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Introduction

The spectrum of human immunodeficiency virus (HIV)-associated pulmonary diseases is
broad and the lungs continue to be one of the most frequently affected organ systems in
HIV-infected persons. Opportunistic infections and neoplasms are common even in the
current combination antiretroviral therapy (ART) era. The extent of immunosuppression, use
of ART and antimicrobial prophylaxis, prior history of illness, geographic setting, and life
style choices influence the etiology and relative frequency of observed respiratory disease.
In addition to pulmonary infections classically associated with advanced
immunosuppression, such as Pneumocystis pneumonia (PCP), persons infected with HIV
are also susceptible to community-acquired pathogens such as Streptococcus pneumoniae
and to hospital-acquired pathogens such as methicillin resistant Staphylococcus aureus
(MRSA). Worldwide, Mycobacterium tuberculosis is a dominant cause of pneumonia in
HIV-infected persons. Furthermore, lung diseases commonly seen in individuals without
HIV, including chronic obstructive pulmonary disease (COPD) and lung cancer are
prevalent in those with HIV and there is growing evidence that HIV infection predisposes
patients to develop COPD and lung cancer and to present with these diseases at a younger
age. Risk factors for HIV infection, such as injection drug use, also make patients
susceptible to a wide variety of pulmonary complications such as aspiration pneumonia,
septic emboli from right sided endocarditis, and talc granulomatosis. Given the breadth of
pulmonary illnesses faced by people living with HIV, clinicians must have systematic
approach to evaluate this patient population. This review will present an overview of the
evaluation of respiratory disease in persons with HIV/AIDS.

Evaluation of Respiratory Disease

The evaluation of respiratory disease in HIV-infected persons begins with a thorough history
and physical examination. The information from the history and physical examination can
then be used to determine whether additional testing (e.g., laboratory tests, chest radiograph)
is indicated. Frequently, the clinical, laboratory, and chest radiographic presentation
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suggests a specific diagnosis or, at most, a few diagnoses, which then prompts specific
diagnostic testing and treatment.

Symptoms and Signs

All HIV-associated respiratory diseases may present with similar respiratory symptoms
including, cough, dyspnea, and occasionally pleuritic chest pain. However, the character and
duration of these symptoms may be useful to guide clinicians toward a particular diagnosis.
For example, most patients with bacterial bronchitis or pneumonia present with cough
productive of purulent sputum, whereas most patients with PCP have a dry, nonproductive
cough (1). Bacterial pneumonias due to S. pneumoniae and Haemophilus species
characteristically present abruptly with patients reporting 3-5 days of symptoms; on the
other hand, PCP often presents with an insidious onset with patients noting 2—4 weeks of
symptoms (2).

Constitutional symptoms such as fever, night sweats, and weight loss may indicate the
presence of a systemic or disseminated disease. Fever and weight loss may be the sole
presenting complaints of disseminated mycobacterial or fungal disease or may be “B”
symptoms associated with non-Hodgkin lymphoma (NHL).

HIV-infected patients are predisposed to systemic dissemination of infections that originated
in the lungs and the symptoms and signs associated with disseminated disease may dominate
the clinical presentation. Bacterial pneumonia due to S. pneumoniae is often accompanied
by bacteremia and septicemia in HIV-infected patients with CD4 counts <200 cells/pl and
thus the clinical presentation may be that of sepsis and multi-organ system dysfunction.
Similarly, tuberculosis is often accompanied by mycobacteremia in HIV-infected patients
with CD4 counts <200 cells/wl and HIV-infected patients with advanced HIV/AIDS are
more likely to present with extrapulmonary tuberculosis and disseminated disease than HIV-
uninfected patients (3). Meningitis is a well-described acute presentation of tuberculosis and
43% to 65% of these patients are HIV-infected with CD4 counts <200 cells/ul (4). In
patients with tuberculous meningitis, clinical syndromes range from those mimicking typical
bacterial meningitis to a nonspecific, subacute illness characterized by fever and headache.

Although the lungs are the portal of entry for Cryptococcus neoformans, patients are often
minimally symptomatic until the infection has spread to the central nervous system (CNS).
In a series of 106 patients with C. neoformans infection, 84% presented with meningitis;
cough or dyspnea was present in less than a third (n=28, 31%) (5). The signs of
extrapulmonary infection, including meningoencephalitis and cutaneous lesions (which
resemble the lesions caused by molluscum contagiosum), should be recognized in
attempting to establish a unifying diagnosis. Histoplasmosis may present with hypotension,
hepatosplenomegaly, pancytopenia, hypoadrenalism, and necrotic skin and oral lesions (6).
Dissemination of coccidioidomycosis to extrapulmonary sites may result in cutaneous and
soft tissue infection, lymph node involvement, osteomyelitis, arthritis, and meningitis (7).
Blastomycosis can disseminate into the skin, genitourinary tract, bone and, rarely, the
central nervous system (CNS).

CNS presentations typically dominate the presentations of 7oxoplasma gondii and
Cytomegalovirus (CMV). For Toxoplasma, encephalitis and retinochoroiditis are frequent
presentations while CMV maost often presents with retinitis, esophagitis, and colitis. In both
cases, pulmonary involvement occurs in only a subset of patients.

Patients with Human Herpes Virus (HHV)-8 and Epstein Barr Virus (EBV)-related
malignancies tend to present with symptoms of systemic disease. Most commonly, patients
with pulmonary Kaposi’s sarcoma (KS) have previously recognized cutaneous lesions or
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other visceral involvement; nonetheless, cutaneous involvement is absent in 5% to 23% of
patients with symptomatic pulmonary KS (8, 9). The most common respiratory symptoms
are progressive dyspnea, hon-productive cough, and fever. Patients with NHL typically
present with “B symptoms” including fever, night sweats, and weight loss. The majority of
those with pulmonary involvement have respiratory symptoms which vary depending on
extent of parenchymal and/or pleural involvement. Patients with multicentric Castleman
disease typically have fever and lymphadenopathy, as well as splenomegaly, and
hepatomegaly. Involvement of the respiratory system occurs in about one third of patients
and is characterized by lymphocytic interstitial pneumonitis (LIP) (10). The symptoms
associated with primary effusion lymphoma (PEL) depend on the serosal surface affected:;
commonly affected serosal surfaces include the pleura (60-90%), the pericardium (0-30%),
the peritoneum (30-60%), joint spaces, and, rarely, the meninges (11, 12). Most affected
patients present with symptoms related to fluid accumulation such as dyspnea (from pleural
or pericardial effusions), abdominal distension (from ascites), or joint swelling.

Pulmonary manifestations of the immune reconstitution inflammatory syndrome (IRIS)
depend on the underlying infectious, neoplastic, or autoimmune pathology (13). The risk of
IRIS is associated with the CD4 count at the start of ART, with a higher risk in HIV-infected
patients with CD4 <50 cells/ul (14). IRIS associated with tuberculosis (TB-IRIS) presents
with fever, cough, dyspnea, lymph node enlargement, and new or worsening parenchymal
opacities or new or enlarging pleural effusions on chest radiograph (13, 15). New or
worsening tuberculous meningitis, granulomatous hepatitis, and subcutaneous or deep tissue
abscesses are common extrapulmonary TB-IRIS presentations. Non-tuberculous
mycobacteria (NTM, e.g., Mycobacterium avium complex, MAC) can also produce IRIS. In
the lungs, these organisms commonly cause endobronchial disease; other manifestations
include masses and cavitary lesions (13, 16). PCP-IRIS presents with symptoms seen in
acute PCP including fever, dry non-productive cough, and dyspnea, although development
of organizing pneumonia has also been described (16-18). Occasionally, PCP-IRIS is severe
and patients develop acute respiratory failure (19). While paradoxical cryptococcal-IRIS
predominantly affects the CNS, lung involvement is also well-described. Unlike TB-IRIS,
which is rarely fatal, cryptococcal-IRIS has a mortality rate as high as 83% (20-24). KS-
associated IRIS usually presents with inflammation or enlargement of existing skin lesions,
new skin lesions, and mucosal involvement, however pulmonary deterioration is also
common (25). Pulmonary sarcoidosis can worsen in the setting of immune reconstitution
and result in clinical and radiographic findings similar to those seen in HIVV-uninfected
patients (26, 27).

As extent of immunosuppression decreases in the era of ART, it’s important to consider
non-infectious pulmonary diseases in HIVV-infected patients. Due to higher rates of tobacco
and drug use in HIV-infected persons, and possibly to HIV infection itself, COPD, lung
cancer, and pulmonary arterial hypertension (PAH) are more common in HIV-infected
persons (28-31). Patients with COPD often complain of dyspnea and chronic cough; in the
setting of an acute exacerbation these patients present with worsening shortness of breath,
wheezing, and increased sputum production. The majority of patients with lung cancer
complain of cough, especially those with endobronchial involvement; some also complain of
hemoptysis, chest pain, and dyspnea due to parenchymal or pleural involvement. Less
frequent presentations of underlying lung cancer include superior vena cava (SVC)
syndrome and Pancoast syndrome. SVC syndrome typically causes a sensation of head
fullness due to compression of the SVC, while Pancoast syndrome is characterized by
shoulder pain, Horner syndrome, and local tissue destruction caused by tumor at the apex of
the lung. Most patients with PAH initially experience dyspnea, decreased exercise tolerance,
and fatigue due to an inability to increase cardiac output with exertion. As the PAH
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progresses and right ventricular failure develops, angina, syncope, and peripheral edema
may develop.

CD4 Count

The CD4 count should be used to assess a patient’s susceptibility to opportunistic infections
and neoplasms (Table 1). Ideally, the CD4 count will have been obtained prior to the onset
of pneumonia as the CD4 count is often decreased in the setting of an acute illness.
Although bacterial pneumonia can occur at any CD4 count, Hirschtick and colleagues in the
Pulmonary Complications of HIV Infection Study (PCHIS) found that the risk of bacterial
pneumonia was 5 times higher in HIV-infected subjects with CD4 counts <200 cells/p.l
compared to those with >500 cells/.l (32). Furthermore, the incidence of bacteremia is also
more common in HIV-infected patients and correlates with the extent of
immunosuppression; the lower the CD4 count, the higher the incidence of bacteremia. Redd
and colleagues reviewed the incidence of pneumococcal bacteremia at 10 San Francisco
hospitals during a 4-year period. They estimated that the rate of bacteremia in patients with
pneumococcal pneumonia increased 100 fold since the onset of the HIV epidemic (33).
Virulent, hospital-acquired, pathogens are also more common in HIV-infected adults;
surveys have found that P. aeruginosa accounts for 16% to 67% of nosocomial pneumonias
and CD4 counts <100 cells/p.l predispose patients to this infection (34-36). Similar to
bacterial pneumonia, TB can occur at any CD4 count. As with bacterial pneumonia
accompanied by bacteremia, the incidence of TB accompanied by mycobacteremia also
correlates with the extent of immunosuppression; the lower the CD4 count, the higher the
incidence of mycobacteremia.

Once the CD4 count falls <200 cells/pl, PCP becomes a common cause of respiratory
complaints. Stansell and the PCHIS showed that 95% of 145 cases of PCP occurred in
patients with CD4 counts <200 cells/ul (37). Cryptococcus neoformans is also a frequent
cause of pneumonia in patients with CD4 counts <200 cells/w.l. In addition, at CD4 counts
<100 cells/l, T. gondii pneumonitis and pulmonary KS become more common. A study of
64 HIV-infected patients with pulmonary toxoplasmosis diagnosed via bronchoalveolar
lavage (BAL) reported a mean CD4 count of 40 cells/pl, with 82% having a CD4 count <50
cells/pl and only 4% had counts >200 cells/pl (38). Another study of 168 HIV-infected
patients with pulmonary KS diagnosed via bronchoscopy reported a median CD4 count of
19 cells/pl; 68% of patients had counts <50 cells/p.l, and only 4% of patients had counts
>200 cells/l (8).

At CD4 counts <50 cells/pl, patients become susceptible to CMV, Aspergillus species, and
disseminated endemic fungal diseases such as histoplasmosis and coccidioidomycosis.
Although it’s important to use the CD4 count to assess a patient’s susceptibility to certain
opportunistic infections, astute clinicians realize that these infections may still occur at CD4
counts above established guidelines.

Laboratory Tests

Avrterial blood gas (ABG) analysis can be used to guide treatment decisions and is a useful
prognostic tool. Patients with significant hypoxemia should probably be hospitalized. PCP
patients with an arterial partial pressure of oxygen, PaO2, <70 mm Hg or an alveolar-arterial
oxygen gradient, A-a02, 235 mm Hg should be treated with adjunctive corticosteroids.

The serum lactate dehydrogenase (LDH) is often elevated in patients with PCP; however,
this marker is non-specific and can also be elevated in other pneumonias including
tuberculosis and bacterial pneumonia and in neoplasms such as NHL. The diagnostic
accuracy of serum LDH was assessed in a retrospective analysis of 328
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immunocompromised patients, 105 with and 193 without PCP (39). In HIV-uninfected
patients with PCP, the sensitivity of an elevated LDH was 63% and the specificity was 43%.
In HIV-infected patients, the sensitivity was 100% and the specificity was 47%. The overall
accuracy of LDH for the diagnosis of PCP was 52%, 51% in HIV-negative and 58% in HIV/-
positive patients. The sensitivity of LDH in other published studies ranges from 83% to
100% with the lowest sensitivity seen in the outpatient setting (1).

The degree of LDH elevation correlates with prognosis and response to treatment (1, 40,
41). A high or rising serum LDH value despite PCP treatment correlates with a worse
prognosis, a failure of therapy, and increased mortality. On the other hand, a low or
declining serum LDH value on PCP treatment correlates with a better prognosis, a response
to therapy, and decreased mortality. However, significant overlap in serum LDH levels
between survivors and non-survivors precludes use of this lab value as an absolute predictor
of mortality in individual patients (40).

The white blood cell count (WBC) is often elevated in patients with bacterial pneumonia.
This WBC elevation may be relative to the patient’s baseline value in an individual whose
baseline WBC is below the normal range. Laboratory evidence of hepatic and/or bone
marrow involvement may be a sign of extrapulmonary involvement from disseminated
opportunistic infection or malignancy (e.g., tuberculosis, NHL). The presence of these
laboratory abnormalities may be important clues to the pulmonary diagnosis.

Chest Imaging

The chest radiographic appearance of pulmonary disease varies widely in HIV-infected
patients and is dependent upon the etiology and severity of pulmonary disease and the
degree of immunosuppression. Although chest radiographs are the foundation of the
evaluation of respiratory disease in HIV-infected persons and are the appropriate initial test
for suspected pneumonia, chest computed tomographic (CT) scans are often useful to
identify and to more precisely define nodules, cavities, lymphadenopathy, and pleural fluid
collections that may require drainage (42, 43).

Bacterial Pneumonia

Bacterial pneumonia most commonly presents with focal or multifocal areas of
consolidation regardless of CD4 count (Figure 1) (32, 44). The typical chest radiographic
appearance includes unilateral, lobar or segmental consolidation; however, as immune
function deteriorates, multilobar and bilateral radiographic disease become more common.
Pleural effusions are present in 12% to 47% of patients with bacterial pneumonia (45, 46)
and empyemas develop in 2% to 6% (47, 48).

Similarly to their HIV-uninfected counterparts, Streptococcus pneumoniae is the most
common causative pathogen of bacterial pneumonia in patients with HIV. Rizzi, et al
described the chest radiographic appearance of pneumococcal lung disease in 57 HIV-
infected patients, in whom Streptococcus pneumoniae was the sole respiratory pathogen
isolated (49). Lobar consolidation was found in 40% of patients, multifocal distribution in
25%, and interstitial pattern of disease in 17.5%; pleural effusions were identified in 23% of
patients, 62% of whom had CD4 counts <200 cells/pl.

Bacterial infections may also present with pulmonary nodules. Franquet, et al reviewed 78
chest high-resolution CT (HRCT) scans of immunocompromised patients (25 of whom had
AIDS) with infectious pulmonary nodules (50). A total of 20 patients had bacterial infection
and 95% of them had multiple pulmonary nodules >10 mm in diameter. Nodules due to
bacterial pneumonia can cavitate; this is especially common with pathogens such as
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Pseudomonas aeruginosa and Staphylococcus aureus (51). Less common bacterial causes of
cavitary nodules or cavitary consolidation include Rhodococcus equi and Nocardia
asteroides. Rhodococcus equi typically manifests as an area of consolidation limited to one
lobe, usually an upper lobe, which may undergo cavitation with an air fluid level (52). The
most common radiographic presentation of Nocardiais similar to TB and Rhodococcus equi,
a lobar or multilobar consolidation with an upper lobe predominance and frequent cavitation
(53).

Tuberculosis

Pulmonary TB is commonly divided into primary infection and post-primary infection.
Primary infection refers to the development of active tuberculosis within 5 years after initial
exposure; while post-primary infection refers to reactivation of latent tuberculosis. The
radiographic appearance of pulmonary tuberculosis is largely dependent upon the degree of
immunosuppression (54). Similar to immunocompetent persons, tuberculosis in HIV-
infected patients with relatively intact immunity appears radiographically as an opacity in
the apical and posterior segments of the upper lobe and superior segment of the lower lobe.
Cavitation is often present (Figure 2). As immune function deteriorates (CD4 count <200
cells/w.l), middle and lower lung involvement and disseminated disease (including a military
pattern) both become more common (Figure 3). Cavitation is less common at this point
because the host lacks the ability to mount an effective immune response against M.
tuberculosis. Mediastinal and/or hilar lymphadenopathy and pleural effusions are common
in HIV-infected patients with low CD4 counts. Normal chest radiographic findings in HIV-
infected patients with acid fast bacillus (AFB) smear-positive pulmonary tuberculosis have
been reported in the range of 6% to 14%; the majority of these patients had CD4 cell counts
<200 cells/p.1 (55, 56).

Pneumocystis Pneumonia

Classically, PCP presents with a bilateral, symmetric, perihilar or diffuse interstitial,
reticular, or granular pattern on chest radiograph (Figure 4) (57). These opacities typically
begin in the perihilar region and then spread outward as the disease progresses. However,
patients may also have minimal chest radiographic extent of disease or even normal chest
radiographs (58). When the clinical suspicion of PCP is high and radiographic disease is
minimal, a chest HRCT is often helpful to rule out the presence of disease (59). Infection
with Pneumocystis jiroveciiinduces extensive ground glass attenuation on chest HRCT
(Figure 5) and the absence of ground glass attenuation rules out PCP (59). The pattern of
ground glass is geographic in appearance with relatively normal secondary lobules adjacent
to affected ones.

Other features of PCP include consolidation when the disease is severe, pneumatoceles
which may be single or multiple in number and small or large in size, and pneumothorax.
Pneumatoceles occur in up to one-third of patients with PCP. The presence of these thin-
walled cysts predisposes patients to spontaneous pneumothoraces. Pleural effusions and
intrathoracic lymphadenopathy are extremely both uncommon chest radiographic
presentations.

Cryptococcal Pneumonia

Cryptococcal pneumonia most often presents with a bilateral, reticular or interstitial pattern
on chest radiograph (60). Other patterns of cryptococcal pneumonia include unilateral,
reticular or interstitial infiltrates, consolidation, nodular opacities, cavitation, pleural
effusion(s), and intrathoracic adenopathy. Occasionally, patients with pulmonary
cryptococcosis present with a mass-like cryptococcoma (Figure 6).
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Toxoplasma Pneumonia

Toxoplasma pneumonia most frequently presents with bilateral, reticular or interstitial
opacities on chest radiograph (61). Occasionally, a reticulonodular or coarse nodular pattern
is seen. Rarely, patients present with a chest radiographic picture of ARDS.

Viral Pneumonia

Unfortunately, it is often difficult to differentiate between viral and bacterial pneumonia
based on diagnostic imaging (62). In patients with viral pneumonia due to typical respiratory
pathogens such as CMV, RSV, adenovirus, and influenza, chest CT scan findings can
include bronchial wall thickening, ground glass opacities (Figure 7), multifocal
consolidations, nodules, or nodular opacities, and diffuse airspace disease.

Kaposi Sarcoma, Non-Hodgkin Lymphoma, Multicentric Castleman Disease and Primary
Effusion Lymphoma

Although the gold standard for diagnosis of pulmonary KS remains direct visualization of
typical endobronchial KS lesions via bronchoscopy (Figure 8), there are certain patterns on
chest imaging that are very suggestive (63). On chest radiograph, bilateral, perihilar middle
and lower lung zone infiltrates occur in the majority of patients and coalescent nodular
opacities are also common (Figure 9). On CT, densities along the perivascular bundles
(classically called “flame hemorrhages”) are commonly seen as are pleural effusions.
Nuclear scans can also be helpful diagnostic tools; KS does not take up gallium on scans but
does appear to accumulate thallium. The presence of an abnormal chest radiograph, a
negative gallium scan, and a positive thallium scan is suggestive of KS (64). Thus, thallium
and gallium scanning can be helpful in distinguishing KS from PCP and other infections.

Pulmonary NHL most often presents with single or multiple nodules, nodular opacities, or
masses (65). Lobar infiltrates and diffuse interstitial infiltrates have also been described. In
patients with MCD and resultant LIP, the main CT findings include poorly defined
centrilobular nodules, thin-walled cysts, thickening of bronchovascular bundles, and
interlobular septal thickening (66). Chest radiographs and chest CTs in patients with PEL
show effusions (pleural and/or pericardial), slight serosal thickening, and the absence of
parenchymal abnormalities, solid masses, or mediastinal enlargement (11).

Non-infectious pulmonary disease

Diagnosis

Appearance on imaging of COPD (Figure 10), lung cancer, and pulmonary arterial
hypertension in HIV-infected patients mirrors that of their HIV-uninfected counterparts (29—
31).

In most cases, a confirmed microbiologic diagnosis is preferred to empiric therapy. A
delayed or a missed diagnosis may have catastrophic consequences. That said, empiric
therapy is usually indicated while a prompt diagnostic evaluation is undertaken.

Bacterial Pneumonia

Although bacteremia is 35 to 50 times more common in HIV-infected patients with bacterial
pneumonia than HIV-uninfected patients, isolating the causative pathogen remains difficult.
Hirschtick and colleagues in PCHIS isolated the responsible pathogen in 33% of HIV-
infected patients diagnosed with bacterial pneumonia (32). Blood cultures were positive in
only 6.8% of patients, thus the majority of bacterial isolates came from either sputum or
BAL cultures. The three most commonly identified organisms were Streptococcus
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pneumoniae, Staphylococcus aureus, and Haemophilus influenzae. A study by Boulware and
colleagues suggests that urine pneumococcal C-polysaccharide antigen may be a useful
diagnostic test in patients with pneumonia, especially in those with pneumonia caused by
Streptococcus pneumoniae (67). Among patients with pneumococcal pneumonia, this
antigen had a sensitivity of 81%, a specificity of 98%, a positive predictive value of 98%,
and a negative predictive value of 82%, independent of the person’s HIV status. Despite low
diagnostic yield of bacterial culture, blood and sputum cultures should be obtained in most
HIV-infected patients because identifying the responsible pathogen can be used to guide
antibiotic therapy.

Tuberculosis

Diagnosing pulmonary tuberculosis in HIV-infected subjects has been historically difficult
due to the absence of rapid and sensitive diagnostic tools (68). Acid-fast bacillus smear
microscopy of expectorated sputum, a tool commonly used for the rapid diagnosis of
pulmonary tuberculosis, has poor sensitivity (20-50%) (69); isolation of the organism in
culture, the diagnostic gold standard, can take up to 8 weeks. Nevertheless, sputum should
be collected for AFB smear and mycobacterial culture and blood mycobacterial cultures
should be performed in HIV-infected patients with CD4 count <200 cells/u.I.

A polymerase chain reaction (PCR) assay has been developed to rapidly detect
Mycobacterium tuberculosis DNA and presence rifampin resistance (Xpert MTB/RIF
[Cepheid, Sunnyvale, CA]) (70, 71). In December 2010, the World Health Organization
(WHO) recommended Xpert MTB/RIF to be the initial screening test in patients with HIV
and suspected tuberculosis. Using a single assay on a single unprocessed sputum sample, M.
tuberculosis complex-specific DNA was detected in 98% of smear-positive cases and in
72% of smear-negative cases using culture positivity as a reference standard (70).

Pneumocystis Pneumonia

Patients with PCP most often present with a non-productive cough and therefore diagnosis
of PCP from sputum requires sputum induction (72). Analysis of induced sputum has a
reported sensitivity ranging from 55% to 95%, with lower sensitivity reported in the earliest
studies prior to routine centrifugation of sputum and higher sensitivity attributed to careful
sample collection, concentration by centrifugation, and staining with fluorescent
Pneumocystis antibodies (73, 74). In a San Francisco General Hospital and National
Institutes of Health study, the use of sputum induction has led to definitive diagnoses in 80%
to 95% of patients with PCP, thereby negating the need for bronchoscopy (73).

Bronchoscopy with bronchoalveolar lavage (BAL) is the gold standard for diagnosis of PCP
with a sensitivity of up to 98% (74, 75). This procedure should be strongly considered in
patients with a high suspicion of PCP and unrevealing induced sputum results or in medical
facilities where induced sputum is unavailable or insensitive for diagnosis of PCP. Huang
and colleagues examined 992 cases of PCP diagnosed over a 4 year period and found only 2
cases that required transbronchial biopsy for final diagnosis, the remainder were diagnosed
via either sputum induction or BAL (n=800 and 190, accordingly) (74). It is important to
note that there is institutional variation in the sensitivity of sputum induction and
bronchoscopy with BAL, thus the diagnostic protocol should be tailored to individual
institutions.

(1,3) Beta-D glucan (BG) is an element of the P. jirovecii cyst wall (and the cell wall of
most other fungal organisms) that has been studied as a marker of PCP infection. A meta-
analysis that included 357 cases of PCP and 1,723 controls (cases of invasive fungal
infection were excluded) found that the average sensitivity and specificity of BG were
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94.8% (95% Confidence Interval, Cl, 90.8-97.1%) and 86.3% (95% CI 81.7-89.9%),
respectively, and the area under the receiver operating characteristic (ROC) curve was 0.965
(0.945-0.978) (76). Another study by the AIDS Clinical Trials Group Study A5164 Team
found that median BDG in patients with PCP was 408 pg/mL, compared with 37 pg/mL in
patients without PCP (p <0.001); in this study the sensitivity of BG (dichotomized at 80 pg/
mL) was 92% and the specificity was 65% (77). These findings suggest that BG may be a
clinically useful tool to identify patients with PCP, especially in clinical settings where
bronchoscopy is unavailable. In some clinical centers, it may be a more sensitive test than
induced sputum examination and could reduce the need for both bronchoscopy and
empirical therapy. In settings where other fungal pneumonias are common, however, the
specificity of BG may be low and diagnostic utility may be limited.

Cryptococcal Pneumonia

HIV-infected patients are predisposed to dissemination of fungal infections that originate in
the lungs, thus fungal culture and occasionally biopsy of involved sites may be necessary.
Cultures of cerebrospinal fluid, blood, BAL, and skin biopsies often yield a diagnosis of
cryptococcosis. Serum cryptococcal antigen (CrAg) is positive in virtually all patients with
HIV and pulmonary cryptococcal infection (60). Since extra-pulmonary disease is extremely
common among HIV-infected patients with cryptococcal pneumonia, a positive serum CrAg
result should prompt investigation for disseminated disease with a work up including fungal
blood cultures and lumbar puncture with cerebrospinal fluid (CSF) CrAg and fungal culture.

Histoplasmosis

Aspergillus

Latent histoplasmosis can reactivate and disseminate in HIV-infected patients leading to
involvement of extra-pulmonary sites such as the CNS, adrenal glands, mucocutaneous
surfaces, and bone marrow. Tissue from these sites may be submitted for fungal culture in
addition to blood, urine, and sputum/BAL cultures (6). Urine H. capsulatum carbohydrate
antigen is a valuable tool in diagnosis and in therapeutic monitoring of disseminated
histoplasmosis (78). Furthermore, a fourfold rise in antibody titer to H. capsulatum can also
be diagnostic in patients with acute and chronic pulmonary histoplasmosis.

Aspergillus infection is rare in patients with HIV, but has been reported. Bronchoscopy with
BAL is commonly used to make a diagnosis, however, the diagnostic yield of culture is low
and results often take days to come back. Galactomannan antigen detection and real-time
PCR assays of BAL fluid have been studied as adjunctive tests for the detection of invasive
aspergillosis (79). A study using a rabbit animal model of experimentally induced
Aspergillus fumigatus infection confirmed the low sensitivity and high specificity of fungal
culture (46% and 100%, respectively). In contrast, galactomannan antigen detection with
enzyme immunoassay (EIA) and quantitative PCR assays demonstrated higher sensitivities,
with EIA being superior to PCR (100% and 80% sensitivity, respectively) (79). These
findings are consistent with those reported in studies of galactomannan in BAL fluid in
HIV-uninfected patients with invasive pulmonary aspergillosis.

Viral Pneumonia

Historically, viral pneumonia was diagnosed via culture or immunofluorescence microscopy
of upper respiratory specimens (e.g., nasopharyngeal aspirates) and lower respiratory
samples (e.g., induced sputum, tracheal aspirate, BAL fluid). Introduction of PCR has
increased the ability to detect respiratory viruses, including those that are difficult to culture.
Nasopharyngeal swabs have a higher sensitivity than throat swabs, but may be less sensitive
than nasopharyngeal washes (80). Transnasal nasopharyngeal flocked swabs also have high
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virus detection rates (81). In general, PCR-based methods are between two and five times
more sensitive than conventional diagnostic methods (culture, antigen detection, and
serological assays) for detection of respiratory viruses. This benefit applies particularly to
adults and to the elderly, who might have a smaller nasopharyngeal viral load than children.

Establishing the diagnosis of CMV pneumonia in patients with AIDS is extremely difficult
for several reasons (82). First, the clinical and radiographic findings overlap with other HIV-
associated opportunistic pneumonias. Second, the virus may be cultured from pulmonary
secretions in the absence of histologic evidence of disease. Third, CMV often coexists with
other pulmonary pathogens. Miles, et al performed 120 BALs on 79 HIV-infected patients
and detected CMV in 51.6% of cases; among 65 patients with PCP, CMV was detected in
40 (61.5%) (83). In this study, there was no association between CMV detection and
hypoxemia, abnormal chest radiograph, or increased mortality. Thus, the diagnosis of CMV
pneumonitis cannot be based solely on detection of the virus in BAL fluid. In order to
facilitate diagnosis, Waxman et al proposed the following diagnostic criteria for CMV
pneumonia: 1) positive CMV cultures from both BAL and transbronchial biopsy specimens,
2) characteristic cytomegalic inclusion bodies from BAL and transbronchial biopsy
specimens, and 3) absence of any other pulmonary pathogens (84). Unfortunately, although
these diagnostic criteria improve the specificity of diagnosis, given the patchy nature of
CMV-related pulmonary disease, sensitivity may be compromised.

Human Herpes Virus-8-associated Neoplasms: Kaposi Sarcoma, Multicentric Castleman
Disease and Primary Effusion Lymphoma

The diagnosis of pulmonary KS is considered clinically confirmed if the characteristic
endobronchial lesions of KS are seen at bronchoscopy (8, 85). Lung biopsy may be
necessary to diagnose pulmonary KS if clinical, radiographic, or bronchoscopic picture is
atypical. The diagnosis of MCD is made on tissue examination of a resected lymph node.
These nodes from are positive for HHV-8 and 40% contain concurrent KS (86). Pleural fluid
cytology is almost always positive in primary effusion lymphoma.

Conclusion

The spectrum of HIV-associated pulmonary diseases is broad. Opportunistic infections,
neoplasms and, increasingly, non-infectious complications such as COPD and lung cancer
are all major considerations. Thus, clinicians caring for HIVV-infected persons must have
systematic approach. The approach begins with a thorough history and physical examination
and often involves selected laboratory tests and a chest radiograph. Frequently, the clinical,
laboratory, and chest radiographic presentation suggests a specific diagnosis or, at most, a
few diagnoses, which then prompts specific diagnostic testing and treatment.
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Figure 1.

Chest radiograph of an HIV-infected person with multilobar consolidation due to
Streptococcus pneumoniae detected in two blood cultures. Chest radiograph courtesy of
Laurence Huang, MD.
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Figure 2.

Chest radiograph of an HIV-infected person, CD4 cell count greater than 200 cells/p.L,
revealing right upper lobe consolidation with areas of cavitation. Sputum acid-fast bacillus
stain was positive and sputum cultures grew Mycobacterium tuberculosis. Chest radiograph
courtesy of Laurence Huang, MD.
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Figure 3.

Chest radiograph of an HIV-infected person, CD4 cell count less than 200 cells/p.L,
revealing right lower lung consolidation. Sputum acid-fast bacillus stains were negative but
sputum cultures grew Mycobacterium tuberculosis that was mono-rifampin-resistant. In this
case, the key to the diagnosis of tuberculosis was knowledge of the patient’s CD4 cell count
and an understanding that tuberculosis can present with this pattern in HIVV-infected
individuals with advanced immunosuppression. Chest radiograph courtesy of Laurence
Huang, MD.
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Figure4.
Chest radiograph of an HIV-infected person, CD4 cell count less than 200 cells/pL, with

bilateral, symmetric granular opacities due to Pneumocystis pneumonia. Microscopic
examination of bronchoscopy with bronchoalveolar lavage (BAL) fluid demonstrated
characteristic Pneumocystis cystic and trophic forms. Chest radiograph courtesy of Laurence
Huang, MD.
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Figureb5.

Chest high resolution computed tomographic (HRCT) scan of an HIV-infected person, CD4
cell count less than 200 cells/pL, with patchy ground-glass opacities due to Prneumocystis
pneumonia. Microscopic examination of induced sputum demonstrated characteristic
Pneumocystis cystic and trophic forms. This individual’s chest radiograph one day prior to
chest HRCT was normal, demonstrating the increased sensitivity of chest HRCT compared
to chest radiography for Pneumocystis pneumonia. Chest HRCT scan courtesy of Laurence
Huang, MD.
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Figure6.

Chest radiograph of an HIV-infected person, CD4 cell count less than 200 cells/pL, with left
lower lobe lung mass that was initially concerning for lung cancer. CT-guided fine needle
aspiration revealed Cryptococcus neoformans. Chest radiograph courtesy of Laurence
Huang, MD.
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Figure7.

Chest high resolution computed tomographic (HRCT) scan of an HIV-infected person, CD4
cell count less than 50 cells/pL, with patchy ground-glass opacities due to Cytomegalovirus
(CMV). The patient was initially thought to have Preumocystis pneumonia but
bronchoscopy with bronchoalveolar lavage was negative for Pneumocystis cystic and
trophic forms. The patient then underwent video-assisted thoracoscopic surgical biopsy
which established the diagnosis of CMV. Chest HRCT scan courtesy of Laurence Huang,
MD.
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Figure8.
Characteristic violaceous Kaposi sarcoma lesions seen in the trachea of an HIV-infected
person, CD4 cell count less than 100 cells/L. Image courtesy of Laurence Huang, MD.
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Figure9.

Chest radiograph of an HIV-infected person, CD4 cell count less than 100 cells/pL,
demonstrating the characteristic bilateral, middle and lower lung zone, perihilar or central
distribution of abnormalities of pulmonary Kaposi sarcoma. This individual had no evidence
of mucocutaneous Kaposi sarcoma and the diagnosis of pulmonary Kaposi sarcoma was
established by bronchoscopy with visualization of multiple, characteristic Kaposi sarcoma
lesions (see Figure 7). Chest radiograph courtesy of Laurence Huang, MD.
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Figure 10.

Chest radiograph of an HIV-infected person with hyperinflation, flattened diaphragms,
increased radiolucency of the lungs, and multiple, large bullae from severe COPD. Chest
radiograph courtesy of Laurence Huang, MD.
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Table 1

CD4 count

Lower Respiratory Iliness

Any

Acute bronchitis

Bacterial pneumonia

Tuberculosis

Non-Hodgkin lymphoma

Pulmonary embolus

Bronchogenic carcinoma

Chronic obstructive pulmonary disease

Pulmonary arterial hypertension

<500 cells/pl

Recurrent bacterial pneumonia

<200 cells/pl

Pneumocystis pneumonia
Cryptococcus neoformans pneumonia
Sepsis secondary to bacterial pneumonia

Disseminated or extrapulmonary tuberculosis

<100 cells/pl

Pulmonary Kaposi sarcoma

Toxoplasma pneumonitis

<50 cells/pl

Disseminated Histoplasma capsulatum
Disseminated Coccidioides immitis
Aspergillus pneumonia
Cytomegalovirus pneumonitis

Disseminated non-tuberculous mycobacterial pneumonia
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