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Human Alveolar Macrophages May Not Be Susceptible
to Direct Infection by a Human Influenza Virus
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The current studies were undertaken to determine the susceptibility of human alveolar macrophages (AMs) to influenza A virus
(IAV) infection in comparison with autologous peripheral blood–derived monocytes-macrophages (PBMs). AMs and PBMs were
exposed to IAV in vitro and examined for their ability to bind and internalize IAV, and synthesize viral proteins and RNA. PBMs but
not AMs demonstrated binding and internalization of the virus, synthesizing viral proteins and RNA. Exposure of AMs in the pres-
ence of a sialidase inhibitor or anti-IAV antibody resulted in viral protein synthesis by the cells. Exposure of AMs to fluorescein
isothiocyanate–labeled IAV in the presence of anti–fluorescein isothiocyanate antibody also resulted in viral protein synthesis.
Thus, human AMs are apparently not susceptible to direct infection by a human IAV but are likely to be infected indirectly in
the setting of exposure in the presence of antibody that binds the challenging strain of IAV.
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Human influenza A virus (IAV) predominantly infects the
upper airways [1]. In the vast majority of infected individuals,
pneumonia does not occur. In the ferret model, infection is con-
fined largely to airway epithelium and is rare in the alveoli [2].
However, isolated ferret alveolar tissues seem to be as suscepti-
ble to infection as the airways, suggesting that host defenses pre-
vent viral infection at the alveolar level [2]. Alveolar
macrophages (AMs) generally have been considered to be the
first leukocyte-based line of defense against respiratory patho-
gens such as influenza virus [3–6]. AMs must protect the
lungs not only from pathogens but also from constant immuno-
pathological processes due to all types of inhaled material [6],
and elimination of AMs in immunized mice can enhance in-
flammatory responses to antigen [7], suggesting that AMs
play a predominantly suppressive role during inflammatory re-
sponses in vivo.

Our early studies showed that human AMs from healthy vol-
unteer donors differed substantially from autologous peripheral
blood blood–derived monocytes-macrophages (PBMs) in sup-
port of lymphocyte proliferative responses to both mitogens
and antigens, including inactivated IAV [3]. In contrast to sig-
nificant accessory cell support demonstrated by PBMs,

lymphocytes exposed to the inactivated virus in the presence
of AMs showed no difference in proliferation compared with
the lymphocytes cultured in the absence of any accessory cell.
Furthermore, when AMs were added to PBMs plus lympho-
cytes, with appropriate controls for cell numbers, the AMs sup-
pressed lymphocyte proliferative responses to antigen [8].
Others have reported that human IAV infection of human
monocyte and macrophage subpopulations showed increased
susceptibility associated with cell differentiation [9]. As differ-
entiated macrophages likely to first encounter IAV, AMs have
generally been assessed for infection using immunofluorescent
staining for IAV antigens [10–12]. van Riel and colleagues have
suggested that PBMs are not a good model for studying the in-
teraction between AMs and human IAV [12]. Using immuno-
fluorescent staining for IAV antigens 24 hours after exposure of
ex vivo lung cultures, H1N1 and H3N2 viruses readily infected
alveolar epithelial cells but not AMs, with approximately ≤1%
of AMs appearing to be infected, unlike PBM cell preparations.
Such observations raise the question of whether human AMs
are susceptible to direct infection by human IAV, and the cur-
rent studies were undertaken to address that question, with
comparisons to PBMs that might be recruited to alveoli in re-
sponse to IAV challenge.

MATERIALS AND METHODS

Subjects
Donors of AMs and PBMs were healthy men and women aged
20–40 years who met the following requirements: no pulmo-
nary disease by history and physical examination, no present
or past history of smoking, absence of upper respiratory illness
for ≥6 weeks before the study, and normal spirometry. In-
formed consent was obtained from the subjects, and these
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studies were approved by the institutional investigational review
committees at both the University of Rochester and the Univer-
sity of Texas Medical Branch. All comparisons in these studies
were made between autologous cells, which are described fur-
ther in the Supplemental Material.

Collection of PBMs
Phlebotomy was performed 7 days and 1 day before bronchoal-
veolar lavage (BAL) for each subject. Mononuclear leukocytes
were obtained from heparinized blood by Ficoll-Hypaque sed-
imentation and incubated in plastic Petri dishes for 1 day
(PBMs-1) or 7 days (PBMs-7) at 37°C in Medium 199
(Gibco) supplemented with glutamine, aqueous penicillin G
(100 U/mL), streptomycin (50 μg/mL), and 20% autologous
human serum, as described elsewhere [3, 13]. Nonadherent
cells were removed by washing the plates gently 5 times; adher-
ent cells were harvested with a rubber policeman. The cells were
counted, viability was assessed by exclusion of Trypan blue dye,
and the concentration of viable cells was adjusted to 1 × 106/mL.
Using these methods, recovered cells were >90% monocytes-
macrophages by morphology and nonspecific esterase staining
[3]. After 7 days, the cells exhibited the light microscopic mor-
phological appearance of tissue macrophages.

Collection of AMs
BAL was performed as described elsewhere [14]. Premedication
was limited to atropine 0.75 mg given intravenously. After top-
ical anesthesia of the upper airway with 2% lidocaine, a fiberop-
tic bronchoscope (Pentax FB-19H; outer diameter, 6.3 mm) was
inserted orally and gently wedged in a subsegmental airway of
the inferior segment of the lingula. Three 50-mL aliquots of
sterile normal saline solution were sequentially instilled and im-
mediately withdrawn under gentle suction. Lavage return using
this technique averaged 65% of the volume instilled. In some
subjects, a subsegment of the right middle lobe was similarly
lavaged to provide additional cells. The cells were pelleted,
washed 3 times in phosphate-buffered saline, and resuspended
in antibiotic-supplemented M199. Viability was determined by
exclusion of Trypan blue dye, and exceeded 95%. Differential
counts were performed by assessing 500–1000 cells on a cyto-
spin smear stained with Diff-Quick stain (American Scientific
Products). A mean (standard deviation) of 89.2% (4.6%) alveo-
lar cells were AMs by morphology, and the rest were predomi-
nantly lymphocytes.

In Vitro Exposure to Influenza Virus (IAV)
Influenza A/AA/Marton/43 H1N1 virus, originally a clinical
isolate [15], was grown in allantoic cavities of 10-day-old em-
bryonated hens’ eggs, stored at −70°C, and titered at 108.0 pla-
que-forming units/mL when assayed on Madin-Darby canine
kidney cells [13, 16]. Equivalent aliquots of viable autologous
AMs, PBMs-1, or PBMs-7 were exposed or sham-exposed to
virus at a multiplicity of infection (MOI) of 0.1, 1.0, 3 (where
not reported otherwise), or 10 in serum-free Medium 199 for

1 hour at 37°C in a humidified 5% carbon dioxide atmosphere
[13, 16]. Additional information regarding infection of the cells
is provided in the Supplemental Material.

In 1 subset of experiments, AMs and PBMs were exposed to
fluorescein isothiocyanate (FITC)–labeled IAV at an MOI of 3
[16]. The virus was labeled using methods described elsewhere
[17, 18] and remained fully infectious for the cells [17]. Cells
were collected and analyzed by means of light and fluorescence
microscopy after exposure to the FITC-labeled virus. In another
subset of experiments, AMs were exposed to IAV in the absence
or presence of the potent sialidase inhibitor 2-Deoxy-2,3-
dehydro-N-acetylneuraminic acid [19]. In a third subset of
experiments, AMs were exposed to IAV in the presence of
nonneutralizing anti-IAV antibody or exposed to FITC-labeled
IAV in the presence of anti-FITC antibody. An anti–yellow
fever virus (YFV) antibody was used as an isotype control for
the exposures to virus in the presence of antibody. Cells were col-
lected and analyzed with light and fluorescence microscopy and
for protein synthesis after exposure to the FITC-labeled virus.

Analyses of Protein Synthesis
Cells were suspended in methionine-free medium and pulse la-
beled with 100 μCi of 35S-methionine for 2 hours. Cells were
then washed and lysed by sodium dodecyl sulfate–containing
detergent buffer with subsequent analysis by sodium dodecyl
sulfate–polyacrylamide gel electrophoresis and autoradiography
[20, 21]. Lysates of equal numbers of cells were placed in each
lane of the gels. Immunoprecipitation of synthesized viral
proteins was performed using National Institutes of Health
reference antisera directed against influenza hemagglutinin
(anti-H1; V-314-511-517), neuraminidase (NA) (anti-N1;
V-308-513-157), and matrix protein (anti-M; V-306-510-
157), and murine monoclonal antibody directed against the
viral nucleoprotein [20, 22].

Analyses of IAV NA Transcription
Total cellular RNA was obtained from sham-exposed and IAV-
exposed cells using methods described elsewhere [23, 24]. After
prehybridization, Northern blots were hybridized with a phos-
phorus 32–labeled cRNA strand complementary to the 1413
nucleotides of the influenza virus N1 NA-positive strand (mes-
senger and template RNA) for 18 hours. The radiolabeled
cRNA was transcribed using T7 RNA polymerase and a linear-
ized (Hind III digest) template of a pGEM (Promega) plasmid
containing the influenza A/WSN NA complementary DNA
(kind gift from Louis Markoff, National Institute of Allergy
and Infectious Diseases). Neither the N2 NA nor input virus
(negative-strand) RNA was detected using this probe. Each
blot was also hybridized subsequently using a probe for the
human cellular gene product β-actin, derived from a comple-
mentary DNA cloned into the pBluescript II KS (−) vector
(Stratagene), as a control for analyzing cell lysates.

Alveolar Macrophages and Influenza • JID 2016:214 (1 December) • 1659

http://jid.oxfordjournals.org/lookup/suppl/doi:10.1093/infdis/jiw413/-/DC1
http://jid.oxfordjournals.org/lookup/suppl/doi:10.1093/infdis/jiw413/-/DC1


RESULTS

Characteristics of Cell Preparations
Most cells retrieved by BAL were AMs (>90%), as expected,
with most of the other cells being small resting lymphocytes.
However, other cells were present in low (usually <1%) frequen-
cy, including polymorphonuclear leukocytes and cells that re-
sembled morphologically mature monocytes [25]: large with
an indented nucleus such as illustrated by the far left, lower
cell in the selected high-power cytospin field that illustrates
the different cell types in Figure 1. PBMs cultured for 7 days
(PBMs-7) appeared larger and less dense than those cultured
for 1 day (PBMs-1) and appeared morphologically similar to
AMs on stained cytospin preparations, as described elsewhere
[3]. Virus-exposed cells, observed in culture for as long as 7
days, showed no cytopathic effects or changes in viability com-
pared with sham-infected cells and no production of progeny
virus, as reported elsewhere [4].

Binding and Uptake of IAV by AMs and PBMs
We have shown elsewhere that influenza virus binds to virtually
all PBMs and lymphocytes, but such binding does not necessar-
ily indicate that all of the cells express a true receptor for the
virus that would lead to receptor-mediated endocytosis [17].
In fact, binding and internalization were quite different for lym-
phocytes (few internalized the virus) and PBMs (the majority
internalized the virus). Those studies used FITC-labeled IAV
and fluorescence resonant energy transfer, with addition of
ethidium bromide to the cells, to distinguish between internal-
ized virus, which maintained green fluorescence, and virus
bound to the cell surface, which emitted red fluorescence
based on fluorescence resonant energy transfer with the ethid-
ium bromide [17].

For the current studies, we exposed autologous AMs and
PBMs to FITC-IAV and examined the cells with light and

fluorescent microscopy. In marked contrast to PBMs (Figure 2E
and 2F), most of which bound and then internalized the virus,
AMs neither bound (Figure 2A–2D) nor internalized the virus.
Only the rare smaller cells that resembled monocytes morpho-
logically (Figure 2A and 2B) or the occasional epithelial cells
(Figure 2C and 2D) exhibited green fluorescence from bound
or internalized FITC-IAV. The fields shown in Figure 2 are rep-
resentative of 4 such experiments and show the cells before ad-
dition of ethidium bromide. This addition produced no change
in the results: the PBMs retained almost all the green fluores-
cence, reflecting internalized virus, whereas the AMs remained
nonfluorescent. Although FITC could be quenched at later time
points by the acidic environment of the endocytic compart-
ment, these experiments used measurements at earlier time
points, and experiments in the presence of monensin or ammo-
nium chloride, even at such early time points after exposure to
the virus, did not lead to detectable FITC-IAV in AMs. The re-
sults suggested that AMs from healthy volunteers neither bind
nor internalize IAV.

Assessment of IAV Replication In AMs and PBMs
We sham-exposed (Figure 3A, lanes 1 and 3) and exposed
(Figure 3A, lanes 2 and 4) autologous AMs and PBMs to IAV
and examined pulse-labeled cell lysates for evidence of synthesis
of viral gene products. There was clear evidence of viral infec-
tion of the PBMs, with a commonly observed decrease in gene-
ral protein synthesis by the cells coupled with synthesis of viral
gene products, such as the hemagglutinin, the comigrating NA
and nucleoprotein, and the matrix protein. The AMs were more
synthetically active overall, and there was no decrease in their
synthetic activity on exposure to the virus, nor was there evi-
dence of synthesis of viral gene products.

We investigated this observation more carefully in additional
experiments by using increasing MOIs and immunoprecipita-
tion for the viral gene products (Figure 3B). We noted that
both PBMs-1 and PBMs-7 were susceptible to an abortive infec-
tion by IAV, with synthesis of viral gene products but no release
of new infectious progeny virions, whereas AMs again were not
infected by such criteria. To determine whether failure to dem-
onstrate viral protein synthesis by AMs was due to altered kinet-
ics of infection, PBMs and AMs were pulsed at later time points,
up to 24 hours after infection (data not shown). Viral protein
synthesis by PBMs was maximal at 4–6 hours and declined
thereafter. No viral protein synthesis was seen by AMs at any
time when assays were performed. We then performed North-
ern blot analyses for IAV replication, using a probe for the NA
gene (Figure 4), and found no evidence of IAV transcription in
the AMs, but evidence of NA RNA synthesis was noted for both
PBMs-1 and PBMs-7.

IAV Infection of AMs Exposed in the Presence of Sialidase Inhibitor
The data raised the possibility that AMs do not constitutively
or persistently express molecules on their surface with the

Figure 1. Photomicrograph of Wright-Giemsa-stained bronchoalveolar lavage
cells, selected to illustrate the presence of alveolar macrophages (AMs) as the pre-
dominant cell, but also a small resting lymphocyte (L), the second most common type
of cell, and the less common (usually <1%) polymorphonuclear leukocyte (PMNL)
and a cell with the morphological characteristics of a mature monocyte (MM).
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appropriate sialic acid residues for binding by the influenza
virus hemmagglutinin, or that such residues were under
constant pressure of AM-derived sialidases. Studies by
other investigators have suggested that there is modification
of the glycosylation of surface molecules on murine macro-
phages that have been activated, with decreased sialic acid
residues on the surface [26], and that there is modification
of sialidase activity as human cells differentiate from mono-
cytes to macrophages [27]. Because macrophage maturation
is associated with increased enzymatic activity overall, and
with increased sialidase activity specifically, we exposed the
AMs to IAV in the absence or presence (lanes 2 and 3, re-
spectively, in Figure 5) of the potent sialidase inhibitor Neu-
Ac2en [19]. Treatment with the sialidase inhibitor resulted in

infection and synthesis of IAV gene products by the exposed
AMs.

IAV Infection of AMs Exposed in the Presence of Anti-IAV Antibody
In earlier studies, we demonstrated that each of the known types
of Fc receptor (FcR) is expressed and functional on human AMs
[28, 29]. The FcR could be expected to play a role in anti-IAV
defense in the setting where an individual has been exposed pre-
viously to the strain (or to a cross-reactive strain) of IAV and
would have immunoglobulin G available for binding to IAV
in the respiratory tract, allowing uptake by AMs via FcR-
mediated endocytosis. Therefore, we exposed AMs to IAV in
the presence of antibodies that would bind to but not neutralize
the virus.

Figure 2. Photomicrographs of alveolar macrophages (AMs) and peripheral blood–derived monocytes-macrophages (PBMs) exposed to fluorescein isothiocyanate (FITC)–
labeled influenza A virus (IAV). A, C, E, Light photomicrographs. B, D, F, Corresponding fluorescence detection. Left-side panels are light images with reduced lighting to diminish
potential quenching of fluorescence in the field. A–D, Bronchoalveolar lavage (BAL) preparations containing predominantly AMs. E, F, Autologous PBM preparation. Arrowhead
in A indicates the cell infected by FITC-labeled IAV. Cells are shown before addition of ethidium bromide, and the results indicate binding and/or internalization of the virus. The
addition of ethidium bromide did not detectably alter the findings, suggesting that the virus had internalized.
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We used the FITC-labeled IAV and anti-FITC antibody
(Figure 6A and 6B) or anti-YFV virus antibody (isotype control,
Figure 6C and 6D), and demonstrated virus binding (Figure 6)
by AMs exposed to the anti-FITC antibody-coated virus. Addi-
tion of ethidium bromide to the culture did not quench the

FITC-emitted green fluorescence evident in Figure 6, consistent
with internalization of the virus by the AMs.

Immunoprecipitation of IAV-exposed AM cell lysates with
anti-IAV antibodies in a series of experiments showed existence
of newly synthesized viral gene products when the AMs were
exposed to IAV that was complexed with anti-IAV (Figure 7A,
lane 4). No such viral gene product synthesis was evident in ly-
sates from sham-exposed AMs (lane 2) or when the AMs were
exposed in the presence of the control anti-YFV antibody (lane
3). Synthesis of IAV gene products by AMs was observed when

Figure 3. A, Autoradiograms examining synthesis of influenza A virus (IAV) proteins by alveolar macrophages (AMs; lanes 1 and 2) and autologous peripheral blood–derived
monocytes-macrophages (PBMs; lanes 3 and 4). Cells were sham-exposed (lanes 1 and 3) or exposed (lanes 2 and 4) to IAV, pulse labeled 4–6 hours after exposure and analyzed
with polyacrylamide gel electrophoresis. B, Viral protein synthesis by PBMs cultured for 1 day (PBMs-1; lanes 1–5), PBMs cultured for 7 days (PBMs-7; lanes 6–10), and AMs
(lanes 11–15) exposed in vitro to influenza A/AA/Marton/43 H1N1 at a multiplicity of infection (MOI) of 0 (sham-exposed cells; lanes 1, 6, and 11), 0.1 (lanes 2, 7, and 12), 1.0
(lanes 3, 8, and 13), and 10 (lanes 4, 9, and 14). Lanes 5, 10, and 15 represent immunoprecipitation of lysates of virus-exposed (MOI, 10) PBMs-1, PBMs-7, and AMs respectively,
using goat polyclonal antiserum directed against subtype-specific hemagglutinin (HA), neuraminidase (NA; which comigrates with nucleoprotein [NP]), matrix protein (M), and
murine monoclonal antibody to NP. Lysates were derived from equal numbers of cells pulsed 4–6 hours after exposure to the virus.

Figure 4. Northern blot autoradiograms of lysates of alveolar macrophages (AMs)
and autologous peripheral blood–derived monocytes-macrophages cultured for 1
(PBMs-1) or 7 (PBMs-7) days that were sham-exposed or exposed to influenza A
virus (IAV). Lysates were probed for influenza virus neuraminidase (NA) and the
same lanes were probed subsequently for β-actin. All lanes are from the same
Northern blot.

Figure 5. Autoradiograms of immunoprecipitated influenza A virus (IAV) proteins
in lysates of alveolar macrophages (AMs). Lanes 2 and 3, Lysates from AMs exposed
to IAV in the absence or presence of the neuraminidase (NA) inhibitor 2-Deoxy-2,3-
dehydro-N-acetylneuraminic acid, respectively. Lane 1, Relative molecular mass
markers. Lysates were derived from equal numbers of cells pulsed 4–6 hours
after exposure to the virus and were immunoprecipitated, using the antibodies listed
in Figure 3. Abbreviations: HA, hemagglutinin; NP, nucleoprotein.
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we exposed the cells to FITC-labeled IAV in the presence of
anti-IAV antibody (Figure 7B, lane 2) or anti-FITC antibody
(lane 3) but not anti-YFV antibody (lane 4). The data from
these experiments suggest that AMs can bind IAV via the FcR
and, as a result, can internalize the virus and become infected.

DISCUSSION

The current studies were undertaken to help clarify the role of

AMs in defending alveolar spaces against IAV infection. Mono-

cytes and macrophages in general may contribute to control of

seasonal or pandemic human IAV infection by direct inactiva-

tion or ingestion of virus (because the infection is abortive in

the cells), release of interferon, lysis of infected cells, release

of factors chemotactic for inflammatory cells, and support of

lymphocyte proliferation and generation of cytotoxic T-

lymphocyte effector cells [30]. Limited data have been available

regarding the susceptibility of human AMs to seasonal and pan-

demic human IAV infection, using histopathology with anti-

bodies against the virus [31, 32] or against FITC for tissues

exposed to FITC-labeled IAV [33]. In the latter studies [33],

the viruses were formalin inactivated before addition to the tis-

sues. In the lung, alveolar epithelial cells are the primary targets

for IAV, but study findings have suggested that a small percent-

age of AMs can be infected [11, 12], in 1 study using AMs that

had been cultured in vitro for >48 hours before infection [11,

34]. We compared AMs with autologous PBMs to determine

whether cells that may be recruited to the alveolus during an in-

flammatory response to challenge differ in their susceptibility

and response to IAV from resident AMs.
The vast majority (>85%–96%) of cells obtained from healthy

human volunteers by BAL are AMs [3, 5, 35, 36]. Most of the

Figure 6. Photomicrographs of alveolar macrophages (AMs) exposed to fluorescein isothiocyanate (FITC)–labeled influenza A virus (IAV). A, C, Light photomicrographs. B, D,
Corresponding fluorescence detection. Left panels are light images with reduced lighting to diminish potential quenching of fluorescence in the field. A, B, AMs exposed to the
virus in the presence of anti-FITC antibody. C, D, AMs exposed to virus in the presence of the control anti–yellow fever virus antibody. Cells are shown before addition of
ethidium bromide, and the results indicate binding and/or internalization of the virus. Addition of ethidium bromide did not detectably alter the findings, suggesting that the
virus had internalized.

Figure 7. Autoradiograms of immunoprecipitated influenza A virus (IAV) proteins in
lysates of alveolar macrophages (AMs). A, Relative molecular mass markers (lane 1),
lysates from sham-exposed AMs and AMs exposed to virus in the presence of anti–
yellow fever virus antibody (lanes 2 and 3, respectively), and lysate from AMs exposed
to IAV in the presence of nonneutralizing anti-IAV antibody (lane 4). Lysates were derived
from equal numbers of cells pulsed 4–6 hours after exposure to the virus and were im-
munoprecipitated using the antibodies listed in Figure 3. B, Relative molecular mass
markers (lane 1), lysates from AMs exposed to virus in the presence of anti-IAV and
anti–fluorescein isothiocyanate antibody (lanes 2 and 3, respectively), and lysate from
AMs exposed to IAV in the presence of anti–yellow fever virus antibody (lane 4). Lysates
were derived from equal numbers of cells pulsed 4–6 hours after exposure to the virus
and were immunoprecipitated using the antibodies listed in Figure 3. Abbreviations: HA,
hemagglutinin; M, matrix protein; NA, neuraminidase; NP, nucleoprotein.
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other cells are lymphocytes, with few polymorphonuclear
leukocytes and few cells that appear to be mature monocytes
at histopathology [25]. The latter cells are not generally cited
in tables indicating BAL cell compositions. Furthermore, in
addition to the small percentage of mature monocytes already
present in the healthy alveoli, PBMs are recruited to the
lungs, along with lymphocytes and polymorphonuclear leuko-
cytes, in response to IAV challenge [37, 38], and they would also
encounter the virus and potentially become infected [17, 20, 39].

To our knowledge, this is the first report regarding synthesis
of IAV RNA and proteins by human AMs. None of the pub-
lished studies that we have reviewed have shown clear synthesis
of viral gene products by AMs. The studies have relied on his-
topathological detection of viral antigens [11, 31], staining cells
clearly recognized as phagocytic and, as illustrated in those re-
ports, often not clearly distinguishing between resident AMs
and recruited PBMs, which in their mature macrophage form
may resemble AMs histologically [3]. Studies that illustrated
AMs stained for IAV antigens several hours to days after expo-
sure have not shown staining soon (<1 hour) after exposure to
determine input antigen that could persist. Notably, in the mu-
rine model of IAV infection, a large influx of PBMs occurs with-
in a few days [37, 38], and alveolitis can persist for 6 months
with detectable viral antigens but not infectious virus [40].

Virtually all PBMs and lymphocytes bind IAV through cell
surface-expressed sialic acid residues, but only a majority (def-
initely not all, even at a very high MOI) of PBMs and a minority
of lymphocytes endocytose the virus [17], the latter event being
a more rigorous measurement of IAV receptor expression and
function. The current data show that human AMs do not di-
rectly bind IAV, the usual first step in infection. The results pro-
vide an explanation for the previously reported absence of
effects of IAV challenge on AM accessory cell function (for mi-
togen responses) and cytokine production [4]. The AMs did not
bind or internalize IAV, even though studies by other investiga-
tors demonstrated that cells that are not expressing sialic acids,
as well as desialylated cells, can be infected by IAV [41, 42].

Consistent with previous observations using PBMs [20], both
PBMs-1 and PBMs-7 synthesized IAV proteins. However, syn-
thesis of viral proteins by AMs was not detectable. Our findings
contrast with those of Rodgers and Mims [31], who detected
viral antigens in 15%–20% of AMs 24 hours after exposure to
IAV in vitro, suggesting new viral protein synthesis. However,
their studies did not completely exclude the possibility of repro-
cessing and expression of input viral protein. In addition, AMs
(lavage cells) in their studies were obtained from patients un-
dergoing diagnostic bronchoscopy for unspecified illnesses
and may not be comparable with AMs from healthy subjects.
The possibility that a significant proportion of cells were recent-
ly recruited to the alveoli could not be excluded. Such a possi-
bility also exists for autopsy results showing histological
macrophage-type cell infection in alveoli, related to the 1918

pandemic IAV, the most avianlike among the mammalian-
adapted viruses [43]; all cases had histological evidence of severe
acute bacterial pneumonia [44]. The current studies examined
AMs from healthy individuals who were not infected with IAV.
It is possible that AMs in infected patients augment their anti-
viral functions in response to activating signals from other cells,
such as epithelial cells or T lymphocytes.

Although human AMs are apparently not directly infected by
IAV, another way in which AMs may take up IAV proteins that
can be detected by immunofluorescence is by phagocytosis of
apoptotic IAV-infected cells [45, 46], such as alveolar epithelial
cells that are more susceptible to infection [11, 12]. In the nor-
mal setting, with an initially low virus inoculum, and most likely
in the IAV-experienced host, the presence of anti-IAV immuno-
globulin G antibodies in the lower respiratory tract could lead to
defense by FcR-mediated infection of the AMs by IAV. This
might be a clearance mechanism for the virus because AMs
are abortively infected, as are PBMs.

Supplementary Data
Supplementary materials are available at http://jid.oxfordjournals.org.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.
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