus replication is restricted to a few cell types in vivo (12).

Previous studies using monkey kidney cells (Vero C1008)
and human colon carcinoma cells (Caco-2) suggested that MV
preferentially enters polarized epithelial cells across the apical
surface (2, 3). Additionally, studies using Vero C1008, Caco-2,
and Madin-Darby canine kidney (MDCK) cells demonstrated
that MV is released from the apical membrane of polarized
epithelia (2, 3, 15, 18). Indeed, because MV is spread via an
aerosol route, it would also be hypothesized to enter the apical
surface of polarized airway epithelia. However, not all polar-
ized epithelia behave in the same way, and the airways in
particular have evolved barriers to viral infection (25).

The apical surface of airway epithelia presents a formidable

barrier to many viral vector systems currently under investiga-
tion for pulmonary gene therapy applications (29). To develop
a lentivirus vector capable of transducing the apical surface of
airway epithelia, we are investigating the pseudotyping of len-
tivirus vectors with envelope glycoproteins from respiratory
viruses that naturally enter via the apical surface of airway
epithelia. We hypothesized that the MV envelope glycopro-
teins (H and F) were excellent pseudotyping candidates for
multiple reasons. As mentioned above, previous in vitro evi-
dence demonstrated that MV preferentially enters polarized
epithelia across the apical surface. In addition, the MV viral
receptors are known and reagents to localize those receptors
are readily available (7, 24). However, before pseudotyping
experiments were performed, we sought to verify that MV
would transduce efficiently when applied to the apical surface
of primary cultures of well-differentiated human airway epi-
thelia.

To evaluate the polarity of MV entry in human airway epi-
thelia, we utilized a recombinant MV vaccine strain expressing
the enhanced green fluorescent protein (MV-eGFP) (8). Pre-
viously this recombinant, replication-competent virus was used
to monitor viral replication, in real time, in animal tissues (9).
In this study, we report the unexpected observation that MV
enters more efficiently from the basolateral surface than from
the apical surface of differentiated primary cultures of human
airway epithelial cells. In addition, the receptor for the vaccine
strain of MV, CD46, was abundantly expressed in the airway
cells and largely polarized to the apical surface as determined
by confocal microscopy. These data suggest that the MV may
require access to the basolateral surface of airway epithelia in
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vivo for efficient infection to occur. In addition, receptor lo-
calization may not be the limiting barrier to MV infection.

MATERIALS AND METHODS

Cell culture. Primary cultures of human airway epithelia were prepared from
trachea and bronchi by enzymatic dispersion by established methods (30).
Briefly, epithelial cells were dissociated and seeded onto collagen-coated, semi-
permeable membranes with a 0.4-�m pore size (Millicell-HA; surface area, 0.6
cm2; Millipore Corp., Bedford, Mass.). Human airway epithelial cultures were
maintained in Ultraser G (USG) medium at 37°C with 5% CO2. Millicell inserts
were placed into 24-well plastic cell culture plates (Costar, Cambridge, Mass.).
Twenty-four hours after seeding, the mucosal medium was removed and the cells
were allowed to grow at the air-liquid interface as reported previously (30). Only
well-differentiated cultures (�2 weeks old) were used in these studies. The
presence of tight junctions was confirmed by transepithelial resistance using a
volt-ohm meter (World Precision Instruments, Sarasota, Fla.; resistance, �500
�·cm2). This study was approved by the institutional review board of the Uni-
versity of Iowa.

Caco-2 cells were seeded onto the same semipermeable membranes as were
the airway epithelial cells. Caco-2 cells were maintained with USG medium
applied to both the apical and basolateral surfaces and incubated at 37°C with
5% CO2. The transepithelial resistance of all Caco-2 samples was �400 �·cm2

prior to infection with MV-eGFP.
Virus production and titer determination. MV-eGFP production was con-

ducted as previously described (8). Briefly, MV-eGFP was produced in Vero cells
cultured in Dulbecco’s modified Eagle’s medium (Gibco) containing 8% new-
born calf serum (Gibco) and penicillin-streptomycin (100 �g/ml). MV-eGFP
titers of approximately 107 50% tissue culture infective doses/ml were obtained.
To determine the polarity of viral release from airway epithelia, 500-�l washings
were collected from both the apical and basolateral surfaces of airway epithelia
at progressing time points. The time points included preinfection and 1, 3, 5, and
7 days post-MV-eGFP infection. Transepithelial resistances were concurrently
measured at the time points of wash collection. Washings were stored at �80°C
until they were collectively thawed and used to infect Vero cells at a limiting
dilution. Titers were calculated by counting eGFP-positive cells after 30 h.

Infection of polarized airway epithelial cells. MV-eGFP viral preparations
were diluted in USG medium, and 100 �l of the solution was applied to the apical
surface of airway epithelial cells (multiplicity of infection [MOI] of 1). After
incubation for 4 h at 37°C, the virus was removed and cells were further incu-
bated at 37°C, for indicated time periods. To infect airway epithelia with MV-

eGFP from the basolateral side, the Millicell culture insert containing the airway
epithelial culture was turned over and the virus was applied to the basolateral
surface for 4 h in 100 �l of USG medium. Following the 4-h infection, the virus
was removed and the culture was turned upright and allowed to incubate at 37°C
with 5% CO2 for the indicated time periods. A recombinant adenovirus vector
expressing eGFP (Ad5-eGFP), produced as previously described (1), was used as
a positive control.

Western blot analysis. Western blot analysis for verifying CD46 protein ex-
pression was conducted using standard techniques. Briefly, cell lysates were
denatured for 5 min at 100°C in Laemmli sample buffer, electrophoresed on
previously prepared 10% polyacrylamide gels (Bio-Rad; catalog no. 161-1155) at
125 V, and transferred to pure nitrocellulose (Bio-Rad; catalog no. 162-0145)
overnight at 200 mA. The membrane was probed with a rabbit anti-human CD46
primary antibody (courtesy of J. Atkinson, St. Louis, Mo.) at a 1:4,000 dilution
and detected using goat anti-rabbit immunoglobulin G conjugated to alkaline
phosphatase at a 1:1,000 dilution (Sigma; catalog no. A-3812).

Immunohistochemistry and confocal microscopy. Epithelial cells were washed
with 1� phosphate-buffered saline (PBS), fixed in 2% paraformaldehyde for 5 to
10 min, and rinsed with 1� PBS. The epithelial cells were then incubated for 30
min at 37°C with a rabbit anti-human CD46 antibody (tail2) (4) diluted 1:100 in
Hanks’ buffer (Gibco). The cells were washed with 1� PBS and incubated with
a tetramethyl rhodamine isocyanate (TRITC)-conjugated anti-rabbit 2° antibody
(Sigma; T6778) diluted 1:100 in 1� PBS for 30 min at 37°C. The primary and
secondary antibodies were always applied to both the apical and basolateral
surfaces. Tracheal tissues were paraffin embedded using standard techniques,
sectioned, and deparaffinized prior to immunostaining. Immunohistochemistry
assays of sectioned tracheal specimens were performed using the same protocol
as previously described for the epithelial cells. Images were captured with a
Bio-Rad MRC-1024 Hercules laser scanning confocal microscope equipped with
a Kr-Ar laser.

RESULTS

MV infection of human airway epithelia. We utilized a rep-
lication-competent vaccine strain of MV (Edmonston), which
expresses eGFP. MV-eGFP was applied at an MOI of 1 to the
apical or basolateral surface as described in Materials and
Methods. Surprisingly, we found that MV-eGFP preferentially
transduced the basolateral surface of human airway epithelia

FIG. 1. Polarity of MV infection in well-differentiated human airway epithelia. The apical or basolateral surfaces of human airway epithelia
were infected with MV-eGFP at an MOI of 1 for 4 h and allowed to incubate for 2 or 7 days as indicated. Panels I to L are representative vertical
sections of panels E to H, respectively. Arrowheads indicate uninfected basal cells. Bars � 100 �m (A to D) or 50 �m (E to L). n � 6.
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(Fig. 1). When the virus was applied to the apical surface, we
observed very few foci of eGFP expression (1 to 10 foci/cm2)
after 48 h (Fig. 1A). Furthermore, the number of foci changed
little after 7 days (Fig. 1C). This observation is in striking
contrast to the results from applying the virus to the basolat-
eral surface. Forty-eight hours following basolateral infection,
more than 1,000 foci/cm2 were detected (Fig. 1B). Seven days
following a basolateral infection, the density of eGFP-positive
foci visually increased (Fig. 1D); however, this augmentation is
primarily a result of increased focus fluorescent intensity
rather than increased focus number. Individual foci resulting
from apical or basolateral infections were indistinguishable
from either en face (Fig. 1E to H) or vertical section (Fig. 1I to
L) views. These observations were replicated with six indepen-
dent human primary culture specimens and demonstrate that
MV more readily transduces the basolateral surface than the
apical surface of tracheally or bronchially derived primary cul-
tures of airway epithelia. Further, these data suggest that the
apical surface of airway epithelia may present barriers to MV
infection in vivo. Interestingly, when virus was applied to either
the apical or the basolateral surface, eGFP-expressing basal
cells were rarely detected, as indicated by arrowheads in Fig. 1I
to L. This observation suggests that the nonciliated basal cells
may be less susceptible than other cells to infection by MV.

The novel observation of preferential basolateral MV infec-
tion prompted us to replicate studies of MV infection in po-
larized Caco-2 cells (2). Virus was applied directly to the apical
surface at an MOI of 1 in a 100-�l volume (Fig. 2A) or to the
basal medium at an MOI of 3 in a 300-�l volume (Fig. 2B) as
described previously (2). As shown in Fig. 2, MV more readily
transduced the apical surface than the basolateral surface in
Caco-2 cells under these test conditions. Our results were
consistent with the previous observation that MV preferen-
tially enters the apical surface of polarized Caco-2 cells. How-
ever, we observed that, if the membrane supporting the epi-
thelial cells was inverted and MV was applied at an MOI of 1
in a 100-�l volume directly to the basolateral surface (Fig. 2C),
there was little difference between this and apical application.
We suspect that the difference between the basolateral infec-
tions done upright and those done inverted is simply a gravi-
tational effect. As the viral particles have a greater density than
do the media, they will gradually settle to the bottom of the cell
culture dish. Therefore, fewer viral particles will have access to
the basolateral membrane when the infection is performed
upright. This notion is supported by our previous observations
with retrovirus infection in epithelia (27). In addition, we
found abundant expression of CD46 in Caco-2 cells by immu-
nohistochemistry assays (Fig. 2D); however, receptor expres-
sion appeared to be similarly distributed on apical and baso-
lateral surfaces (Fig. 2E). In contrast, Maisner and coworkers
demonstrated by domain-selective biotinylation that simian
CD46 in Vero C1008 cells and human CD46 in stably trans-
fected MDCK cells predominantly sort to the basolateral sur-
face (16).

Spread of replication-competent MV in airway epithelia.
Typically, when a lytic, replication-competent virus such as MV
is applied to permissive primate cells (e.g., Vero or 293 cells)
at an MOI of 1 in vitro, the viral replication process ultimately
destroys the cell layer within 48 h. Interestingly, this observa-
tion did not hold true for primary cultures of airway epithelia.

As before, MV-eGFP was applied to the apical surface of
airway epithelia at an MOI of 1. Foci began to appear 2 to 3
days postinfection (Fig. 3). Though uncommon, groupings of
foci were documented daily in living cultures by use of an
inverted fluorescence microscope. Foci appeared, grew in di-
ameter, and slowly regressed over time with no corresponding
change in transepithelial resistance (Fig. 4). In fact, neither
basolaterally nor apically infected epithelia exhibited signifi-
cant changes in their transepithelial resistances compared to
those of uninfected counterparts during the 7-day experimen-
tal period. Furthermore, transepithelial resistances of MV-
infected epithelia were not significantly different from those of
Ad5-eGFP-transduced control epithelia (data not shown).

Polarity of MV release. To determine the polarity of viral
release, both apical and basolateral washings were collected
from cells that were previously infected by MV-eGFP applica-
tion to either the apical or the basolateral surface of airway
epithelia. The viral titers from the washings were determined
by infection of Vero cells as described in Materials and Meth-
ods. As shown in Fig. 5, only a low MV-eGFP titer (�150
PFU/ml) was detected in the basolateral washings following
either an apical or a basolateral infection. The greatest viral
titer was present in the apical washings following a basolateral
infection (1,200 to 1,600 PFU/ml). We would expect the high-
est viral titer from a basolateral infection because the efficiency

FIG. 2. Polarity of MV infection in Caco-2 cells. Polarized Caco-2
cells were infected with MV-eGFP for 4 h and allowed to incubate for
2 days. MV-eGFP was applied at an MOI of 1 in a 100-�l volume to
the apical surface (A), at an MOI of 3 in a 300-�l volume to the
basolateral surface via the basal medium (B), or at an MOI of 1 in a
100-�l volume directly to the basolateral surface by inverting the sup-
port membrane (C). Caco-2 cells were immunostained with a rabbit
anti-human CD46 primary antibody and a goat anti-rabbit TRITC
secondary antibody (D and E). Images were captured by confocal
microscopy. A representative vertical section is shown (E). Bar � 50
�m. n � 3.
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of infection was consistently greater from the basolateral sur-
face than from the apical surface (Fig. 1).

Localization of the ubiquitous MV receptor CD46 in human
airway epithelia. CD46, the main receptor for vaccine strains
of MV, such as Edmonston, is ubiquitously expressed (7),
whereas the other known receptor, SLAM (CDw150), is ex-
pressed selectively in certain immune cells (5). Using a poly-
clonal rabbit anti-human CD46 antibody, we investigated the
expression and polarity of receptor distribution in well-differ-
entiated airway epithelial cells (Fig. 6). Immunohistochemistry
assays using an anti-CD46 antibody revealed CD46 protein
expression across the epithelial sheet (Fig. 6A). Interestingly,

the preponderance of the receptor was localized to the apical
surface (Fig. 6B). Assays with control conditions of normal
rabbit serum or omission of the secondary controls showed no
CD46 expression (data not shown). Additional confirmation of
CD46 expression in human airway epithelial cells was obtained
by Western blotting (Fig. 6C) and fluorescence-activated cell
sorting analysis (data not shown).

CD46 is expressed ubiquitously in human nucleated cells
and is typically produced as four major isoforms that arise by
alternative splicing (13, 14). Two isoforms are detected by
Western analysis. The large 	66-kDa isoform (named BC)
contains a heavily O-glycosylated region that the smaller iso-
form (named C) lacks (14). The BC and C isoforms may each
have one of two different cytoplasmic tails (named 1 and 2)

FIG. 3. Time course of MV-eGFP infection. MV-eGFP was applied to the apical surface of airway epithelia at an MOI of 1 for 4 h and allowed
to incubate for the indicated time periods. Focus appearance and disappearance were documented over the time interval indicated by using an
inverted fluorescence microscope. Though uncommon, groupings of foci were documented to ensure that the same field was observed over time,
as indicated by arrowheads. n � 3.

FIG. 4. Maintenance of epithelial integrity following MV-eGFP
infection. The epithelial integrity was determined by ohmmeter mea-
surement of the transepithelial resistance. Values were corrected for
the blank filter resistance and further standardized against baseline
readings and uninfected counterparts. Neither corrected nor raw num-
bers resulted in a statistically significant variation from uninfected
epithelia. Error bars represent the standard errors of the means. n � 6.

FIG. 5. Polarity of MV-eGFP release. Human airway epithelia
were infected with MV-eGFP at the apical or basolateral surface as
described in Materials and Methods. Both apical and basolateral wash-
ings were collected over the time interval indicated, including a pre-
infection baseline washing. Titers of washings were determined on
Vero cells. Error bars represent the standard errors of the means. n � 6.
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which are not easily distinguishable by Western analysis. Un-
der nonreducing conditions, we observed both BC and C iso-
forms in human tracheal protein extracts as well as in human
airway epithelial cell protein extracts (Fig. 6C). In addition,
Western analysis of CD46 expression in Vero cell lysates de-
tected both isoforms (data not shown). These results are con-
sistent with previous CD46 Western analysis of human lung
tissue (17) and suggest that primary cultures of human airway
epithelial cells express multiple isoforms of CD46.

To confirm the presence and expression pattern of CD46 in
vivo, human tracheal specimens were studied by immunofluo-
rescence microscopy. Hematoxylin and eosin staining of the
tracheal cross sections reveal tissue morphology and the pres-
ence of ciliated epithelial cells (Fig. 7A, black arrows). As
shown in the subsequent serial section (Fig. 7B), CD46 expres-
sion was detected in tracheal epithelia and more intensely at
the apical surface of ciliated cells (white arrows). When normal
rabbit serum was used in place of the polyclonal CD46 primary

antibody, only a diffuse nonspecific background immunofluo-
rescence was detected (data not shown). The observation of
CD46 localization in the epithelia of tracheal tissue sections
closely mirrors our observation of CD46 expression and local-
ization in vitro (Fig. 6).

DISCUSSION

Measles is classically a childhood infection of humans spread
by the respiratory route. Previous evidence, which has been
extrapolated to include airway epithelial cells, demonstrated
that MV enters preferentially via the apical surface of polar-
ized intestine-derived human epithelial cells (2). Indeed, our
results in Caco-2 cells replicate these previously published ob-
servations. However, when an MV vaccine strain (Edmonston)
is applied at an equivalent MOI to either the apical or the
basolateral surface of airway cells, the virus infects with much
greater efficiency from the basolateral surface than from the

FIG. 6. CD46 expression in human airway epithelia. Human airway epithelial cells were immunostained with a rabbit anti-human CD46 primary
antibody and a goat anti-rabbit TRITC-conjugated secondary antibody (A). Images were captured using confocal microscopy. A representative
vertical section is shown (B). Bar � 50 �m. Western blot analysis of human airway epithelial cell (hAEC) lysate and human tracheal (hT) lysate
was conducted with a rabbit anti-human CD46 polyclonal antibody as described in Materials and Methods (C).

FIG. 7. CD46 expression in human tracheal sections. Human tracheal explants were fixed, mounted in paraffin blocks, and sectioned.
Hematoxylin and eosin staining reveals the cellular morphology of the airway epithelia (A). Alternating sections of the tissue were immunostained
with a rabbit anti-human CD46 primary antibody and a goat anti-rabbit TRITC-conjugated secondary antibody as described in Materials and
Methods (B). Arrows indicate ciliated airway epithelial cells.

VOL. 76, 2002 MV INFECTION OF HUMAN AIRWAY EPITHELIA 2407



apical surface. These data suggest that the primary route for
MV entry into airway epithelia may not be the apical mem-
brane in vivo. Although the pathology of MV infection is
known to involve inflammation of the respiratory tract from
the nasal mucosa to the bronchioles (10, 12), we cannot dis-
count the possibility that MV enters apically within cell types
not represented in a primary culture of well-differentiated air-
way epithelium, such as alveolar epithelial cells.

Interestingly, we found that, though the virus preferentially
enters across the basolateral membrane, it is released predom-
inantly from the apical surface. We can envision a model in
which MV is brought into contact with the airways via inhala-
tion. Infection then occurs at sites of epithelial injury or to a
lesser extent across the apical surface. Once replication has
occurred in the epithelia, virus is released back into the lumen
where it can be taken up by macrophages or released back into
the environment in respiratory droplets. Macrophages may
ultimately be responsible for taking the virus to the blood-
stream, after which the systemic manifestations of the viral
infection begin.

As discussed, our data suggest that MV preferentially enters
the airway epithelium at the basolateral surface and is released
at the apical surface. These data suggest a favored basolateral-
to-apical movement of the virus that could help to explain the
apparent resistance of airway epithelia to secondary infection
as seen in Fig. 3. Interestingly, when MV is applied to the
basolateral surface and the pattern of eGFP expression is vi-
sually documented over time, the foci of expression are much
more numerous than, but behave in a similar manner as, those
in an apical infection (data not shown). Individual foci initially
become larger and more fluorescently intense but eventually
wane in size and intensity; furthermore, transepithelial resis-
tance remains relatively constant (Fig. 4).

Another potential explanation for the failure of secondary
infection to progress in airway epithelia concerns the phenom-
enon of CD46 down-regulation following MV infection (11, 19,
23). CD46 immunostaining of airway epithelia following apical
MV infection revealed prevalent CD46 expression across the
epithelial sheet but not within areas of eGFP-positive cells
(data not shown). These data suggest that local down-regula-
tion of CD46 occurs within sites of infection, perhaps as a
means to prevent superinfection. Down-regulation was not
observed in neighboring uninfected cells; however, such con-
clusions require a quantitative analysis of CD46 levels before
and after MV infection by fluorescence-activated cell sorting
or Western analysis.

A particularly puzzling aspect of this work is the finding that
the virus preferentially enters via the basolateral membrane,
while CD46 expression is highest at the apical surface. One
possible explanation for this observation stems from the notion
that receptor accessibility is not the only requirement for suc-
cessful viral infection. As in vivo, the primary cultures of hu-
man airway epithelia secrete airway surface liquid and mucus
and are heavily ciliated at the apical surface (30). These fea-
tures may provide barriers to infection at the apical surface. In
addition, the apical surface has a dense glycocalyx that is not
present at the basolateral surface and may act as a physical
barrier for some viruses (20). An alternate explanation for the
poor apical transduction efficiency is the absence of a putative

coreceptor from the apical surface. This hypothetical corecep-
tor may be strictly polarized to the basolateral surface.

It is important to mention that other respiratory viruses
transduce the apical surface of polarized epithelia with equal
or greater efficiency than they do the basolateral surface (6).
For example, we previously reported that human coronavirus
(serotype 229E) efficiently transduces the apical surface of
well-differentiated airway epithelia (28). In addition, respira-
tory syncytial virus and parainfluenza virus also have the ca-
pacity to enter polarized human airway epithelial cells through
the apical surface (P. L. Sinn and P. B. McCray, unpublished
observations). Therefore, these cells are not inherently impen-
etrable to all enveloped viruses at the apical surface. Con-
versely, MV is not the first respiratory virus to be shown to
preferentially transduce the basolateral surface. For example,
adenovirus serotypes 2 and 5 preferentially transduce the ba-
solateral surface of airway epithelia, although the original as-
sumption was that they would cross at the apical surface (20,
26). However, unlike MV, the receptor for adenovirus sero-
types 2 and 5 (coxsackievirus and adenovirus receptor) is po-
larized to the basolateral surface.

The pulmonary epithelium has evolved strategies to prevent
the host invasion of microbes and viruses (25). Indeed, multi-
ple factors present on the apical surface of airway epithelia
may preclude viral transduction. Airway surface epithelia se-
crete antimicrobial proteins, peptides, and interferons; thus,
innate host defenses may impact the ability of MV to infect
from the apical surface of airway epithelia. Our data suggest
that, in vivo, MV requires access to the basolateral surface of
airway epithelia for efficient viral infection to occur. In addi-
tion, the limiting barrier to MV infection in the conducting
airways of respiratory epithelia is not CD46 receptor expres-
sion on the apical surface. These results imply that pseudotyp-
ing recombinant lentivirus with Edmonston strain MV enve-
lope glycoproteins to target the apical surface of airway
epithelia is likely to be an inefficient strategy.
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