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Abstract: Excessive alcohol consumption predisposes the host to a wide range of infectious complications, particularly 

pulmonary infections. Factors that contribute to the development of pulmonary infections in alcohol-abusing patients in-

clude dysfunction of the protective barriers in the respiratory tract, aspiration of oropharyngeal contents, nutritional defi-

ciencies, liver disease, and impairment of host defense mechanisms. This review discusses the complex host-pathogen in-

teractions in the airways with an emphasis on how alcohol consumption adversely affects these mechanisms and predis-

poses the host to infections. Potential immunomodulatory strategies for enhancing host defense function in alcohol-

consuming patients are also discussed. 
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INTRODUCTION 

 Alcohol abuse predisposes the host to a wide range of 
infectious diseases, particularly pneumonia [1, 2]. Accumu-
lated in vivo and in vitro studies have shown that alcohol 
alters/compromises the immune system, thereby increasing 
the susceptibility of the host to pulmonary infections. Other 
factors that contribute to pulmonary infections in alcohol 
abusers include dysfunction of protective barriers in the res-
piratory tract, aspiration of oropharyngeal contents, nutri-
tional deficiencies, and liver disease. Alcohol-abusing pa-
tients with pulmonary infections are characterized by severe 
symptoms, frequent complications, and poor outcomes. 
Treatment of infection in these immunocompromised hosts 
has continued to be a major challenge to modern medicine. 
This review discusses the complex host-pathogen interac-
tions that occur in the airways with an emphasis on how al-
cohol consumption adversely affects these interactions re-
sulting in lung infections. Potential immunomodulatory 
strategies for improving host defenses against pulmonary 
infections in alcoholic patients are also discussed. 

EPIDEMIOLOGY AND CLINICAL MANIFESTA-
TIONS 

 It has long been recognized that excessive alcohol con-
sumption is associated with an increased risk of developing 
infections. Benjamin Rush, the first Surgeon General of the 
United States, published “An Inquiry Into the Effects of Ar-
dent Spirits Upon the Human Body and Mind” in 1785, in 
which he reported that alcohol abusers were vulnerable to 
yellow fever, tuberculosis, pneumonia, and abscesses [3]. In 
1905, Sir William Osler stated that alcohol abuse was “per-
haps the most potent predisposing factor to lobar pneumo-
nia” [4]. Shortly thereafter, Capps and Coleman reported that 
the mortality rate of pneumonia was more than doubled in 
alcoholics compared to nonalcoholics [5]. Consistent with 
these early observations, subsequent large cohort studies  
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have repeatedly shown that alcohol abuse significantly in-
creases the incidence and severity of pulmonary infections. 
One study of 1722 alcoholic patients in Oslo from 1925 to 
1940 reported that the age-specific death rates caused by 
pneumonia were more than three times higher in alcohol 
abusers compared to those in the general population [6]. An-
other study of 1298 patients with lobar pneumonia from 
1927 to 1935 showed that the mortality rate in alcohol-
abusing patients was approximately twice that of nonalco-
holic patients [7]. In 1972, Schmidt and De Lint reported an 
investigation of 6478 alcoholic patients treated at the To-
ronto Clinic of the Addiction Research Foundation during a 
14 year period. The mortality rates of pneumonia in alco-
holic men and women in this series were 3-fold and 7-fold 
greater, respectively, in comparison to those in the general 
population [8]. Fernandez-Sola reported a two-phase study in 
1995 [9]. Among the risk factors analyzed, excessive alcohol 
consumption was the only independent risk factor for com-
munity-acquired pneumonia. Alcoholic patients with pneu-
monia showed more severe clinical symptoms, required 
longer duration of intravenous antibiotics and hospital stays, 
and had more multilobar involvement and pleural effusions 
with slower resolution of pulmonary infiltrates. In addition, 
high alcohol intake was the only prognostic factor for mor-
tality. Similarly, a cohort study of 23,198 pneumonia pa-
tients hospitalized in 1992 showed that for pneumonia cases 
with an alcohol-related diagnosis, risk-adjusted hospital 
charges were higher, length of hospital stay was longer, and 
intensive care unit use was more frequent [10]. Another re-
cent study in patients with severe community-acquired 
pneumonia presenting with septic shock reported that alco-
hol abuse predisposes patients to pulmonary infections with 
Pseudomonas aeruginosa and Acinetobacter species, both of 
which are frequently fatal (82%) [11]. In 2000, Musher and 
colleagues reported a prospective study identifying predis-
posing factors for pneumococcal pneumonia with and with-
out bacteremia. Their investigation showed that although the 
mean number of predisposing factors was greater among 
bacteremic patients than nonbacteremic patients, only alco-
hol consumption was significantly more common in patients 
with bacteremia [12]. In addition to community-acquired 
pneumonia, alcohol abuse has also been shown to be a sig-
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nificant risk factor for hospital-acquired pneumonia. Everts 
and colleagues reported a one-year prospective study of con-
secutive patients hospitalized for general medical and surgi-
cal diseases [13]. Nosocomial pneumonia developed in 126 
patients representing 6.1 per 1000 admissions. Fourteen pa-
tients (11%) died as a consequence of pneumonia. Alcohol 
abuse was identified as one of the most powerful predictors 
of a fatal outcome. In 2004, Bochicchio and colleagues re-
ported 204 cases of pneumonia in 714 trauma patients admit-
ted to the intensive care unit. Alcohol abuse was listed as a 
leading premorbid risk factor in this series [14]. 

 Pulmonary infection caused by a wide range of bacterial 
pathogens, including Gram-positive, Gram-negative, aerobic, 
anaerobic, as well as mycobacteria, occur more frequently in 
alcohol abusers than in the general population. Alcohol 
abusers are also susceptible to lung infections caused by 
fungi and viruses. Unique features of pulmonary infections 
in alcoholic patients include a younger age of occurrence, 
more severe symptoms, higher incidence of complications, 
more frequent recurrence, greater likelihood of developing 
resistant pathogens, and poorer outcomes. Alcoholic patients 
with cirrhosis or bone marrow suppression have the poorest 
prognosis. A prominent phenomenon in alcohol abusers suf-
fering from bacterial pneumonia is that these patients fre-
quently present with granulocytopenia, which is an indicator 
of increased mortality. McFarland and Libre reported 10 
alcohol abusers with 12 episodes of infections [15]. Bacterial 
pneumonia accounted for 11 of them. Leukopenia was pre-
sent in 6 episodes on admission and the remaining 6 cases 
developed leukopenia within 24 hours after hospitalization. 
Fruchtman and colleagues identified 10 leukopenic patients 
with S. pneumoniae pneumonia [16]. Eight of them were 
alcoholics. All of these patients developed the adult respira-
tory distress syndrome (ARDS) with a mortality rate at 50%. 
Perlino and Rimland analyzed 95 episodes of pneumococcal 
bacteremia in 93 patients [17]. Pneumonia was identified in 
80 of these patients. The most common pre-existing illness 
was alcoholism (in 52 patients) which was significantly as-
sociated with leukopenia. Patients with alcoholism, leuko-
penia, and pneumococcal sepsis (the ALPS syndrome) con-
stituted 12.6% of this series and had a mortality rate greater 
than 80%. 

 Similar to that in the general population, Streptococcus 
pneumoniae has been reported to be the most frequent 
pathogen causing lung infections in individuals consuming 
excess alcohol [18, 19]. A recent study of 1511 hospitalized 
patients with community-acquired pneumonia showed that S. 
pneumoniae was isolated in 27% of alcoholic patients in this 
series [18]. Hemophilus influenzae and Klebsiella pneumo-
niae are also frequent pathogens causing pneumonia in alco-
holic patients. Pulmonary infection caused by K. pneumo-
niae is usually life-threatening and associated with a high 
frequency of complications and death. Alcoholic patients 
have been reported to have a high incidence of pulmonary 
infections with Pseudomonas aeruginosa and Acinetobacter 
species which frequently result in death. Because alcohol is a 
potent inhibitor of the central nervous system and the cough 
reflex, aspiration of oropharyngeal bacteria is common in 
alcohol abusers. Accordingly, anaerobic lung infections with 
Fusobacterium nucleatum, Bacteriodes melaninogenicus, 
and Bacteriodes fragilis are frequently observed in alcohol 
abusing patients in the form of simple pneumonitis, necrotiz-

ing pneumonia, lung abscess, and empyema [20]. In fact, 
studies have shown that about 30% of all anaerobic pulmo-
nary infections occur in heavy alcohol consumers [20, 21]. 

 Pulmonary tuberculosis occurs more frequent in alcohol 
abusers than in the general population. Alcoholic patients 
with pulmonary tuberculosis usually have more extensive 
disease and a higher risk of death during the initial hospitali-
zation. Alcohol addiction is an independent risk factor for 
mortality in tuberculosis patients. A study of 1493 tuberculo-
sis patients has shown that patients who excessively con-
sume alcohol are at increased risk of hospitalization during 
treatment [22]. Lack of patient compliance is a significant 
problem for the effective treatment of tuberculosis in these 
individuals. High rates of relapse and the development of 
multiple drug-resistant strains are common in alcohol abu-
sers. The HIV epidemic, especially among substance abusers 
and alcoholics, has played an important role in the world-
wide resurgence of tuberculosis during the last two decades. 

 Pneumocystis carinii (also known as Pneumocystis 
jirovecii), is a common pathogen causing pulmonary infec-
tions in immunocompromised hosts. In recent years, the etio-
logical significance of these opportunistic pathogens in alco-
hol abusers has come to attention because of the increased 
incidence of HIV infection in this population. P. carinii 
pneumonia occurs frequently in hosts with impaired cell-
mediated immunity and is a common opportunistic infection 
in HIV-infected individuals. Alcohol suppresses cell-
mediated immunity. Studies have shown that intrapulmonary 
challenge with P. carinii in mice on a chronic alcohol-
containing diet significantly increases P. carinii infection in 
the lung (greater than 60% in the alcohol-fed group vs none 
in control group) [23]. P. carinii pneumonia has been ob-
served in patients with alcoholic hepatitis and cirrhosis [24]. 

NORMAL IMMUNE DEFENSE MECHANISMS OF 
THE RESPIRATORY TRACT 

 The human respiratory tract has developed a sophisti-
cated defense system that effectively protects the host from 
infections. The host defense mechanisms in the respiratory 
tract include both innate (nonspecific) and acquired (spe-
cific) immunity. Innate immunity consists of mechanical 
defenses, antimicrobial molecules generated in the airways, 
and phagocytic defenses provided by the resident alveolar 
macrophages and the polymorphonuclear leukocytes (PMNs) 
that are recruited into the lung in response to infection. Me-
chanical host defenses include the structural barriers in the 
respiratory tract and mucociliary blanket lining the surface of 
the airways. Mucins in the mucociliary fluid trap airborne 
particles and microorganisms. The mucus containing trapped 
particles and microbes is propelled to the oropharynx by 
ciliary movement. Clearance of secretions from the airways 
is facilitated by coughing. Particles with sizes smaller than 5 
μm in diameter can bypass these mechanical defense mecha-
nisms and deposit in the alveoli. This size discrimination is 
particularly relevant to the pathogenesis of pulmonary infec-
tion as most pathogenic microbes are within this size range. 
In addition to mechanical defenses, airways produce a va-
riety of antimicrobial molecules including lysozyme, com-
plement, immunoglobulin A and G, fibronectin, lactoferrin, 
transferrin, LPS-binding protein, defensins, cathelicidins, 
and collectins. Some of these molecules possess direct an-
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timicrobial activity while others facilitate phagocytes in the 
elimination of pathogenic microbes. 

 Alveolar macrophages are the resident phagocytes in the 
alveolar space. Under normal conditions, approximately one 
alveolar macrophage is found in each alveolus [25]. These 
cells constitute the major cell type recovered by bronchoal-
veolar lavage (BAL). In normal individuals, approximately 
85 to 95 percent of cells obtained by BAL are alveolar 
macrophages with the remainder being lymphocytes and 
other cell types [25, 26]. Alveolar macrophages typically 
exhibit a lobulated nucleus surrounded by vacuolated cyto-
plasm containing abundant mitochondria and electron-dense 
secondary lysosomes. Under certain circumstances such as 
chronic inflammation, these phagocytes may merge and form 
multinucleated cells. The size of alveolar macrophages va-
ries widely from 12 μm (similar to blood monocytes) to 
50 μm (as seen in multinucleated cells or those in smokers). 
The size change in the alveolar macrophage population is 
associated with different disease states. In acute inflamma-
tion, the number of small, monocyte-like macrophages is 
usually increased. In contrast, chronic lung disorders are 
often associated with an increase in large, more mature 
macrophage numbers in the alveolar space.

 
These resident 

alveolar macrophages constitute the first line of phagocytic 
defense in the terminal airways. They are avidly phagocytic 
and responsible for the clearance of daily air-borne particles 
and small loads of pathogenic microbes in order to maintain 
the sterility of the air-exchange surface in the lung. Certain 
pathogens, such as Mycobacterium spp and Legionella spp, 
are resistant to the microbicidal activities of alveolar macro-
phages. They can proliferate intracellularly. Other immune 
defense mechanisms such as cell-mediated immunity are 
required for eliminating these pathogens. When alveolar 
macrophages are confronted with invading pathogens that 
are either too virulent or of too large an inoculum, these cells 
are capable of generating numerous mediators that orches-
trate the recruitment of PMNs from the systemic circulation 
into the alveolar space. These recruited PMNs provide auxi-
liary phagocytic defenses to reinforce the immune response 
against offending pathogens. Alveolar macrophage-derived 
substances capable of eliciting PMN migration into the air-
ways include chemotactic peptides such as interleukin-8 (IL-
8), macrophage inflammatory protein-2 (MIP-2), and other 
CXC chemokines, complement fragments including C3a and 
C5a, and arachidonic acid metabolites such as leukotriene 
B4. 

 Cytokines are responsible for communication among 
different cellular components of the immune system. Based 
on their functional activities, these mediators can be largely 
divided into pro- and anti-inflammatory subgroups. Both 
pro-inflammatory and anti-inflammatory cytokines are criti-
cal in the regulation of the pulmonary host defense response. 
They mediate functional adjustment of various effector cell 
types in the immune system during different stages of the 
immune defense response. 

 A number of pro-inflammatory cytokines have been iden-
tified to play an important role in pulmonary host defense. 
These mediators include tumor necrosis factor-  (TNF- ), 
interleukin-8 (IL-8), macrophage inflammatory protein-2 
(MIP-2), granulocyte colony-stimulating factor (G-CSF), 
granulocyte macrophage colony-stimulating factor (GM-

CSF), interleukin-12 (IL-12), and interferon-  (IFN- ). TNF-
 is an early response cytokine rapidly produced by alveolar 

macrophages following exposure to infectious stimulants. 
TNF-  activates alveolar macrophages and, perhaps, other 
cell types in the alveoli such as type II epithelial cells. It en-
hances functional activities of these cells and stimulates the 
release of other cytokines and chemokines by different types 
of pulmonary cells. CXC chemokines, including IL-8 and 
MIP-2 in humans, as opposed to cytokine-induced neutrophil 
chemoattractant (CINC) or keratinocyte-derived chemokine 
(KC) and MIP-2 in rodents, are potent chemoattractants for 
PMNs. In response to bacterial infection, pulmonary cells 
produce large amounts of these chemokines which provide 
chemotactic signals in the lung for PMN recruitment. CXC 
chemokines have also been shown to enhance PMN activi-
ties including the expression of surface adhesion receptors, 
phagocytosis, and production of reactive oxygen species. 
Several CXC chemokines including IL-8, MIP-2, and KC 
have also been shown to stimulate granulocyte mobilization 
from hematopoietic tissues into the circulation [27-30]. 

 G-CSF is a lineage-specific hematopoietic growth factor 
that selectively stimulates the proliferation and maturation of 
myeloid progenitor cells to PMNs. Cells at all stages of 
granulocyte lineage, including their up-stream precursors 
(CD34+CD33-, and lin-ckit+Sca-1+), have G-CSF receptors 
(G-CSFR) and respond to G-CSF with increased prolifera-
tion [31-34]. In addition to stimulating myeloid cell proli-
feration and neutrophil maturation, G-CSF also enhances the 
release of PMNs and their progenitors from the bone marrow 
into the systemic circulation [35-37]. Under normal condi-
tions, G-CSF plays a critical role in maintaining the regular 
level of PMNs in the blood stream. During lung infection, 
pulmonary cells including alveolar macrophages and epithe-
lial cells increase their production of G-CSF, resulting in a 
rapid elevation of G-CSF level in the systemic circulation. 
Clinical studies have shown that G-CSF in the circulation is 
significantly increased in patients with bacterial pneumonia 
[38, 39]. Studies from our group have shown that animals 
challenged with intrapulmonary bacteria rapidly increase G-
CSF production in the lung [31, 40]. We have also shown 
that exogenous G-CSF instilled into the lung rapidly enters 
the blood stream. The granulopoietic activity in hema-
topoietic tissues and mobilization of PMNs and their pro-
genitors into the circulation are enhanced in animals either 
challenged with intrapulmonary bacteria or treated with re-
combinant G-CSF [31, 41]. Thus, G-CSF produced from 
tissue sites of infection and inflammation plays a crucial role 
in the initiation and regulation of the granulopoietic response 
[41, 42]. In addition to stimulating granulopoiesis in hema-
topoietic tissues, G-CSF enhances the functional activities of 
mature PMNs including adhesion molecule expression, che-
motaxis, oxygen metabolism, phagocytosis, and intracellular 
bacterial killing. 

 GM-CSF is a 23-kDa secreted polypeptide that functions 
as a growth factor predominantly stimulating bone marrow 
cells of myeloid lineages. Compared to G-CSF, GM-CSF has 
a broader spectrum of leukocyte stimulation that includes 
neutrophils, eosinophils, monocytes, macrophages, and den-
dritic cells. In addition, this cytokine also stimulates bone 
marrow production of erythrocytes and megakaryocytes and 
influences the growth of alveolar epithelium of the lung. 
Since the function of GM-CSF on hematopoietic cells over-
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laps with other hematologic cytokines, impairment of hema-
topoiesis or myelopoiesis does not occur in animals with 
targeted ablation of the GM-CSF gene or its receptor gene 
(GM

-/-
 or GMR c

-/-
 mice) [43]. In the respiratory tract, GM-

CSF is expressed by a variety of pulmonary cells including 
epithelial cells, alveolar macrophages, fibroblasts, and acti-
vated T lymphocytes [43-46]. It plays a crucial role in stimu-
lating the terminal differentiation of alveolar macrophages 
and accumulation of these cells in the lung [43]. GM-CSF 
up-regulates alveolar macrophage Fc  receptor expression 
and enhances antibody- and complement-mediated phagocy-
tosis [47, 48]. Other functional activities of macrophages that 
are enhanced by GM-CSF include antigen presentation, cy-
tokine production, oxygen metabolism, and intracellular kill-
ing of microbes. Intrapulmonary challenge with bacteria 
causes a significant increase in lung leukocyte production of 
GM-CSF in mice [49]. Mice with GM-CSF deficiency show 
defects in alveolar macrophage phagocytosis, bacterial kill-
ing, and hydrogen peroxide production. These animals are 
also defective in production of leukotrienes, prostaglandin 
E2, TNF- , IFN- , MIP-2, and KC by lung leukocytes post-
infection. In addition to these defects, GM-CSF deficient 
mice have higher bacterial loads in the lung, spleen, and sys-
temic circulation with a decreased survival rate following 
intrapulmonary challenge with P. aeruginosa compared to 
normal control mice. 

 Other pro-inflammatory cytokines, such as IL-12 and 
IFN-  also have important immunoregulatory functions. IL-
12 promotes Th1-type immune responses and enhances cell-
mediated immunity against airway infections caused by vi-
ruses, mycobacteria, fungi, and parasites. In addition, IL-12 
promotes innate immunity in the lung against bacterial 
pathogens in experimental models of infection. Patients with 
IL-12 deficiency develop recurrent pneumococcal pneumo-
nia with sepsis and other infections. IFN-  exerts profound 
effects on various aspects of host defense against a wide 
range of pathogens including viruses, bacteria, fungi, and 
parasites [50]. IFN-  enhances cytokine and chemokine pro-
duction by alveolar macrophages and other types of leuko-
cytes. It also stimulates the respiratory burst and release of 
lysosomal enzymes from PMNs, and actively modulates an-
tigen presentation, cell differentiation, and cytotoxicity of 
immune effector cells. 

 As named, anti-inflammatory cytokines down-regulate 
host immune responses. Interleukin-10 (IL-10) is a represen-
tative of these mediators. IL-10 inhibits the production of 
many proinflammatory cytokines including TNF- , interleu-
kin-1-  (IL-1 ), IFN- , IL-12, MIP-2, and macrophage in-
flammatory protein-1  (MIP-1 ). IL-10 also suppresses the 
functional activities of PMNs [51]. This cytokine plays an 
important role in modulating the intensity of the host re-
sponse to an infection and affecting the resolution of in-
flammation when the infection is confined. 

 PMNs represent the largest phagocyte population in the 
circulation of humans. Under normal conditions, very few 
PMNs exist in the alveolar space. The marginated pool of 
PMNs in the pulmonary vasculature represents a large num-
ber of PMNs [52]. Mature PMNs have a characteristically 
segmented nucleus. The cytoplasm of PMNs contains a 
mixed population of granules, one-third of which are peroxi-
dase positive. Peroxidase-positive (azurophilic or primary) 

granules contain myeloperoxidase and numerous lysosomal 
enzymes. These granules also contain bactericidal factors 
including the defensins, azurophil-derived bactericidal fac-
tors, and bactericidal permeability-increasing protein or cat-
ionic proteins. Peroxidase-negative granules include specific 
(secondary) granules and gelatinase granules. The former are 
rich in lactoferrin, B12 binding proteins, and other polypep-
tides, while the latter contain abundant gelatinase. All of 
these granules contain lysozyme. In addition to these gra-
nules, PMN cytoplasm contains secretory vesicles. The con-
tent of these vesicles include latent alkaline phosphatase and 
plasma proteins, such as albumin, that are endocytosed from 
the plasma. 

 In response to infectious stimuli, PMNs in the pulmonary 
vasculature rapidly migrate into the alveolar space to rein-
force phagocytic and bactericidal defenses. Experimental 
studies have shown that intrapulmonary challenge with ei-
ther bacteria or bacterial components, such as LPS, elicits a 
massive migration of PMNs from the vasculature into the 
alveolar space in animals. Several hours after the challenge, 
PMNs constitute 60% to 90% of the total cells recovered by 
BAL [53-55]. In patients with pulmonary infection, the al-
veolar space is also filled with large numbers of PMNs. 
PMN activation occurs during the recruitment of these cells 
as they are exposed to a variety of proinflammatory cytoki-
nes and mediators contained within the infected compart-
ment. In addition to the ingestion and killing of invading 
microbes, recruited PMNs may participate in regulating the 
local defense response by producing different cytokines in-
cluding TNF- , IL-1 , IL-6, and MIP-2. S100A8 (calgranu-
lin A or myeloid-related protein 8, MRP8) and S100A9 (cal-
granulin B, MRP14) are phagocyte-specific calcium-binding 
proteins belonging to the S100 family. During infection and 
inflammation, tissue recruited PMNs are able to release large 
amounts of S100 proteins into the surrounding environment 
[56]. Studies have shown that binding of S100A8/S100A9 
complexes to carboxylated N-glycans on endothelial cells 
enhances the subsequent adhesion of phagocytes to the vas-
cular endothelium [57]. Interaction of S100A9 with granulo-
cytes increases the binding activity of 2-integrins and up-
regulates the expression of high affinity Mac-1 receptors on 
these cells [58]. In addition, S100A8 and S100A9 have been 
identified as potent chemoattractants for neutrophils and 
macrophages [59, 60]. The function of S100 proteins may 
serve as a positive feedback signal for the continued recruit-
ment of PMNs into inflammatory sites [61]. Data suggest 
that the initial chemotactic signals for PMN migration into 
the lung are primarily the chemokines produced by alveolar 
macrophages following the infection. The release of S100 
proteins by the first wave of recruited phagocytes promotes 
and facilitates the further recruitment of additional leuko-
cytes into alveolar space. PMNs also trap and scavenge 
chemokines in the surrounding environment, which may play 
an important role in the resolution of the inflammatory re-
sponse in the lung [62, 63]. 

 During the process of PMN recruitment into the alveolar 
space in response to pulmonary infection, the number of 
PMNs in the circulatory system needs to be replenished or 
increased in order to support and/or reinforce the on-going 
tissue recruitment of PMNs. Hematopoietic tissues accele-
rate their release of mature PMNs from the marrow storage 
pool and increase the production of PMNs in order to main-
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tain or increase the level of PMNs in the circulation. It has 
long been recognized that an increase in blood granulocyte 
counts frequently accompanies bacterial pneumonia. The 
increased production of granulopoietic cytokines such as G-
CSF and certain CXC chemokines increase the rate of PMN 
production from their precursor cells, shorten PMN matura-
tion time, reduce the retention time of granulocytes in the 
bone marrow, and enhance the release of these phagocytes 
into the circulation. The transit time of PMNs through the 
bone marrow mitotic (or proliferative) and postmitotic 
(maturation-storage) pools to blood is significantly reduced 
in both animals challenged with intrapulmonary S. pneumo-
niae and patients with lobar pneumonia [64, 65]. 

 Dendritic cells represent another large population of resi-
dent phagocytes in the lung. The precursors of these cells are 
blood monocytes. After migrating into airway tissues, they 
differentiate into a distinct cell type with long processes 
bearing MHC class II receptors. These cells form a mesh-
work widely distributed within the respiratory tract. They 
exist in airway epithelial layer, submucosa, and lung paren-
chyma. Dendritic cells have also been identified on the al-
veolar surface, accessible by bronchoalveolar lavage [66]. 
Airway dendritic cells possess the ability to travel from tis-
sue sites to regional draining lymph nodes via afferent lym-
phatic vessels or to the spleen via the bloodsteam [67]. In 
response to an inflammatory challenge, the number of den-
dritic cells can be rapidly increased in the local tissues [68]. 
Compared with alveolar macrophages, dendritic cells are 
relatively weak in phagocytic activity. These cells are able to 
ingest inhaled materials including particulate matter, viruses, 
bacteria, and fungi. At the present time, the contribution of 
phagocytosis conducted by dendritic cells to host innate im-
mune defense of the airways remains poorly characterized. 
However, ingestion of antigen-bearing particles and patho-
gens by dendritic cells has been known as a critical compo-
nent of antigen capturing and processing in the respiratory 
tract. Studies have shown that airway dendritic cells are effi-
cient antigen-presenting cells [66]. They capture, process, 
and retain inhaled antigens while migrating to the regional 
lymph nodes where they present these antigens to T cells to 
initiate the acquired (or specific) immune response.  

 The acquired immune defense system in the human lung 
consists of both humoral and cellular components, which 
function as the major host defenses against pathogens that 
are capable of evading the innate immune defense system. 
Developing an effective specific immune response encom-
passes a complex interaction between antigen presenting 
cells or accessory cells (such as dendritic cells and alveolar 
macrophages) and lymphocytes (T and B lymphocytes). An-
tigens of invading pathogens are captured and processed 
initially by antigen presenting cells. The processed antigens 
together with class II major histocompatibility complex 
(MHC) molecules on the antigen presenting cell surface are 
then presented to helper T (Th) lymphocytes through binding 
of the class II MHC-antigen complexes to CD4 receptors 
expressed on the surface of helper T lymphocytes. Addi-
tional stimuli provided by the engagement of nonantigenic 
matching ligands and co-stimulatory receptors such as 
CD25, CD40, CD80, CD83, and CD86 expressed on the 
surface of helper T cells and antigen presenting cells, respec-
tively, as well as cytokines (e.g., IL-1 and TNF) generated 
by the antigen presenting cells will help activation of the 

engaged CD4+ T lymphocytes. The activated CD4+ T lym-
phocytes subsequently develop into specific helper T cells to 
produce various types of cytokines which mediate the prolif-
eration and activation of immune effector cells including B 
lymphocytes and cytotoxic T lymphocytes (CTL). The pro-
file of cytokines produced by the helper T cells dictates 
which branch of specific immunity (i.e., humoral or cell-
mediated) will become the predominant response.  

 In the respiratory tract, dendritic cells are considered to 
be the primary antigen presenting cells. Alveolar macro-
phages are weaker than dendritic cells at antigen presenta-
tion. It has been proposed that alveolar macrophages may 
play a role in antigen transfer. Alveolar macrophages ini-
tially take up the antigen and then transfer the processed pep-
tides to dendritic cells for efficient presentation [69]. Anti-
gens in the terminal airways may either directly diffuse into 
regional lymphoid tissues or be captured by antigen present-
ing cells which then migrate to regional lymph nodes. The 
primary immune response is initiated within these regional 
lymphoid tissues to produce a large number of immune ef-
fector cells including CTLs and antibody producing B cells. 
These effector B and T cells generated during the primary 
immune response then traffic back to the infected lung 
through the systemic circulation and eventually reside in the 
interstitium and alveolar space by means of their homing 
mechanisms. In general, it takes days to weeks to develop a 
specific immune response to a new antigen. During the pri-
mary immune response, memory B and T cells are generated. 
These memory cells can rapidly (hours to days) organize a 
response when the host is subsequently exposed to the same 
antigen [69]. Under normal conditions, memory cells consti-
tute the predominant type of lymphocyte residing in the lung 
[70].  

THE EFFECT OF ALCOHOL ON PULMONARY IM-
MUNE DEFENSE MECHANISMS 

 Excessive alcohol consumption impairs both the innate 
and acquired immunity. The most extensively characterized 
immune defect caused by alcohol is suppression of PMN 
function. In 1938, Pickrell observed that rabbits intoxicated 
with alcohol failed to mount an acute leukocytic response to 
pneumococcal infection in the lung [71]. Subsequent studies 
in experimental animals and human subjects have repeatedly 
shown that alcohol impairs tissue recruitment of PMNs dur-
ing infection and inflammation. Green and colleagues docu-
mented that pulmonary clearance of bacteria was suppressed 
by alcohol intoxication [72]. Astry and colleagues studied 
the relationship between the alcohol-induced defects of PMN 
recruitment and pulmonary clearance of bacteria [73]. In 
their experiments, animals were challenged by aerosol inha-
lation of either Gram-positive (Staphylococcus aureus) or 
Gram-negative (Proteus mirabilis) bacteria in the presence 
and absence of acute alcohol intoxication. Pulmonary re-
cruitment of PMNs in response to bacterial challenge was 
inhibited by alcohol intoxication in a dose-dependent man-
ner. In association with impaired PMN recruitment, pulmo-
nary clearance of both the Gram-positive and Gram-negative 
bacteria was suppressed by alcohol. Studies from our group 
have shown that acute alcohol intoxication causes a profound 
inhibition of PMN delivery to the alveolar space of rats chal-
lenged with intrapulmonary S. pneumoniae, which is assoc-
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iated with more severe lung infection and increased mortality 
[54]. 

 Tissue recruitment of PMNs in response to infection and 
inflammation is a complex process that involves PMN mar-
gination, adhesion, and transendothelial migration. An intri-
cate interplay of various adhesion molecules on the surface 
of both PMNs and the endothelium of the microvasculature 
takes place during this multi-step process. Chemoattractants 
produced by infected tissues guide PMN migration from the 
vasculature into the infected tissue sites. Alcohol has been 
shown to inhibit several steps of this process. In response to 
infectious stimuli, circulating PMNs rapidly up-regulate 2-
integrin adhesion molecule CD11b/CD18 expression. 
CD11b/CD18 mediates PMN firm attachment to the endo-
thelium and the subsequent transendothelial migration. Al-
cohol inhibits up-regulation of CD18 expression on PMNs in 
response to inflammatory stimuli [74] and suppresses PMN 
“hyperadherence” to endothelial monolayers following ap-
propriate stimulation [75]. Our studies have shown that alco-
hol intoxication suppresses up-regulation of CD11b/c and 
CD18 expression on circulating PMNs in animals challenged 
with systemic LPS [76]. Other investigators have also re-
ported that alcohol causes a dose-dependent inhibition of 
granulocyte adherence. 

 Appropriate response of PMNs to chemotactic signals is 
necessary for the directed migration of these phagocytes. 
Alcohol has been shown to impair the PMN response to 
chemoattractants. Rats intoxicated with alcohol show a sig-
nificant decrease in PMN chemotaxis to LPS-activated nor-
mal rat serum [77]. PMNs from alcohol abusers also exhibit 
a decreased chemotactic response [78, 79]. In patients with 
alcoholic liver diseases, LPS absorbed from the portal sys-
tem may gain access to the systemic circulation due to either 
the development of a shunt between these two systems or 
impaired Kupffer cell function. LPS in the systemic circula-
tion may induce a chronic inflammatory reaction within the 
body. Chemoattractants such as CXC chemokines (IL-8) and 
complement fragments (C5a) are elevated in the peripheral 
circulation of patients with alcoholic liver diseases [80, 81]. 
This chronic in vivo activation of PMNs has been postulated 
to account for the blunted response of PMNs to chemoattrac-
tants in these hosts. 

 In addition to alcohol-induced impairment of the PMN 
response to chemotactic stimuli, acute alcohol intoxication 
also suppresses CXC chemokine production in the lung dur-
ing pulmonary infection and inflammation [54, 56, 82]. This 
inhibition occurs at the level of both gene expression and 
protein production. Studies have shown that the increase in 
CINC and MIP-2 concentrations in BAL fluid of rats follow-
ing intrapulmonary challenge with S. pneumoniae is mar-
kedly attenuated by acute alcohol intoxication [83]. Corre-
spondingly, the chemotactic activity for PMNs in BAL fluid 
recovered from alcohol intoxicated rats challenged with in-
trapulmonary S. pneumoniae is markedly reduced as com-
pared to those of control animals with S. pneumoniae pneu-
monia. Repleting these CXC chemokines in the BAL fluid of 
alcohol intoxicated animals partially restores chemotactic 
activity for PMNs. Alcohol intoxication suppresses the 
chemokine response in the lung and impairs the establish-
ment of a chemotactic gradient across the alveolar-capillary 
membrane. Thus, the initial signals that trigger PMN migra-

tion into the infected focus are reduced. In a recent study, we 
also observed that acute alcohol intoxication suppressed the 
increase in S100A8 and S100A9 expression in the terminal 
airways of rats challenged with intrapulmonary LPS [56]. 
This suppression of S100 proteins decreases the reinforce-
ment signals for PMN recruitment into the alveolar space, 
which may serve as an additional mechanism underlying the 
alcohol-induced impairment of PMN recruitment into the 
lung during pulmonary infection. 

 Enhanced granulopoiesis and increased PMN mobiliza-
tion from the bone marrow are important mechanisms for the 
host to recruit additional PMNs in order to combat invading 
pathogens. Alcohol is known to injure hematopoietic tissues 
[84-88]. Studies of bone marrow from alcohol-abusing pa-
tients show a significant reduction in the number of mature 
granulocytes with vacuolization of myeloid progenitor cells. 
Exposure of bone marrow cells to alcohol at concentrations 
commonly observed in intoxicated patients suppresses 
granulocyte colony formation. Alcohol also likely impairs 
local production of granulopoietic growth factors and/or 
causes metabolic disorders in the hematopoietic microenvi-
ronment. We, and others, have shown that G-CSF and CXC 
chemokine levels in the peripheral circulation increase sig-
nificantly during pulmonary infection. As stated previously, 
these cytokines mediate the granulopoietic response in he-
matopoietic tissues and enhance PMN mobilization from the 
bone marrow. Alcohol intoxication suppresses both the G-
CSF and chemokine responses in experimental animals chal-
lenged with either pulmonary or systemic bacterial patho-
gens [54, 89, 90]. In addition, our studies have shown that 
alcohol inhibits increases in granulopoietic progenitor cell 
proliferation in mice challenged with intrapulmonary S. 
pneumoniae or G-CSF. In vitro exposure to alcohol causes a 
dose-dependent inhibition of myeloid progenitor cell proli-
feration in response to G-CSF stimulation (unpublished 
data). These observations show that alcohol damages the 
granulopoietic response at two different levels. In addition to 
suppressing granulopoietic cytokine production by infected 
tissues, alcohol also impairs the granulopoietic progenitor 
cell response to the cytokine stimulation. Mitogen activated 
protein kinase (MAPK) and Janus family tyrosine kinase and 
signal transducer and activator of transcription (Jak-STAT) 
pathways are involved in mediating G-CSF-induced granu-
lopoiesis. G-CSF binding to its receptor activates the ex-
tracellular signal-regulated kinase (ERK1/2, or p44/42 
MAPK) pathway which generates a strong signal for the 
proliferation of myeloid progenitor cells [91-93]. Ligand 
engagement of G-CSFR also causes activation of STAT3 
which promotes expression of the cyclin-dependent kinase 
(cdk) inhibitor p27

Kip1
. An increase in the intracellular level 

of p27
 Kip1

 causes G1 arrest of cell proliferation [94-97]. 
Studies have shown that alcohol inhibits the p44/42 MAPK 
signaling while enhancing the STAT3-p27

 Kip1
 signaling.  

 Alcohol has been known to impair the functional activi-
ties of PMNs. In addition to inhibiting adhesion molecule 
expression and the adherence of PMNs to endothelial cells, 
alcohol at clinically relevant levels inhibits fMLP-stimulated 
superoxide production by human PMNs in a dose-dependent 
manner. Degranulation (elastase release) and bactericidal 
activity (killing of S. aureus) of human PMNs are also inhi-
bited by alcohol at concentrations between 0.2% and 0.3% 
[98]. In vivo alcohol intoxication (blood alcohol concentra-
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tion of 50-100 mM) significantly inhibits PMN phagocytic 
activity in experimental animals [82, 99]. PMNs from alco-
hol intoxicated patients have been reported to contain 31% 
less elastase activity compared to those from normal indi-
viduals and produce 25-27% less superoxide than controls in 
response to inflammatory stimuli [100]. Both acute alcohol 
intoxication and chronic alcohol consumption have been 
shown to significantly inhibit bacterial killing activity of the 
lung in rats infected with intrapulmonary S. pneumoniae [54, 
101]. 

 As stated previously, alveolar macrophages constitute the 
first line of phagocytic defense against invading pathogens in 
the terminal airways. Activated alveolar macrophages pro-
duce large amounts of TNF, which serves as a key proximal 
step in triggering the inflammatory response in the lung. 
Acute alcohol intoxication suppresses the pulmonary TNF 
response to bacterial challenge which is associated with an 
inhibition of PMN recruitment into the alveolar space and 
clearance of bacteria from the airways. Studies have shown 
that alcohol-induced inhibition of TNF production by alveo-
lar macrophages primarily occurs at the post-transcriptional 
level. Exposure of alveolar macrophages from rhesus ma-
caques to alcohol causes suppression of LPS-induced TNF 
protein production without affecting the up-regulation of 
TNF mRNA expression by these macrophages [102]. Alco-
hol also causes a significant increase in cell-associated TNF 
in macrophages following LPS stimulation [103, 104]. These 
studies suggest that alcohol likely impairs mechanisms in-
volved in the release of TNF from these cells. In addition to 
a direct inhibition of pro-inflammatory cytokine production, 
alcohol also increases anti-inflammatory cytokine (IL-10) 
expression by human monocytes, which has been postulated 
to be one mechanism underlying the immunosuppressive 
effects of alcohol [105]. 

 Other functional activities of macrophages including mo-
bilization, adherence, phagocytosis, superoxide production, 
and microbicidal activity are also inhibited by alcohol. These 
alcohol-induced defects of alveolar macrophage function 
diminish the capacity of these cells to eliminate invading 
pathogens within the alveolar space. These harmful effects 
of alcohol may be of particular importance in tuberculosis 
where greater than 90% of inhaled mycobacteria are nor-
mally ingested and destroyed by alveolar macrophages 
[106]. The initial interaction of alveolar macrophages with 
this pathogen is critical for eliminating the infection. Tuber-
cle bacilli not killed by alveolar macrophages survive and 
proliferate intracellularly. Studies have shown that exposure 
to alcohol enhances intracellular growth of mycobacteria in 
human macrophages [107, 108]. 

 In recent years, the effect of alcohol on accessory cell 
function has drawn wide attention. A binge alcohol exposure 
(0.85 g/kg of body weight) in healthy volunteers causes inhibi-
tion of myeloid dendritic cell allostimulatory capacity [109, 
110]. In vitro exposure to alcohol during dendritic cell diffe-
rentiation significantly reduces allostimulatory activity in a 
mixed lymphocyte reaction using naïve CD4 T cells. Alcohol 
treatment also inhibits co-stimulatory receptor expression and 
tetanus toxoid antigen presentation by dendritic cells. IL-12 
production by alcohol-treated dendritic cells is reduced. Naïve 
CD4 T cells primed with alcohol-treated dendritic cells show 
decreases in IFN-  production, which can be restored by exo-

genous IL-12. These data indicate that alcohol impairs Th1 
immune responses via inhibition of dendritic cell differentia-
tion and accessory cell function. Patients with alcoholic liver 
cirrhosis have been shown to have decreased numbers of cir-
culating dendritic cells [111]. Furthermore, active alcohol con-
sumption in these patients causes inhibition of IL-1  and 
TNF-  production by peripheral blood dendritic cells. Ex-
perimental studies have shown that in vitro exposure to alco-
hol inhibits generation of bone marrow-derived dendritic cells 
in response to fms-like tyrosine kinase 3 ligand [112]. Chronic 
alcohol feeding causes inhibition of co-stimulatory receptor 
expression by splenic dendritic cells in response to in vivo 
CpG-DNA class B stimulation. Splenic dendritic cells induced 
naïve, allogeneic T cell proliferation is also impaired by 
chronic alcohol consumption in these animals. 

 Excessive alcohol consumption also exerts adverse ef-
fects on acquired immune defenses including both cell-
mediated and humoral immunity. The ability to develop de-
layed hypersensitivity skin test reactions to various antigens 
is usually poor in alcohol-abusing patients. Chronic alcohol 
abusers, especially those with liver disease, frequently de-
velop lymphopenia. Alcohol also suppresses lymphocyte 
blast transformation in response to mitogen stimulation. 
Lymphocyte proliferative responses to specific antibodies 
against T-cell receptors are blunted by alcohol [113]. 
Chronic alcohol feeding results in atrophy of the thymus and 
spleen in experimental animals. Chronic alcohol consump-
tion causes a significant reduction in absolute numbers of 
CD4+ T lymphocytes in experimental animals. In addition, T 
lymphocytes isolated from alcoholic hosts have a diminished 
capacity to produce IFN- , an important cytokine that stimu-
lates cell-mediated immunity [114]. Pulmonary recruitment 
of both CD4+ and CD8+ T lymphocytes in response to P. 
carinii infection in the lung is suppressed by alcohol con-
sumption [115, 116]. An increase in plasma immunoglobu-
lins has been observed in alcohol-abusing patients, especially 
those with alcoholic liver disease. These immunoglobulins 
do not appear to be protective. Interestingly, the ability to 
develop specific antibodies following new antigen chal-
lenges is impaired in animals chronically intoxicated with 
alcohol. Since specific antibodies are important for protect-
ing the host from certain bacterial infections, such as S. 
pneumoniae, this defect may adversely affect the eradication 
of these pathogens in patients with pneumonia. 

 A subset of T helper cells known as Th17 cells produce 
cytokine IL-17 which serves as a link between acquired and 
innate immunities. IL-17 promotes the PMN response to bac-
terial infection [117]. Chronic alcohol consumption has been 
shown to inhibit IL-17 production in the lung during pulmo-
nary infection with K. pneumoniae [118]. In vitro exposure to 
alcohol causes a dose-dependent inhibition of IL-17 expres-
sion by T lymphocytes in response to inflammatory stimuli. 
Treatment of animals with an adenoviral vector encoding IL-
17 gene has been shown to improve lung host defense and 
survival of alcohol-intoxicated mice with pulmonary K. 
pneumoniae infection [119]. 

IMMUNOMODULATION AND TREATMENT OF 
PULMONARY INFECTIONS 

 Treatment of pulmonary infections in both alcoholic and 
nonalcoholic patients is based on effective antibiotic therapy. 
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The emergence of drug-resistant pathogens, particularly in 
alcohol abusing patients, is becoming a significant challenge 
to existing antibiotic therapy. Immunomodulation may be 
useful as an adjuvant therapy for the treatment of pulmonary 
infections in individuals who excessively consume alcohol. 

 Alcohol impairs multiple aspects of the innate immune 
response in the lung, particularly PMN recruitment into the 
alveolar space in response to bacterial infection, which facili-
tates the proliferation of invading pathogens. Strategies have 
been developed to enhance phagocytic defenses in the lung 
either by increasing the number of circulating PMNs or en-
hancing the chemotactic signals for PMN migration and ac-
tivation in infected tissue sites. Administration of exogenous 
G-CSF has been shown to stimulate PMN mobilization from 
the bone marrow and augment PMN recruitment into the 
lung in response to infectious stimuli. Subcutaneous injec-
tions of G-CSF (50 μg/kg) twice daily for two days results in 
a 7-fold increase in circulating PMNs and 5-fold increase in 
PMN influx into the alveolar space in rats following an in-
tratracheal LPS challenge [82]. This enhanced PMN recruit-
ment is resulted from both an increase in the number of cir-
culating PMNs and up-regulation of the PMN response to 
chemotactic signals [62]. G-CSF has been show to enhance 
pulmonary antibacterial defenses in rats infected with K. 
pneumoniae [120]. In these experiments, G-CSF augmented 
pulmonary recruitment of PMNs in infected control rats and 
significantly attenuated the adverse effects of alcohol on 
PMN delivery into the infected lung. G-CSF enhanced pul-
monary clearance of bacteria in both control and alcohol-
treated rats and improved the survival. G-CSF has also been 
shown to attenuate the adverse effects of alcohol on PMN 
functional activities, including the expression of adhesion 
molecules and phagocytosis [82, 121, 122]. 

 A clinical trial of 756 patients with community-acquired 
pneumonia has shown that subcutaneous injection of G-CSF 
(300 μg/day) to patients for up to 10 days causes a 3-fold 
increase in the number of circulating PMNs [123]. G-CSF 
treatment is well-tolerated by these patients. Patients treated 
with G-CSF exhibit a faster resolution of X-ray abnormali-
ties and fewer complications including the adult respiratory 
distress syndrome and disseminated intravascular coagula-
tion. These observations suggest that G-CSF may be useful 
in the treatment of pulmonary infections in immunocom-
promised patients such as individuals who abuse alcohol. 

 GM-CSF is known to play an important role in promot-
ing host defense against Gram-positive and Gram-negative 
bacteria, mycobacteria, Pneumocystis carinii, and fungi. 
Animal experiments have shown that alcohol consumption 
does not affect pulmonary production of GM-CSF. However, 
the expression of the GM-CSF receptor by alveolar macro-
phages and the alveolar epithelium is significantly reduced in 
rats fed an alcoholic diet [124, 125]. In parallel, cellular ex-
pression and nuclear binding of PU.1, a key transcription 
factor that drives a number of GM-CSF-dependent macro-
phage functions, are reduced by alcohol ingestion. Intrapul-
monary administration of recombinant GM-CSF to alcohol-
fed animals restores GM-CSF receptor expression as well as 
PU.1 protein expression and nuclear binding in alveolar 
macrophages. GM-CSF treatment also improves the func-
tional activities of alveolar macrophages in alcohol-fed rats, 
as shown by LPS-stimulated TNF-  production and phago-

cytosis of bacteria. In addition, GM-CSF treatment restores 
alveolar epithelial barrier function that has been damaged by 
alcohol, even during acute endotoxemia [126]. In an experi-
mental model of CD4 depleted mice with pulmonary P. 
carinii infection, administration of GM-CSF has been re-
ported to reduce the intensity of P. carinii infection which is 
associated with enhanced alveolar macrophage TNF-  pro-
duction [45, 127]. In a clinical trial of GM-CSF therapy for 
treatment of patients with sepsis, it has been shown that a 72-
h period of infusion with GM-CSF at a dose of 125 μg/m

2
 

causes up-regulation of CD11b expression on circulating 
PMNs and monocytes with more frequent resolution of in-
fection in these patients [128]. In another clinical trial of 
approximately 1200 neutropenic patients with pneumonia, it 
was reported that GM-CSF (mean dose of 5 μg/kg daily) 
administration for a mean period of 13 days (2 to 57 days) 
restored blood leukocyte counts [129]. Hematopoietic reco-
very was observed in 74% of the patients with a good clini-
cal and/or radiologic improvement in 63% of these patients. 
This investigation also reported that GM-CSF was well-
tolerated in the majority of patients (89%). These studies 
suggest that GM-CSF may be beneficial for improving host 
defense functions against pulmonary infection in immuno-
compromised hosts including patients who abuse alcohol. 
However, like many other immune modulating agents, GM-
CSF may cause serious side effects. Nonspecific activation 
of the proinflammatory cascade may result in generalized 
inflammation and tissue injury. It has been reported that 
higher GM-CSF doses (i.e., greater than 15 μg/kg daily) are 
likely associated with more serious side effects [130, 131]. 

 IFN-  enhances host defenses against viruses, bacteria, 
fungi, and parasites. In vitro studies have shown that macro-
phages stimulated by IFN-  are able to kill over 3 dozen dif-
ferent pathogens [132]. Administration of IFN-  in conjunc-
tion with antibiotics generates synergistic or additive effects 
in the treatment of certain pulmonary infections (S. aureus, 
P. carinii, and C. neoformans) in immunocompromised 
hosts. Intratracheal instillation or aerosol inhalation of IFN- 
 activates alveolar macrophages and enhances the microbi-

cidal activities of the lung [52, 133, 134]. We have shown 
that administration of a recombinant adenoviral vector en-
coding the murine IFN-  complementary DNA to rat lung 
produces prolonged expression of biologically active IFN-  
in the airways. Pulmonary TNF production, PMN recruit-
ment, and bactericidal activity are significantly augmented in 
both normal and alcohol-intoxicated animals [135, 136]. 
Intrapulmonary administration of IFN-  has been shown to 
enhance the pulmonary CXC chemokine response in ex-
perimental animals [137]. Alcohol-induced suppression of 
MIP-2 and CINC production in the lung following intrapul-
monary LPS challenge is also attenuated by IFN-  treat-
ment. 

 Clinical investigations have shown that IFN-  adminis-
tered either locally or systemically for the treatment of pul-
monary and other infections is well-tolerated by patients. In 
patients with disseminated atypical mycobacterial infection 
(Mycobacteria avium complex), IFN-  administration in 
combination with antimycobacterial chemotherapy results in 
clinical improvement. The treated patients rapidly clear the 
infection and become afebrile [138]. Similar results have 
been seen in patients with AIDS. A study of patients with 
multidrug resistant tuberculosis has shown that aerosol-
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administration of 500 μg IFN-  three times a week for 1 
month eradicates mycobacteria in sputum in all patients 
[139]. Based on data obtained from animal experiments and 
clinical studies, IFN-  therapy may be a promising approach 
in the management of pulmonary infection in patients im-
munocompromised by alcohol. 

SUMMARY 

 Alcohol abuse profoundly impairs the host defense 
mechanisms in the respiratory tract and increases host sus-
ceptibility to a wide spectrum of pulmonary infections. Bac-
terial pneumonia and other lung infections are more common 
and severe in individuals who abuse alcohol. Treatment of 
lung infections in these patients is quite difficult. While ag-
gressive antibiotic therapy remains the mainstay for the 
treatment of these infections, a combination of immuno-
modulatory agents with antibiotic therapy may provide a 
new effective approach for the treatment of lung infections 
in alcohol-abusing patients.  

 

Key Learning Objectives:  

Alcohol is the most frequently abused drug. Alcohol abuse predisposes 

the host to infectious diseases, particularly pulmonary infections. The 
respiratory tract possesses a sophisticated immune defense system which 

effectively protects the host from infections. The immune system in the 
airways consists of both innate and specific immunity. Alcohol impairs 

both components of immune defense. Treatment of pulmonary infec-
tions in immunocompromised patients is a major challenge to our health 

care system. Adjuvant therapy with immunomodulatory agents may 
provide a new approach in the management of alcohol-abusing patients 

with severe lung infections. 

 

Future Research Questions:  

Future studies will focus on the molecular mechanisms by which alcohol 

injures specific components of the immune system. Investigations into 
the actions of immunomodulatory mediators will form a foundation for 

developing new therapeutic strategies to treat alcohol abusing patients 
with pulmonary infections. 
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ABBREVIATIONS 

AIDS = Acquired immunodeficiency syndrome 

ALPS = Alcoholism, leucopenia, and pneumococcal  
syndrome   sepsis syndrome 

ARDS = Adult respiratory distress syndrome 

BAL = Bronchoalveolar lavage 

cdk = Cyclin-dependent kinase 

CINC = Cytokine-induced neutrophil chemoattractant 

CTL = Cytotoxic T lymphocytes 

ERK = Extracellular signal-regulated kinase 

G-CSF = Granulocyte colony-stimulating factor 

GM-CSF = Granulocyte macrophage colony-stimulating  
   factor 

G-CSFR = Granulocyte colony-stimulating factor  
   receptors 

HIV = Human immunodeficiency virus 

IFN-  = Interferon-  

IL-1  = Interleukin-1-  

IL-8 = Interleukin-8 

IL-10 = Interleukin-10 

IL-12 = Interleukin-12 

IL-17 = Interleukin-17 

Jak = Janus family tyrosine kinase 

KC = Keratinocyte-derived chemokine 

LPS = Lipopolysaccharide 

MAPK = Mitogen activated protein kinase 

MIP-1  = Macrophage inflammatory protein-1-  

MIP-2 = Macrophage inflammatory protein-2 

MHC = Major histocompatibility complex 

PBMC = Peripheral blood mononuclear cells 

PMNs = Polymorphonuclear leukocytes or neutrophils 

STAT = Signal transducer and activator of transcription 

S100A8 = Calgranulin A or myeloid-related protein 8,  
   MRP8 

S100A9 = Calgranulin B or myeloid-related protein 14,  
   MRP14 

Th = Helper T lymphocyte 

TNF-  = Tumor necrosis factor-  
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