Pulmonary disorders, including vocal cord dysfunction
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The lung is a very complex immunologic organ and responds in
a variety of ways to inhaled antigens, organic or inorganic
materials, infectious or saprophytic agents, fumes, and irritants.
There might be airways obstruction, restriction, neither, or both
accompanied by inflammatory destruction of the pulmonary
interstitium, alveoli, or bronchioles. This review focuses on
diseases organized by their predominant immunologic
responses, either innate or acquired. Pulmonary innate immune
conditions include transfusion-related acute lung injury, World
Trade Center cough, and acute respiratory distress syndrome.
Adaptive immunity responses involve the systemic and mucosal
immune systems, activated lymphocytes, cytokines, and
antibodies that produce CD4* Ty1 phenotypes, such as for
tuberculosis or acute forms of hypersensitivity pneumonitis, and
CD4" Ty2 phenotypes, such as for asthma, Churg-Strauss
syndrome, and allergic bronchopulmonary aspergillosis.

(J Allergy Clin Immunol 2010;125:S248-54.)
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Pulmonary disorders can be organized according to whether the
primary immune responses are characterized by innate or adap-
tive immune responses. The innate responses use complement
activation or activation of polymorphonuclear leukocytes (PMNs)
and occur without a period for sensitization. The adaptive
responses include Ty 1 or T2 lymphocytes, eosinophils, antibody
mediated, and granuloma formation.' This chapter will review the
various pulmonary disorders with a predominant immunologic
pattern and also discuss vocal cord dysfunction (VCD), which
can coexist with asthma or occur independently and results in
cough, shortness of breath, and dyspnea.

INNATE IMMUNE RESPONSES

Transfusion-related acute lung injury
Transfusion-related acute lung injury (TRALI) is a nonhemo-

Iytic transfusion reaction that occurs within 10 minutes to as long

as 6 hours after infusion of a blood product and causes very severe

noncardiogenic pulmonary edema, cyanosis, arterial hypoxemia,

and respiratory failure.>* The donor plasma typically contains
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ABPA: Allergic bronchopulmonary aspergillosis
ANCA: Antineutrophil cytoplasmic antibody
ARDS: Acute respiratory distress syndrome
BAL: Bronchoalveolar lavage
COPD: Chronic obstructive pulmonary disease
CSS: Churg-Strauss syndrome
CT: Computed tomography
FVC: Forced vital capacity
HDAC: Histone deacetylase
LT: Leukotriene
PMN: Polymorphonuclear leukocyte
RADS: Reactive airways dysfunction syndrome
TLR: Toll-like receptor
TRALI: Transfusion-related acute lung injury
VCD: Vocal cord dysfunction

antibodies to human neutrophil antigens or HLA class I or II an-
tigens.>* Neutrophil alloantibodies are found in 10% to 20% of
female donors and 1% to 4% of male donors, yet the incidence
of TRALI is about 1:5000 transfusions.’ Alloantibodies are gen-
erated during pregnancy, but of course that would not explain the
presence of such antibodies in men. Some recipients have anti-
neutrophil antibodies. The immediate reaction, which might re-
semble anaphylaxis, involves sequestration of PMNs in the
pulmonary vasculature, complement activation, and generation
of TGF-f3, IL-8, and IL-13.2 Immune complexes activate PMN’s
and cause disruption of the endothelium barrier to plasma. TRALI
is extremely rare after intravenous immunoglobulin infusions but
occurs with infusions of platelets (suspended in plasma), whole
blood, cryoprecipitates, and fresh frozen plasma.

The immediate management includes stopping the infusion,
oxygen, mechanical ventilation if indicated, and treatment of
hypotension with vasopressors. Donors should be deferred from
future donations. Indeed, some transfusion experts have recom-
mended that the donor pool should not include women who have
been pregnant and that donor plasma be tested for alloanti-
bodies.”* Neither of these suggestions are standard practice.

Acute respiratory distress syndrome and acute lung
injury

Acute respiratory distress syndrome (ARDS) and acute lung
injury represent diffuse pulmonary disease that can be fatal.* ARDS
is a more severe form of acute lung injury. Causes include sepsis,
pneumonia, trauma, or aspiration pneumonia.4 Patients experience
severe dyspnea, tachypnea, and hypoxemia. The chest roentgeno-
gram and computed tomographic (CT) examination demonstrate
bilateral infiltrates, alveolar consolidation, and “white out” of the
lung. The alveoli collapse as they become filled with protein and fi-
brin-rich exudates (hyaline membranes), which inactivate surfac-
tant.*> Neutrophils release oxidant proteases, which damage the
capillary endothelium. Bronchoalveolar lavage (BAL) reveals the
presence of PMNs, procoagulant activity, IL-8 (chemotactic for
PMNs), IL-2, IL-6, and TGF-. There is reduced apoptosis of
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PMNs, which is attributable to increased concentrations of BAL
fluid IL-2, IL-8, granulocyte colony-stimulating factor, GM-CSE,
and growth-related oncogene o’ Alternatively, there is enhanced
apoptosis of epithelial cells, resulting in the lack of a sufficient bar-
rier between the alveoli and capillaries. TNF-related apoptosis-in-
duced ligand levels are increased in BAL fluid in patients with
ARDS and are recognized as proapoptotic for epithelial cells.®

Patients requiring mechanical ventilation benefit from smaller
volumes, such as a tidal volume of 6 mL/kg, with positive end-
expiratory pressures of 5 to 10 cm H,O. Fluid replacement should
be conservative. Corticosteroids and other interventions, such as
nitric oxide and surfactants, are not effective.’

Community-acquired pneumonia

Community-acquired pneumonia presents with a productive
cough, fever, pleuritic chest pain, and abnormal chest roentgen-
ographic results.® On auscultation, there can be crackles and bron-
chial breath sounds. Most pathogens include viruses,
Streptococcus pneumoniae, Haemophilus influenzae, Myco-
plasma pneumoniae, Staphylococcus aureus, and Legionella
pneumophila.® There might be no recovered organisms in some
patients. Comorbidities influence survival.®

Levels of proinflammatory cytokines, such as TNF-a and IL-6,
and the anti-inflammatory cytokine IL-10 are increased in those
patients who succumb compared with survivors.” Impaired recog-
nition of molecular patterns of bacteria is associated with decreased
activation of innate immunity and worse clinical outcomes.'® Toll-
like receptors (TLRs) recognize pathogen-associated molecular
patterns, and genetic polymorphisms have been identified in
patients who had invasive S pneumoniae infections.'® For example,
polymorphisms of TLR4 impair its function in recognition of S
pneumoniae pneumolysin, whereas polymorphisms of CD14, a
coreceptor on monocytes for both TLR2 and TLR4, are associated
with invasive S pneumoniae infections.'® Polymorphisms in
FCyRIIA increase the susceptibility to invasive disease. Current
therapy includes early administration of antibiotics and supportive
care. Future diagnosis might identify at-risk subjects proactively,
and therapies will be able to strengthen the innate immune system.

NONINFECTIOUS PULMONARY CONDITIONS

Byssinosis occurs from the inhalation of dusts from flax,
cotton, sisal, and hemp. The dusts produce bronchoconstriction,
typically on the first day of the workweek, but then tachyphylaxis
develops with continued exposure. Byssinosis is not asthma or
hypersensitivity pneumonitis.' At-risk workers include those who
are exposed to endotoxin during the processing of raw cotton. In
contrast, workers who spin cotton are not exposed to the high con-
centrations of endotoxin and are considered at low risk. Long-
term exposure can result in symptoms of chronic bronchitis and
cough. Modest reductions in FEV; and forced vital capacity
(FVC) have been found, but concurrent smoking appears to be
the major contributor as opposed to workplace exposures. Preven-
tion includes methods to reduce the generation of endotoxins
from gram-negative bacteria by reducing exposure to waste
from cotton.

In contrast to byssinosis, the organic toxic dust syndrome is a
toxic alveolitis that produces influenza-type symptoms of sudden-
onset headache, chills, nonproductive cough, myalgias, arthral-
gias, and dyspnea. Crackles can be present on lung auscultation.
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The onset of symptoms is within 12 hours of inhalation of organic
dusts. Although the clinical presentation might mimic that of
acute hypersensitivity pneumonitis, there is no requirement for
prior exposure or immunologic sensitization (see the later section
on hypersensitivity pneumonitis). Various circumstances of ex-
posure have been described, such as from organic mulch,
endotoxin-rich vegetables and grass seeds, and contaminated
seaweed. Massive inhalation of microbial products can cause an
ARDS-like presentation, and this is designated as organic dust
toxic syndrome or pulmonary mycotoxicosis."'

In patients with silo-unloader’s disease, there is inhalation of
nonorganic gases, such as NO, NO,, or N,O,. These nitrogen ox-
ides then generate nitric and nitrous acids that cause noncardiac pul-
monary edema and, in some patients, methemoglobinemia. Deaths
can occur, whereas survivors might have bronchiolitis obliterans.

Grain-handler’s disease occurs in agricultural workers with a
chronic cough, symptoms of chronic bronchitis, or wheeze after
exposure to grain dusts. Concurrent cigarette smoking appears to
be more injurious to the lung and associated with reductions in
spirometric values. Measures to reduce exposure to dust are
beneficial. Because of less implementation of safety standards,
there is a major concern that workers will experience grain-
handler’s disease and other respiratory disorders in the world’s
emerging economies.

Reactive airways dysfunction syndrome

The reactive airways dysfunction syndrome (RADS) describes
a single unexpected inhalation of high concentrations of irritant
fumes, vapors, fog, or smoke that results in acute cough, dyspnea,
and wheezing within 24 hours.'? An asthma-like syndrome begins
that can last for months or years. Bronchial hyperreactivity can be
demonstrated by means of methacholine challenge testing, and
spirometry reveals normal or decreased FEV,, FVC, and FEV/
FVC ratio. There might be little to no bronchodilator response
to albuterol. Bronchial biopsy specimens demonstrate loss of ep-
ithelium, subepithelial fibrosis, and infiltrates with lymphocytes
but not eosinophils (as would be characteristic of asthma).

RADS might be confused with occupational asthma, where
there is a sensitization period of months or years before symptoms
begin, and with aggravation of underlying asthma. But RADS
refers to the acute irritant-induced asthma.

World Trade Center cough

The first responders to the 2001 collapse of the World Trade
Center in New York City experienced a very troublesome cough
within 24 hours of beginning rescue operations.'*"'* The exposures
included acrid smoke, fires that burned for 3 months, asbestos, glass
fibers, lead, and aromatic compounds. Many responders did not use
protective masks. Subsequent evaluations identified methacholine
hyperreactivity in 24% and a reduced FEV,/FVC ratio of less
than 0.75 in 16% of affected subjects.13 The high exposures would
be consistent with a diagnosis of RADS in some subjects.'*

vCcD

VCD is a form of “functional” or nonanatomic upper airway
obstruction.'> The inspiratory tracing on a flow-volume loop is
truncated (Fig 1) or incompletely performed. Other causes of non-
anatomic inspiratory obstruction include vocal cord paralysis,
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neuromuscular disorders, and sleep disorders."” In contrast, some
anatomic abnormalities that cause a truncated inspiratory loop in-
clude a large goiter, tracheal stenosis, and an obstructing tumor.
Symptoms of VCD include dyspnea, wheeze, tightness in the
neck, shortness of breath, inability to breathe deeply or satisfac-
torily, and coughing. Some patients with VCD have concurrent
asthma and chronic rhinosinusitis with postnasal drainage or gas-
troesophageal reflux or atypical (laryngopharyngeal) reflux. VCD
can be intermittent and might not be present when the patient is
distracted, sedated, or asleep. VCD can masquerade as or coexist
with severe asthma.'®

Recognition of VCD might begin with the truncated inspiratory
loop of the flow-volume tracing, especially when the patient is
symptomatic. Alternatively, it can be suspected when the patient’s
difficulty breathing surpasses the physical findings, such as clear
chest on auscultation, wheezes over the neck but not lower airways,
whispering instead of talking loudly, and refusal to inspire to total
lung capacity or produce an appropriate forced expiratory maneu-
ver. Bronchoscopy might be of value in excluding other causes.
Fiberoptic laryngoscopy can help demonstrate the adduction of
vocal cords during inspiration. When methacholine challenge tests
are performed in patients with VCD, there might or might not be
apparent flattening of the inspiratory flow-volume loop or, in fact,
quite severe airways obstruction, even stridor or respiratory arrest.
The latter can occur in patients with major psychiatric diagnoses
and even should be anticipated in considering a methacholine
challenge test in such patients with VCD.

Some patients benefit from speech therapy, which can empha-
size breathing through the abdomen as opposed to thoracic
breathing. Nevertheless, other patients with psychologic or
psychiatric conditions might not overcome their VCD. When
this is the case, it is important to avoid continued treatment with
systemic corticosteroids unless it is demonstrated that there is
both persistent asthma and VCD.

GRANULOMATOUS T41 INFLAMMATORY
CONDITIONS

The granulomatous Tyl conditions comprise sarcoidosis, tu-
berculosis, berylliosis, and hypersensitivity pneumonitis. CD4
Tyl lymphocytes participate in granuloma formation. Some cyto-
kines include IL-2, IL-12, and IFN-vy. IFN-v, which is generated
by CD4 Ty1 and CD8™" lymphocytes, can be measured in patients
with tuberculosis, and the US Food and Drug Administration has
approved an assay that helps in the diagnosis of tuberculosis.'’
Class I MHC-restricted CD8" lymphocytes can function as
memory cells to Mycobacterium tuberculosis."® In patients with
advanced pulmonary tuberculosis, the BAL fluid reveals in-
creased numbers of CD4" lymphocytes and increased CD4*/
CD8™ ratios. There is evidence for pulmonary sequestration or
compartmentalization of the CD4* lymphocytes because the pe-
ripheral blood CD4 " Iymphocytes can be decreased relatively
and the CD4"/CD8™ ratio is reduced because of increases in
the numbers of CD8" lymphocytes.'” In patients with HIV/
AIDS, the low numbers of CD4" lymphocytes are associated
with greater susceptibility and more severe tuberculosis,”® includ-
ing decreased delayed hypersensitivity responses (type IVal).

Granulomas help limit the replication of mycobacteria; how-
ever, lung architecture is destroyed in the process. CD4"CD25™
regulatory T cell numbers are increased in patients with tubercu-
losis and are thought to help control or attempt to control the
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FIG 1. Flow-volume loop of a 26-year-old woman with shortness of breath,
wheezing, and cough. Note blunting of the inspiratory phase versus
predicted value. FVC was 3.19 L (91%), FEV, was 2.75 L (91%), and FEV,/

FVC ratio was 0.86. Notably, forced expiratory flow at 50%/forced inspira-
tory flow at 50% of FVC was increased at 1.62 (normal value is <1).

intensity of the CD4"* Tyl granulomatous responses.?' The ex-
pression of the transcription factor forkhead box protein 3 is in-
creased and is indirect evidence of regulatory T-cell suppression
of the granulomas.

Sarcoidosis remains a disease of unknown cause that produces
noncaseating, epithelioid granulomas that can affect most organ
systems.”> BAL fluid recoveries demonstrate very high numbers
of activated CD4™ lymphocytes, which are sustained by IL-2.
CD4" Tyl lymphocytes participate in formation of the granu-
loma, in association with IFN-y, and activated macrophages.
IL-18, derived from monocyte/macrophages and airway epithe-
lial cells, upregulates expression of IL-2 and supports IFN-y pro-
duction.?® IL-18 levels are increased in BAL fluid and plasma and
have been associated with progression of sarcoidosis.

Although not all patients are treated because up to two thirds
have a spontaneous remission, initial pharmacotherapy is with
oral corticosteroids. In an attempt to reduce the granulomatous
response, TNF-a inhibitors have been administered to patients
with sarcoidosiszz; their role is not established, however. Endo-
bronchial sarcoidosis is a rare cause of cough and wheezing.

GRANULOMATOUS T42 INFLAMMATORY
CONDITIONS

Churg-Strauss syndrome (CSS) is a systemic, necrotizing,
eosinophil-laden granulomatous vasculitis. The presentation can
be that of (1) asthma with pulmonary infiltrates, (2) peripheral
blood eosinophilia, (3) peripheral neuropathy (mononeuritis mul-
tiplex), or (4) palpable purpura. When a patient with asthma
experiences palpable purpura on the shins or upper extremities or if
foot or wrist drop occurs, CSS should be suspected. A decrease in
oral corticosteroids or in high-dose inhaled corticosteroids might
be associated with onset of fever and eosinophilic pneumonia,
purpura, or wrist drop, any of which should raise the possibility of
CSS. Histologic evidence for CSS can be obtained by means of
skin biopsy or biopsy of nerves (eg, sural) or pulmonary tissue.

Laboratory findings demonstrate peripheral blood eosinophilia
(20% to 60%), CD4™ Ty2 lymphocytes, increased total IgE con-
centrations, and antineutrophil cytoplasmic antibodies (ANCAs).
Approximately 60% of patients have the perinuclear pattern of
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ANCAs, which on ELISA is positive for antibodies to myeloper-
oxidase, whereas 10% of patients have positive results for cyto-
plasmic staining, with antibodies directed against proteinase-3."
Although the presence of a perinuclear pattern of ANCAs is help-
ful in supporting a diagnosis, the ANCA titers do not provide
prognostic information for disease management.”** Similarly,
eosinophil-derived major basic protein and cationic protein
have not been demonstrated to have utility in guiding treatment.”*
Urinary concentrations of leukotriene (LT) E4, the major metab-
olite of LTC, and LTD,, and eosinophil-derived neurotoxin and
3-bromotyrosine, a marker for oxidation of eosinophils, are in-
creased in patients with CSS.?

The 6-year survival has been reported to be 70%.%* Long-term
survival, up to 26 years, has also been reported.27 The most effec-
tive therapy has been with oral corticosteroids.>*?” Additional
corticosteroid-sparing and immunosuppressive therapies include
cyclophosphamide, azathioprine, IFN-a, mepolizumab (anti—
IL-5), omalizumab (anti-IgE), and rituximab (anti-CD20 B
lymphocytes). There are potential untoward effects from cyclo-
phosphamide (cytopenias, hemorrhagic cystitis, and malignancy
potential), azathioprine (cytopenia, nausea, and vomiting), and
IFN-a (depression and progressive multifocal leukoencephalopa-
thy). Often patients can be managed long-term with prednisone
administered on an alternate-day schedule with or without immu-
nosuppressive therapy, such as with azathioprine. Abrupt discon-
tinuation of prednisone is not advisable because it can result in
fever, eosinophilia, and pulmonary infiltrates within a few days,
demonstrating that the CSS might be controlled but is not in
remission.

Tw1-RELATED INFLAMMATORY CONDITIONS
Hypersensitivity pneumonitis

Hypersensitivity pneumonitis is a CD4™ Ty1 and CD8" lym-
phocyte—predominant alveolitis that results in noncaseasting
granulomas and pulmonary fibrosis. Clinical stages include acute,
subacute (clinically similar to acute), and chronic. In the acute
and subacute stages inhalation of organic antigens causes cough,
shortness of breath, myalgias, and fever within 4 to 6 hours. The
physical examination would reveal pulmonary crackles. A patient
might self-treat for “flu” or be given an improper diagnosis of
community-acquired pneumonia. When there is continued or re-
peated exposure to antigens, such as bird excreta, patients might
have subacute episodes or evolve into chronic hypersensitivity
pneumonitis where typical flu-like illness does not occur. The lat-
ter patients experience a nonproductive cough and progressive
dyspnea and, in advanced cases, oxygen requirements. Pulmo-
nary function tests in the acute and subacute stages typically are
described as restrictive; however, especially with bird fanciers,
obstructive findings can occur and mimic asthma. The restrictive
findings are associated with a decreased diffusing capacity for
carbon monoxide. In contrast, the diffusing capacity for carbon
monoxide in patients with asthma is normal or even increased.

High-resolution CT scans demonstrate small nodules (<5 mm)
that indicate alveolitis or areas of pulmonary fibrosis. Mosaic
findings of fibrosis are present in patients with chronic hypersen-
sitivity pneumonitis. An example of pulmonary fibrosis and
traction bronchiectasis from avian hypersensitivity pneumonitis
is shown in Fig 2.

There is striking BAL lymphocytosis of 60% to 80% from
acutely ill patients.”®* The classic finding is a CD4/CD8 ratio of
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less than 1, whereas in patients with sarcoidosis, the CD4/CDS ra-
tio is as high as 8 because of the CD4™ alveolitis.*® In patients
with hypersensitivity pneumonitis, levels of Ty 1 cytokines are in-
creased, including IL-12, TL-18, and TNF-a. CD8™ lymphocytes
serve as effector cells but are not sufficiently functional.***'°? In
contrast, in patients with chronic hypersensitivity pneumonitis,
there can be an increase in the CD4/CD8 ratio as the CD4 (and
Ty2) lymphocytes increase and CD8™ lymphocytes decrease.*?
It has been suggested that the effector CD8 " lymphocytes be-
come “exhausted.” These data suggest that chronic hypersensitiv-
ity pneumonitis is associated with “skewing” toward Ty2
lymphocytes, IL-4 production, and pulmonary fibrosis.** IL-17,
which is proinflammatory, increases activation and numbers of
neutrophils, and upregulates IL-6, IL-8, and TNF-a, might partic-
ipate in hypersensitivity pneumonitis.**>**

Treatment includes early identification of patients with hyper-
sensitivity pneumonitis, avoidance/remediation of the antigens
involved, oral corticosteroids for short-term use, and monitoring
of overall respiratory status depending on the stage that is present.

Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease (COPD) is character-
ized by fixed dyspnea, lack of fully reversible airways obstruction,
and progressive loss of FEV| over time. Cessation of cigarette
smoking and use of oxygen have proved of value. Pharmacother-
apy includes short- and long-acting bronchodilators and anticho-
linergic medications. For patients with moderate—to—very severe
COPD, when the FEV is less than 50% and the FEV/FVC ratio
is less than 70%, combination inhaled corticosteroid/long-acting
[3-agonist therapy is recommended. Treatment with combination
fluticasone propionate and salmeterol has resulted in fewer exac-
erbations but not fewer deaths.* In a study of patients with COPD
in whom fluticasone/salmeterol or salmeterol was added to tio-
tropium, there was no additional benefit over tiotropium in the pri-
mary outcome of exacerbations of COPD.*® Secondary outcomes
did demonstrate increases in FEV, fewer hospitalizations, and
improved quality-of-life measures in those patients receiving flu-
ticasone/salmeterol.’® An unexpected finding has been increased
numbers of cases of pneumonia in patients with COPD receiving
high-dose fluticasone propionate.35 37

The pathogenesis of COPD includes cigarette smoking (most
cases), viral or bacterial infections (or a combination), genetic
susceptibility, oxidative stress, and little to no response to high-
dose corticosteroids. Sputum often harbors PMNSs, but eosino-
phils can be present with either viral or combined viral and
bacterial infections.>® In patients with COPD, not only is there
presence of PMNs and macrophages, there are also increases in
CD4 Tyl and CDS8 lymphocyte numbers.*

The impaired response to corticosteroids helps differentiates
COPD from asthma in most cases. After absorption, the cortico-
steroid binds to its receptor and traverses the cytoplasm and enters
the nucleus, where it interacts with glucocorticoid response
elements of DNA.*® Then corticosteroids can reduce levels of
the proinflammatory transcription factors nuclear factor kB and
activator protein 1. It is thought that these transcription factors
would have been upregulated by viral upper respiratory tract in-
fections. Transcription factors can be generated as the DNA-his-
tone complex “unwinds” during a process of acetylation by
histone acetyltransferase.*” Histone acetyltransferase levels are
increased in some but not all cases of COPD, whereas in patients
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FIG 2. A 62-year-old woman who presented with “uncontrolled asthma” and had pulse oxygenation of 83%
on room air reported shortness of breath for 6 years. She had 5 birds at home and worked at an exotic
animal house. The CT examination revealed widened (bronchiectactic) bronchi, honeycomb fibrosis, and
some opacities near the bronchi. The bronchiectasis occurred because of traction by the lung parenchyma/
interstitium on the bronchi. The diffusion capacity of the lung for carbon monoxide was 39%, and the FVC
was 74%. FEV, was 84% of predicted value, with a 6% improvement with albuterol.

with asthma, they are increased consistently.*” Gene repression
can occur when the DNA is deacetylated by histone deacetylase
(HDAC) as the DNA is compacted. HDAC levels are reduced in
both patients with COPD and those with asthma, but corticoste-
roids will increase HDAC levels in patients with asthma but not
those with COPD.*® Lack of deacetylation of the DNA in patients
with COPD can favor sustained proinflammatory action and lack
of response to corticosteroids, which is in contrast to what occurs
in patients with asthma.

Th2-RELATED INFLAMMATORY CONDITIONS

It has been reported that the half-life of eosinophils in
peripheral blood is 8 to 18 hours and 2 to 5 days or longer in
tissue.*' In addition, perhaps there are at least 100 times as many
eosinophils in tissue than in peripheral blood.*' In the bone mar-
row eosinophils differentiate and proliferate from CD34 " progen-
itors (see Chapter 6) with the major cytokines IL-3, IL-5, and
GM-CSFE.** Potent chemoattractants for eosinophils include
RANTES, CCL11 (eotaxin-1), platelet-activating factor, and
LTB,.** The interaction of very late antigen 4 on eosinophils
with vascular cell adhesion molecule 1 on endothelium results
in firm adhesion to the endothelial cells. During allergic reactions,
IL-4, IL-13, and TNF-a will upregulate vascular cell adhesion
molecule 1, enhancing this process.

In Table I there is a list of prototype pulmonary eosinophilia
syndromes or conditions. One prototype condition is allergic
bronchopulmonary aspergillosis (ABPA), which complicates
both asthma and cystic fibrosis.**** ABPA might overlap with ei-
ther hyper-IgE syndrome or chronic granulomatous disease.*’ Pa-
tients with asthma who have ABPA typically experience
pneumonias or pulmonary infiltrates with eosinophilia (10% to
30%) but not peripheral blood eosinophilia as high as 40% to
60%, which occurs with CSS or parasitism. All patients have

immediate skin reactivity to Aspergillus fumigatus. Because
some commercial mixtures of Aspergillus species or mold mixes
contain little or no A fumigatus, it is advisable to use a reactive ex-
tract for screening. Negative skin test results help to exclude
ABPA for nearly all patients unless there is an allergic broncho-
pulmonary mycosis present. High-resolution CT examination
demonstrates proximal bronchiectasis (inner two thirds of the
lung field) in contrast to the distal bronchiectasis that occurs in
some patients with COPD or recurrent infections. In patients
with cystic fibrosis, there is proximal and distal bronchiectasis,
and such a finding should suggest the possibility of concomitant
(usually pancreatic sufficient) cystic fibrosis. In patients with
ABPA, the predominant response is that of CD4 " Ty2 lymphocy-
tosis; eosinophilia; increased total serum IgE and anti-A fumiga-
tus IgE, IgG, and IgA antibody levels; precipitating antibodies to
A fumigatus and a genetically restricted susceptibility profile; and
increased responsiveness to I1L-4 stimulation.**#¢47

Treatment includes avoidance/remediation of areas in a home/
workplace of obvious mold growth that can occur from unplanned
water entry, oral corticosteroids to clear the pulmonary infiltrates
and manage asthma, antiasthma medications as indicated, mon-
itoring of the total serum IgE concentration because doubling
over baseline values indicates a possible current new pulmonary
infiltrate, and assessment of pulmonary function and respiratory
status over time.*’ For initial treatment of a patient with newly di-
agnosed ABPA, the dose of prednisone is 0.5 mg/kg given each
morning for 1 to 2 weeks, with conversion to alternate day-ther-
apy for 2 months. The radiographic findings can be expected to
clear or be reduced, as demonstrated by means of high-resolution
CT examination in 2 months. Then the prednisone can be tapered
and discontinued. It is not necessary to continue prednisone indef-
initely in the absence of new infiltrates or development of severe
(prednisone dependent) asthma. With use of the alternate-day
prednisone, serious adverse effects are avoided or minimized.
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TABLE I. Pulmonary eosinophilia syndromes or conditions

Asthma (allergic and nonallergic)
Asthma with atelectasis from mucus plugging
ABPA
Allergic bronchopulmonary mycosis
CSS
Collagen vascular disease (rare)
Drug allergy with pulmonary eosinophilia
Eosinophilic pneumonia
Acute (BAL fluid eosinophilia 25% to 60% with little or no peripheral
blood eosinophilia)
Chronic (high peripheral blood eosinophilia)
Simple eosinophilia (Loffler syndrome)
Tropical pulmonary eosinophilia
Hypereosinophilic syndromes (interstitial infiltrates and pleural effusions,
thromboembolism)
Neoplasms
Parasitism (helminthic)
Sarcoidosis (very rare)

Adapted with permission from Greenberger.'

Antifungal therapies have been used for the treatment of ABPA
and are considered adjunctive.‘m’49 A potentially good candidate
for antifungal therapy is a patient with sputum plugs harboring
A fumigatus despite prednisone therapy. There are reports of the
use of omalizumab®® for patients with ABPA, but it remains to
be established whether this treatment will help to prevent new
infiltrates or improve asthma symptoms.

Eosinophilic pneumonias are divided into 4 types: acute,
chronic, simple, and tropical (Table I). Acute eosinophilic pneumo-
nia can masquerade as severe community-acquired pneumonia and
present with respiratory failure. When there is no or little peripheral
blood eosinophilia, the diagnosis can be made with bronchoscopy
and BAL showing eosinophilia of 25% to 60%. Alternatively, there
might be peripheral blood eosinophilia as high as 42%.>' Drugs,
nonprescription products, parasitism, and other causes of wide-
spread pulmonary infiltrates should be considered.

Chronic eosinophilic pneumonia is characterized by respira-
tory symptoms for at least 2 weeks, peripheral blood eosinophilia
of at least 1000/mm° or BAL eosinophilia of greater than 25%,
and bilateral pulmonary infiltrates.”” In classic presentations the
infiltrates are in the periphery, suggesting the photographic nega-
tive of pulmonary edema. Most patients require years of oral cor-
ticosteroid treatment. The radiographic infiltrates and surges of
peripheral blood eosinophilia can be controlled with modest
doses of prednisone.

Simple pneumonia (Loffler syndrome) is a mild condition
lasting less than 4 weeks and has transient pulmonary infiltrates.

Tropical pulmonary eosinophilia is characterized by wide-
spread pulmonary infiltrates and high levels of peripheral blood
eosinophilia. Mediastinal lymph nodes might be enlarged and can
harbor activated eosinophils. Patients typically have lived in
endemic areas of parasites before tropical pulmonary eosinophilia
occurs.

SUMMARY

The immunologic features of pulmonary disorders can be used
to categorize various conditions and provide focus for potential
innovative therapies. Although usually there is not a single
treatment that antagonizes a critical component of either the
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innate or acquired immune system and results in clinical im-
provement, complex conditions might be amenable to immuno-
logically based treatments in the future. A more ambitious goal is
primary prevention of many of the pulmonary conditions
discussed in this chapter. The ability to diagnose pulmonary
conditions and the masquerader of asthma, VCD, continues to
improve, which should result in earlier diagnoses and improved
outcomes.
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