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Pulmonary Involvement in 
Immunocompromised Rosts 

The term immunocompromised host is referred to a patient 
whose resistance to infection is diminished or comprornised. 
The immunocompromised status occurs in a variety of situa
tions due to either immunodeficiency or immunosuppression 
(Table 15-1). Immunodeficiency may be congenital or acquired. 
The latter occurs as a result of infection by human immunode
ficiency virus (HIV) causing a syndrome, commonly referred 
to as acquired immunodeficiency syndrome (AIDS), which is 
the most common cause of immunocompromised state. 

The immunosuppression occurs in a wide variety of disease 
processes. Some examples of this are malignancies, especially 
hematologic ones, and chronic multi system disorders (e.g., 
rheumatoid disease, systemic lupus erythematosus, and se
verely debilitated patients). Severe immunosuppression is 
caused by cytotoxic drugs and the high doses of radiation used 
so aggressively and effectively against malignancies. Solid or
gan and bone marrow transplant recipients are heavily im
munosuppressed to prevent graft versus host re action and trans
plant rejection. Immunosuppression also occurs with long-term 
corticosteroid therapy in collagen-vascular disorders. 

The preceding described group of patients, whether immun
odeficient or imunosuppressed, are at a very high risk for vari
ous types of infections, neoplasia, and nonneoplastic pulmonary 
diseases, which cause extensive morbidity and mortality. 

Although multi system involvement is common in im
munocompromised patients, the lung is most frequently the 
main target. Besides the infectious processes, these patients 
are also susceptible to certain types of malignancies and 
a broad range of noninfectious, nonneoplastic disease 
processes. This chapter will offer abrief discussion of pul
monary involvement in various immunocompromised states. 
The cytohistologic presentation has been already covered in 
Chapter 4 and thus will not be repeated here. 

Respiratory signs and symptoms and radiographic evidence 
of pulmonary involvement in immunocompromised patients 
occur due to several causes other than infectous processes (e.g., 
hemorrhage, drug reaction, pulmonary edema, oxygen toxicity, 
and radiation pneumonitis), which must be ruled out before any 
treatment for infections is instituted. It is critical that a recur
rent neoplasm be first ruled out in patients with malignancy. 

Although immunocompromised patients are generally sus
ceptible to various infections, their incidence varies among 
the subjects of immunodeficiency and immunosuppression. 

Cytologic Specimens in the 
Diagnosis of Pulmonary Lesions 

Diagnostic methods include examination of sputum, such 
bronchoscopic specimens as brushings, washings, bron
choalveolar lavage, bronchial and transbronchial biopsies, as
piration biopsies of localized lesions, and mediastinal lymph 
nodes and pleural fluid. 

The choice of specimen for cytological evaluation for the 
presence of infectious agents or for malignancy depends on 
several factors. These are whether the lesion is diffuse or 10-
calized, and whether it is parenchymal or endobronchial. Clin
icians that request the tests must be familiar with their ad
vantages as weIl as limitations. 

Sputum 

Sputum may be the first specimen for gram-stain and cul
ture when mycobacterial infection is suspected. In patients 
with AIDS suspected of Pneumocystis carinii pneumonia, 
sputum examination is a rapid, inexpensive, noninvasive tech
nique. Because most patients with AIDS have nonproductive 
cough, the sputum must be induced. The sensitivity is around 
60%. The sensitivity for other opportunistic infections is very 
low. 

Bronchial Brushings and Washings 

Bronchial brushings and washings will be diagnostic only if 
the infectious lesions (e.g., Coccidioides, M. tuberculosis, My
cobacterium avium-intracellulare [MAI], aspergillosis, cryp
tococcosis, or malignancies) present as endobronchiallesions. 
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TABLE 15-1. Immunocompromised states. 

A. Immunodeficiency 
• Congential 
• Acquired Immunodeficiency Syndrome (AIDS) 

• HIV infection 
B. Immunosuppression 

• Malignancies 
• Radiation and chemotherapeutic drugs in patients with malignancies 
• Bone marrow and solid organ transplant recipients 
• Longstanding corticosteroid therapy in patients with collagen vascular 

disease 
C. Chronic infections and debilitation 

Bronchoalveolar Lavage 

For diffuse lung lesions, bronchoalveolar lavage (BAL) of
fers the best results. The diagnostic yield for detection of 
pneumocystis organisms is reported to be 95%. BAL is highly 
effective for the detection of opportunistic pathogens. 

Fine-Needle Aspiration Biopsy 

Fine-needle aspiration biopsy is very effective for localized, 
nodular, or cavitary lesions in HIV patients as weH as in trans
plant recipients. An increased rate of complications has been 
reported by some following needle biopsy procedures. 

Interstitial processes are generally diagnosed by histologi
cal examination of transbronchial or open lung biopsies. Im
prints of the tissue biopsies have also been helpful. 

Pulmonary Complications 
in Patients with AIDS 

The incidence of AIDS in the Uni ted States and globally 
is on the rise, and that rise is very rapid in certain parts 
of the world. Patients with AIDS are susceptible to a mul
titude of infectious and nonneoplastic and neoplastic dis
orders with multi system involvement. Lungs are main tar
gets for infections. Pulmonary manifestations are noted in 
more than 50% of the patients with AIDS, with infections 
being the most common. Table 15-2 lists the pulmonary 
manifestations. 

Pulmonary lesions can be focal, diffuse, endobronchial, or 
cavitory. The chest radiograph may be normal or demonstrate 
reticular, focal, nodular, solitary, or multiple infiltrates. 

Bacterial Pneumonias Associated 
with HIV Infection 

Bacterial infections are much more common in HIV -infected 
patients than are opportunistic infections. Recurrent bacterial 
pneumonia and tuberculosis coexisting with HIV infection are 
one of the criteria for the diagnosis of AIDS by the Centers 
for Disease Control and Prevention (CDC). Two or more 
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episodes within a l-year period are required to meet the case 
definition of AIDS. The bacteria that cause pneumonia in
clude S. pneu/11oniae, H. influenza, Legionella, Nocardia spp., 
and Rhodococcus equii. More than one third of patients with 
AIDS develop a serious bacterial infection during the course 
of their disease. Pneumococcal peumonia is six times more 
frequent than it is in the general population, followed by in
fection by H. influenza. Nosocomial pneumonias are most 
commonly due to gram-negative bacilli and occur with more 
advanced HIV infection associated with high mortality. 

Bronchoscopy and bronchoalveolar lavage in bacterial 
pneumonias are not indicated because there are no specific 
cytologic findings, unless a coexistent infection with Pneu
mocystis is suspected. 

Mycobacterium Tuberculosis 

Tuberculosis is a major infectious complication of HIV in
fection, which is a high-risk factor for either a reactivation or 

TABLE 15-2. Pulmonary complications. 

Infections 
A. Bacterial 

Streptoeoccus pneumoniae 
Haemophilus inf/uenzae 
Chlal11ydia pneul110niae 
Pseudomonas aeruginosa 
Staphy!ococcus aureus 
Moraxella eatarrhalis 
Rhodococcus equi 
Mycohaeterium tuhereulosis 
Mrcohaeteriul11 avium-intraeellulare 
Other nontuberculous mycobacteria 

B. Protozoal 
Pneumocvstis carinii 
Strongyloides stereoralis 
Toxoplasma gondii 
Cryptosporidium 

C. Viral 
Cytomegalovirus 
Adenovirus 
Herpes simplex 
Measles 

D. Fungal 
Cryptoeoecus neoj!Jnnans 
Histop!asma capsulatum 
Aspergillus fumigatus 
Coeeidioides immitis 
Blastomvces dermatitides 

11 Malignancies 
Kaposi' s sarcoma 
Non-Hodgkin's lymphoma 
Carcinoma of the lung 

III Other disorders 
Lymphocytic interstitial pneumonitis 
Nonspecific interstitial pneumonitis 
Bronchiolitis obliterans organizing pneumonia 
Acute respiratory distress syndrome (AROS) 

IV Pleural effusion 

Data from Raoof S, Rosen MJ, Khan FA. Role of bronchoscopy in AIDS. 
Clin Chest Med 1999; 20:63-76. 



Pulmonary Complications in Patients with AIDS 

reinfeetion. The incidence is much higher in Hispanics and 
drug users. Tuberculosis may develop in early stages of HIV 
disease with typical presentation. In advanced state, the pre
sentations are atypical. Clinical and radiologie features differ 
substantially from those in non-HIV -infected patients with 
ordinary tuberculosis. The majority of HIV patients will 
demonstrate a negative tuberculin test. More than 50% of the 
patients have extrapulmonary manifestations, especially 
lymph node involvement. Unlike the usual forms of tubercu
losis, HIV patients have infrequent upper lobe cavitary le
sions, and lower lung zones are more frequently involved. 
Cavitation is unusual. The ehest radiographs are atypical, 
which further suggests a disease other than tuberculosis. The 
granuloma formations are less, whereas the numbers of or
ganisms are considerably greater, but are also pro ne to drug 
resistance. 

Atypical Mycobacterial Infection 

Infection with MAI is the second most common opportunis
tic infection in AIDS patients. Fifteen to 35% of all HIV pa
tients will eventually develop MAI infection. Mycobacterium 
avium-intracellulare are intracellular organisms (see Figs. 
4C-36 and 4C-37). With sever immune compromise, intra
cellular growth is uncompromised and infection may develop 
rapidly from recent infection via the respiratory or GI tract, 
and disseminate rapidly via blood. The CD 4+ count in ma
jority of the patients developing MAI infection is less than 50 
cellsl/LL. The symptoms and signs of disseminated MAI may 
be nonspecific. Patients present with persistent cough, fe ver, 
fatigue, night sweats, anorexia, generalized wasting, he
patosplenomealy, and Iymphadenopathy. Localized lesions 
are uncommon and may present endobronchial disease. Blood 
cultures are positive. 

Other bacterial infections inc1ude Legionella, Nocardia, and 
Rhodococcus equi. The latter is associated exc1usively with pul
monary malakoplakia in patients with AIDS (see Chapter 10). 

Viral Infection in AIDS Patients 

Among the viral infections occurring in patients with AIDS, 
Herpes virus group is the most common offender. Cy
tomegalovirus infection (CMV) (see Fig. 4C-53) is reported 
to be the primary cause of death in 14-16% of autopsy 
cases; however, 90% of the cases at the autopsies have 
shown evidence of CMV infection. Diagnosis is usually 
made from BAL by identification of cells with typical cy
topathic effects of CMV virus, culture, monoc1onal anti
bodies, and specific DNA probes. Herpes simplex virus 
pneumonitis (Figs. 4C-49 and 4C-50) complicates advanced 
HIV disease and is present in 0.2-4% of autopsies in pa
tients dying of HIV disease. Necrotizing bronchitis and dif
fuse interstitial pneumonia occurs with HSV infection. 
Measles and respiratory syncytial virus infections (see Figs. 
4C-5l and 4C-52A) are more serious in neonatal and pedi
atric patients with AIDS. 
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Fungal Infections in AIDS Patients 

There has been a remarkable increase in the incidence of op
portunistic fungal infections in patients with AIDS, with a 
10-fold increase in systemic Cryptococcosis and histoplas
mosis (see Figs. 4C-57 and 4C-58; 4C-6l and 4C-62) in the 
United States. These infections are almost always systemi
cally disseminated, progressive, and serious, and they occur 
when CD 4+ count is less than 200 /LI. The incidence is also 
higher in endemie zones. Coccidioidomycosis (see Figs. 4C-
65 and 4C-66) may be seen in a disseminated form and may 
be associated with endobronchial lesions and bulky in
trathoraeie adenopathy. Invasive aspergillosis is uncommon 
in patients with AIDS, occuring in less than 0.1-0.5% of the 
cases. 

Pneumocystis carinii Infection in 
AIDS Patients 

The incidence of pneumocystis pneumonia in HIV seroposi
tive patients has undergone a significant reduction since the 
onset of the AIDS epidemie in the 1980s, and it correlates 
with the institution of effective chemoprophylaxis. The inci
dence dropped from 75 to 16% by 1993, but is still as high 
as 46% in individuals not receiving chemoprophylaxis and 
still represents an important cause of pulmonary disease in 
AIDS patients. The risk of developing PCP correlates with 
the degree of immunosuppression as predicted by CD 4 + lym
phocyte count less than 200 cellsl/LL. 

The presenting symptoms in HIV seropositive patients with 
PCP are nonspecific and inc1ude fever, dyspnea on exertion, 
cough, which is frequently nonproductive, weight loss, ehest 
pain, night sweats, chills, fatigue, and malaise. Roughly 6-7% 
patients with PCP may be asymptomatic. 

Radiographie manifestations are variable. Typical patterns 
inc1ude bilateral, interstitial, or alveolar infiltrate. Atypical 
presentation of PCP includes normal ehest radiographs or 
focal nodular infiltrate, mass lesions, cysts and cavities, 
emphesematous blebs, bronchiectasis, segmental atalectasis, 
hilar lymphadenopathy, pleural effusion, and pneumothorax. 
Atypical changes are more often seen in patients treated with 
aerosolized pentamidine and on chemoprophylaxis. 

The typicallesions of pneumocystis are histologically char
acterized by eosinophilic fluffy casts filling the alveoli (see 
Figs. 4-12; 4C- 85, 4C-86, 4C-114). These casts contain 
rounded sharp negative images of the cysts that can be high
lighted by silver stains. The later demonstrate cysts of vary
ing shapes described as crescent, heimets, banana, gnome's 
head, and so on. Pneumocystis presents several unusual pat
terns: (1) absence of intraalveolar exudates; (2) granuloma
tous inflammation; (3) cystic or cavitary lesions; (4) intersti
tial microcalcification; (5) vascular infiltration and vaseulitis; 
and (6) Iymphocytic-plasmacytic interstitial pneumonitis. 

Pneumocystis infection is often coexistent with other 
pathogens in about 10-21 % of the cases, with CMV being 
the most frequent. 
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Other pathogens incIude mycobacterial infections, both tu
berculous and MIA, fungi, nocardia, Herpes simplex virus, 
and toxoplamosis. 

Other Parasitic Infections 

Most reported parasitic infections in patients with HIV in
fection have been toxoplasmosis (see Figs. 4C-87 and 4C-88) 
and cryptosporidiosis (see Fig. 4C-89), which usually cause 
central nervous system and gastrointestinal tract symptoms, 
respectively, but mayaIso involve the lungs. Disseminated 
disease with Strongyloides stercoralis (see Figs. 4C-76 and 
4C-77) can occur late in the disease and is potentially fatal. 

Pleural Disease in AIDS 

Pulmonary complications as weIl as nonpulmonary diseases 
can lead to pleural effusion. The incidence of pleural effusion 
in hospitalized patients with HIV infection ranges from 1.7 
to 27%. The effusion can be unilateral or bilateral; the most 
common cause is bacterial pneumonias, followed by tuber
culosis, PCP, nocardiosis, and empyema. Kaposi's sarcoma 
was the principal cause in one of the reported series. 

Malignancies in AIDS 

Malignancies have been reported with alarming frequency in 
patients with AIDS. It is estimated that more than 40% of the 
patients with AIDS will develop malignancy during their life
time. The most common malignant tumor to affect HIV in
fected patients is Kaposi's sarcoma (KS), followed by non
Hodgkin's lymphoma. Studies have also reported various 
other types of cancer in AIDS patients. 

Kaposi's Sarcoma 

Kaposi' s sarcoma is the most common HIV -associated neo
plasm. It often involves the airways and pulmonary 
parenchyma. It is etiologically linked with Herpes virus type 
8. Kaposi's sarcoma occurs in 10-20% of all patients with 
AIDS and is a late complication of the disease. Primary pul
monary KS has been also reported. It is also seen in immuno
suppressed patients, particularly renal transplant recipients. 

The diagnosis ofpulmonary KS can be made presumptively 
by visualizing typical red-violescous lesions in the airways 
with the bronchoscope. Bronchoscopic brushings and biopsy 
are often nondiagnostic because the lesions are deep 
parenchymal. Transbronchial biopsy may be diagnostic in 
so me cases. Bronchoalveolar lavage has been demonstrated 
to be positive for Herpes virus type 8. 

Non-Hodgkin's Lymphoma 

Non-Hodgkin's lymphoma (NHL) is the second-most
commonly recognized malignancy in HIV-infected patients, 
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occurring in 2-5% of cases, a 60 times higher incidence than 
the rest of the population. Most NHLs are seen in association 
with other sites. The lung is the primary site only rarely. Lung 
parenchyma, bronchi, pleura, and hilar lymph nodes may all 
be involved by AIDS-associated lymphoma. The radiographic 
manifestations of pulmonary involvement by NHL incIude 
nodular densities, diffuse interstitial infiltrates, and pleural ef
fusion. The latter may occur in the absence of lung involve
ment and is reported in 70% of cases of AIDS related lym
phoma. Effusions may be small or large, and unilateral or 
bilateral. Endobronchial lesions are rare. 

Most AIDS-related lymphomas are high-grade B-cell type, 
and they present with advanced stage. Epstein-Barr type virus 
nuclear antigen (EBV DNA) has been detected using im
munohistologic and nucIeic acid hybridization techniques in 
AIDS-related lymphomas. 

Lung Cancer in AIDS Patients 

Epithelial malignancies are being recognized in AIDS patients 
with increasing frequency, with one series reporting a 14-fold 
increase in adeno- and squamous carcinomas of the lung. The 
patients are usually younger, and the disease is progressive 
with a rapid course. 

Noninfectious Pulmonary Diseases 

Noninfectious pulmonary complications incIude lymphoid 
interstitial pneumonia, adult respiratory distress syndrome 
(ARDS), and nonspecific interstitial pneumonitis. 

Pulmonary Manifestations 
in Transplant Recipients 
with Immunosuppression 

Solid Organ Transplant Recipients 

Immunosuppressed transplant recipients are at high risk for 
developing infections. Because the immunosupression pro
grams in all forms of solid organ transplantations are quite 
similar, the patterns of infection are also similar and present 
a constant timetable for when different infections occur after 
transplantation. The timetable is organized in three segments: 
the first month, 1-6 months, and more than 6 months after 
transplantation. 

In the first month one may encounter bacterial infections 
with more than 90% being nosocomial. Opportunistic infec
tions are absent in the first month, but they occur during the 
next six months and incIude CMV, EBV, Herpes simplex 
virus, Hepatitis B virus (HBV), Hepatitis C virus (HCV), 
Pneumocystis, Listeria, and Mycobacteria. 

After 6 months, approximately 10% will have chronic pro-
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gressive infections with HBV, HCV, EBV, CMV, and, pos
sibly, human papilloma virus. 

Patients undergoing transplantation also develop lymphoid 
proliferations associated with EBV infection. These patients 
cIinically present with nonspecific signs and symptoms, or 
with those similar to pulmonary lymphomas. These lympho
proliferative lesions histologically show a spectrum from a 
polymorphous infiltrate of lymphoid cells to an appearance 
of diffuse large cell lymphoma. Necrosis and vascular infil
trate may be common. The lymphoid infiltrate may immuno
logically be monocIonal or polycIonal. The infiltrate resolves 
following cessation of immunosuppressive therapy, even the 
monocIonal infiltrate. 

There are striking differences in the site, incidence, and sever
ity of infectious complications, depending upon the organ trans
planted and the nature and intensity of imrnunosuppression. 

Lung cancers have been reported with increasing frequency 
in solid organ transplant recipients. The reported incidence is 
highest for cardiac and heart-lung transplants. 

Renal Transplant Recipients 

Pulmonary complications occur in 18-24% of renal transplant 
recipients, with infections accounting for the majority. Bac
terial pathogens and CMV are the most frequent causes of 
pulmonary disease, whereas Pneumocystis carinii, mycobac
teria, and fungi are also described. Cytomegalovirus infection 
is the most common infectious complication, with the inci
dence ranging from 20 to 40%. Unlike PCP infection in HIV 
patients, the onset of infection tends to be acute in renal trans
plant recipients that occur between 2 and 4 months after trans
plantation. The prognosis is guarded, especially when it co
exists with CMV. The overall incidence of PCP has shown 
considerable increase. Renal transplant recipients are also as
sociated with higher risk for developing such malignancies as 
KS, which is seen in as many as 4% of the patients, and non
Hodgkin's lymphoma, which is seen in roughly 2.5%. 

Liver Transplant Recipients 

Posttransplant pulmonary complications incIude pleural effu
sions, ARDS, pulmonary calcifications, and infections mostly 
caused by bacteria, viruses, and fungi. Cytomegalovirus in
fection is the most common offender, causing considerable 
morbidity. Its incidence is very high, exceeding 60%. It typ
ically occurs during the fourth to sixth postoperative week. 
Coinfection with Pneumocystis carinii is common. 

Cardiac Transplant Recipients 

Pulmonary complications after cardiac transplantation repre
sent infections, particularly penumonias, that occur in 
40-60% of the cases. Bacterial infections are generally due 
to gram-negative bacteria occurring within the first 2-3 
weeks. Other bacterial infections include Legionella, Nocar-
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diosis, and MAI. Infections with Pneumocystis carinii 
(3-20%) and Toxoplasma gondi are also reported. Cy
tomegalovirus infection is extremely common, occurring in 
67-100% of the recipients. More than 30% of patients de
velop symptomatic disease. Other opportunistic infections in
cIude Herpes virus, Candidiasis, and aspergillosis. 

Cardiac transplant recipients have a higher incidence of de
veloping NHL, with the reported incidence being l.8%. 

Heart-Lung and Lung Transplantation 

Serious infections and pneumonia are far more common in 
heart-lung and lung transplant recipients, as compared with 
other solid organ allografts. Most infections are bacterial in 
origin, followed by CMV infection. A higher incidence of 
Pneumocystis carinii infection is also reported. 

The noninfectious complications incIude ARDS, a high in
cidence of obliterative bronchiolitis, and lymphoproliferative 
disorders, with 4.6% of cases reported to have developed 
NHL. Patients with ARDS often demonstrate atypical alveo
lar lining cells in bronchoalveolar lavage, which are very dif
ficult to differentiate from lung adenocarcinomas. 

Bone Marrow Transplantation 

Bone marrow transplantation has been performed successfully 
in hematologic and malignant diseases. Bone marrow trans
plant recipients, however, have a higher rate of pulmonary 
complications, as much as 40-60%. Because of the profound 
and protracted neutropenia, fungal infections, especially as
pergillosis, and candidiasis occur frequently and are devas
tating. Viral infections due to CMV, Herpes simplex virus and 
Respiratory syncytial virus are very common. 

Noninfectious complications incIude pulmonary edema, 
hemorrhage, diffuse alveolar damage, idiopathic interstitial 
pneumonitis, and lymphoplroliferative disorders. 
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