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Histoplasmosis: Introduction

Etiology

Histoplasma capsulatum, a thermal dimorphic fungus, is the etiologic agent of histoplasmosis. In most endemic 
areas, H. capsulatum var. capsulatum is the causative agent; in A frica, H. capsulatum var. duboisi i  is also found. 
Mycelia— the natural ly infectious form of Histoplasma— have a characteristic appearance, with microconidial 
and macroconidial forms. M icroconidia are oval and are small enough (2–4  m) to reach the terminal  bronchioles 
and alveoli. Shortly af ter infecting the host, mycelia transform into the yeasts that are found inside macrophages 
and other phagocytes. The yeast forms are characteristically small (2–5  m), with occasional narrow budding. In 
the laboratory, mycelia are best grown at room temperature, whereas yeasts are grown at 37°C on enriched 
media.

Epidemiology

Histoplasmosis is the most prevalent endemic mycosis in North A merica. A lthough this fungal disease has been 
reported throughout the world, its endemicity is particularly notable in certain parts of North, Central, and South 
America; A frica; and Asia. In the United States, the endemic areas spread over the Ohio and M ississippi river 
valleys. This pattern is related to the humid and acidic nature of  the soil in these areas. Soil enriched wi th bird or 
bat droppings promotes the growth and sporulation of  Histoplasma. Disruption of soil containing the organism 
leads to aerosolization of  the microconidia and exposure of humans nearby. Activities associated with high-level  
exposure include spelunking, excavation, cleaning of chicken coops, demol ition and remodeling of old buildings, 
and cutting of  dead trees. M ost cases seen outside of highly endemic areas represent imported disease— e.g., 
cases reported in Europe af ter travel to the Americas, Africa, or Asia.

Pathogenesis and Pathology

Infection follows inhalation of microconidia (Fig. 199-1). Once they reach the alveolar spaces, microconidia are 
rapidly recognized and engul fed by alveolar macrophages. A t this point, the microconidia transform into 
budding yeasts (Fig. 199-2), a process that is integral  to the pathogenesis of histoplasmosis and is dependent on 
the availabi l ity of  calcium and iron inside the phagocytes. The yeasts are capable of  growing and multiplying 
inside resting macrophages. Neutrophils and then lymphocytes are attracted to the site of  infection. Before the 
development of  cellular immunity, yeasts use the phagosomes as a vehicle for translocation to local draining 
lymph nodes, whence they spread hematogenously throughout the reticuloendothel ial  system. A dequate cel lular 
immunity develops ~2 weeks after infection. T cells produce interferon  to assist the macrophages in ki l l ing the 
organism and control l ing the progression of  disease. Interleukin 12 and tumor necrosis factor  (TNF- ) play an 
essential role in cellular immunity to H. capsulatum. In the immunocompetent host, macrophages, lymphocytes, 
and epithelial cells eventual ly organize and form granulomas that contain the organisms. These granulomas 
typically fibrose and calcify; calcif ied mediastinal lymph nodes and hepatosplenic calcifications are frequently 
found in healthy individuals from endemic areas. In immunocompetent hosts, infection wi th H. capsulatum
confers some immunity to reinfection. In patients with impaired cellular immunity, the infection is not contained 
and can disseminate. Progressive disseminated histoplasmosis (PDH) can involve mul tiple organs, most 
commonly the bone marrow, spleen, l iver (Fig. 199-3), adrenal glands, and mucocutaneous membranes. Unlike 
latent tuberculosis, latent histoplasmosis rarely reactivates.

Figure 199-1
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Spiked spherical conidia of  H. capsulatum (lacto-phenolcotton blue stain).

Figure 199-2
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Structural lung disease (e.g., emphysema) impairs the clearance of  pulmonary histoplasmosis, and chronic 
pulmonary disease can result. This chronic process is characterized by progressive inf lammation, tissue necrosis, 
and f ibrosis mimicking cavitary tuberculosis.

Clinical Manifestations

The clinical  spectrum of histoplasmosis ranges from asymptomatic infection to li fe-threatening i l lness. The 
attack rate and the extent and severity of  the disease depend on the intensi ty of  exposure, the immune status of  
the exposed individual, and the underlying lung architecture of the host.

In immunocompetent individuals with low-level exposure, most Histoplasma infections are ei ther asymptomatic 
or mild and self-l imi ted. Of adults residing in endemic areas, 50–80% have skin-test and/or radiographic 
evidence of previous infection wi thout cl inical manifestations. When symptoms do develop, they usual ly appear 
1–4 weeks af ter exposure. Heavy exposure leads to a flul ike i l lness with fever, chil ls, sweats, headache, myalgia, 
anorexia, cough, dyspnea, and chest pain. Chest radiographs usually show signs of pneumonitis with hilar or 
mediastinal adenopathy. Pulmonary infi l trates may be focal with l ight exposure or di ffuse with heavy exposure. 
Rheumatologic symptoms of arthralgia or arthritis, of ten associated with erythema nodosum, occur in 5–10% of 
patients wi th acute histoplasmosis. Pericarditis may also develop. These manifestations represent inflammatory 
responses to the acute infection rather than its direct ef fects. Hilar or mediastinal lymph nodes may undergo 
necrosis and coalesce to form large mediastinal masses that can cause compression of  great vessels, proximal 
airways, and the esophagus. These necrotic lymph nodes may also rupture and create f istulas between 
mediastinal structures (e.g., bronchoesophageal f istulas).

PDH is typically seen in immunocompromised individuals, who account for ~70% of cases. Common risk 
factors include AIDS (CD4+ T cell  count, <200/ L ), extremes of  age, and the use of immunosuppressive 

Small (2–5  m) narrow budding yeasts of  H. capsulatum f rom bronchoalveolar lavage f luid (Grocott's 
methenamine silver stain).

Figure 199-3

I ntracellular  yeasts (arrows) of  H. capsulatum in a l iver biopsy specimen (hematoxyl in and eosin stain).
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medications such as prednisone, methotrexate, and anti -TNF- agents. The spectrum of  PDH ranges from an 
acute, rapidly fatal course— with dif fuse intersti tial or reticulonodular lung infil trates causing respiratory failure, 
shock, coagulopathy, and multiorgan failure— to a more subacute course wi th a focal organ distribution. 
Common manifestations include fever and weight loss. Hepatosplenomegaly is also common. Other f indings 
may include meningitis or focal brain lesions, ulcerations of the oral  mucosa, gastrointestinal  ulcerations, and 
adrenal insuff iciency. Prompt recognition of this devastating il lness is of  paramount importance in patients wi th 
more severe manifestations or wi th underlying immunosuppression, especially AIDS (Chap. 189).

Chronic cavitary histoplasmosis is seen in smokers who have structural lung disease (e.g., bullous emphysema). 
This chronic i l lness is characterized by productive cough, dyspnea, low-grade fever, night sweats, and weight 
loss. Chest radiographs usually show upper-lobe infi ltrates, cavitation, and pleural thickening— f indings 
resembling those of  tuberculosis. Without treatment, the course is slowly progressive.

Fibrosing mediastini tis is an uncommon and serious complication of histoplasmosis. In certain patients, acute 
infection is followed for unknown reasons by progressive fibrosis around the hi lar and mediastinal lymph nodes. 
Involvement may be uni lateral or bilateral; bi lateral involvement carries a worse prognosis. Major mani festations 
include superior vena cava syndrome, obstruction of  pulmonary vessels, and airway obstruction. Patients may 
experience recurrent pneumonia, hemoptysis, or respiratory failure. Fibrosing mediastini tis is fatal  in up to one-
third of cases.

In healed histoplasmosis, calcif ied mediastinal nodes or lung parenchyma may erode through the walls of the 
airways and cause hemoptysis. This condition is called bronchol ithiasis.

A frican histoplasmosis caused by H. capsulatum var. duboisi i  is clinically distinct and is characterized by 
frequent skin and bone involvement.

Diagnosis

Fungal cul ture remains the gold standard diagnostic test for histoplasmosis. However, culture results may not be 
known for up to 1 month, and cul tures are of ten negative in less severe cases. Cultures are positive in ~75% of  
cases of PDH and chronic pulmonary histoplasmosis. Cultures of bronchoalveolar lavage (BAL) f luid are 
positive in about hal f of  patients with acute pulmonary histoplasmosis causing dif fuse inf iltrates with 
hypoxemia. In PDH, the culture yield is highest for BAL f luid, bone marrow aspirate, and blood. Cultures of 
sputum or bronchial washings are usually positive in chronic pulmonary histoplasmosis. Cultures are typically 
negative, however, in other forms of  histoplasmosis.

Fungal stains of  cytopathology or biopsy materials showing structures resembling Histoplasma yeasts are helpful  
in the diagnosis of  PDH, yielding positive results in about half  of  cases. Yeasts can be seen in BAL fluid (Fig. 
199-2) from patients with diffuse pulmonary inf il trates, in bone marrow biopsy samples, and in biopsy 
specimens of  other involved organs (e.g., the adrenal  glands). Occasional ly, yeasts are seen in blood smears from 
patients wi th severe PDH. However, staining artifacts and other fungal  elements may be misidentif ied as 
Histoplasma yeasts.

The detection of  Histoplasma antigen in body f luids is extremely useful in the diagnosis of  PDH and acute 
dif fuse pulmonary histoplasmosis. The sensitivity of this technique is >95% in patients wi th PDH and ~80% in 
patients wi th acute pulmonary histoplasmosis if  both urine and serum are tested. A ntigen can be detected in 
cerebrospinal fluid from patients with meningitis and in BAL fluid from those with pneumonia. Cross-reactivi ty 
occurs wi th A frican histoplasmosis, blastomycosis, coccidioidomycosis, paracoccidioidomycosis, and 
Penicil l ium marneffei infection.

Serologic tests, including immunodif fusion and complement f ixation, are especially useful for the diagnosis of 
self-l imited pulmonary histoplasmosis; however, at least 1 month is required for the production of antibodies 
af ter acute infection. A  fourfold rise in antibody titer may be seen in patients with acute histoplasmosis. 
Serologic tests are also useful  for the diagnosis of chronic pulmonary histoplasmosis. L imitations of serology, 
however, include insensitivity early in the course of  infection and in immunosuppressed patients and the 
persistence of  detectable antibody for several years af ter infection. Positive results f rom past infection may lead 
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to a misdiagnosis of  active histoplasmosis in a patient with another disease process.

Treatment: Histoplasmosis

Treatment recommendations for histoplasmosis are summarized in T able 199-1. Treatment is indicated for all 
patients wi th PDH or chronic pulmonary histoplasmosis as well as for symptomatic patients with acute 
pulmonary histoplasmosis causing dif fuse inf i ltrates, especially with hypoxemia. In most cases of pulmonary 
histoplasmosis, treatment is not recommended because the degree of exposure is not heavy; the infection is 
asymptomatic or symptoms are mild, subacute, and not progressive; and the i l lness resolves without therapy.

The preferred treatments for histoplasmosis include the lipid formulations of  amphotericin B in more severe 
cases and itraconazole in others. L iposomal amphotericin B has been more ef fective than the deoxycholate 
formulation for treatment of PDH in patients with AIDS. The deoxycholate formulation of amphotericin B is an 
alternative to a lipid formulation for patients at low risk for nephrotoxicity. Posaconazole, voriconazole, and 
fluconazole are alternatives for patients who cannot take itraconazole.

In severe cases requiring hospitalization, a l ipid formulation of amphotericin B is followed by i traconazole. In 
patients with meningitis, a lipid formulation of amphotericin B should be given for 4–6 weeks before the switch 
to itraconazole. In immunosuppressed patients, the degree of  immunosuppression should be reduced if  possible, 
although immune reconstitution inf lammatory syndrome (IRIS) may ensue. Antiretroviral  treatment improves 
the outcome of PDH in patients wi th A IDS and is recommended; however, whether antiretroviral treatment 
should be delayed to avoid IRIS is unknown.

Blood levels of  itraconazole should be moni tored to ensure adequate drug exposure, with target concentrations of 
2–10  g/mL. Drug interactions should be carefully assessed: itraconazole not only is cleared by cytochrome 
P450 metabolism but also inhibits cytochrome P450. This prof i le causes interactions with many other 
medications.

Table 199-1 Recommendations for the Treatment of Histoplasmosis

T ype of H istoplasmosis Treatment Recommendations Comments
A cute pulmonary, 
moderate to severe i l lness 
with dif fuse inf iltrates 
and/or hypoxemia

Lipid AmB (3–5 mg/kg per day) ±
glucocorticoids for 1–2 weeks; then 
itraconazole (200 mg bid) for 12 
weeks. M onitor renal and hepatic 
function.

Patients wi th mild cases usually recover 
without therapy, but itraconazole should be 
considered if  the patient's condition has not 
improved after 1 month.

Chronic/cavitary 
pulmonary

Itraconazole (200 mg qd or bid) for at 
least 12 months. M onitor hepatic 
function.

Continue treatment until radiographic 
f indings show no further improvement. 
M onitor for relapse af ter treatment is 
stopped.

Progressive disseminated Lipid AmB (3–5 mg/kg per day) for 
1–2 weeks; then itraconazole (200 mg 
bid) for at least 12 months. M onitor 
renal and hepatic function.

L iposomal AmB is preferred, but the AmB 
l ipid complex may be used because of cost. 
Chronic maintenance therapy may be 
necessary i f  the degree of  
immunosuppression cannot be reduced.

Central nervous system Liposomal AmB (5 mg/kg per day) 
for 4–6 weeks; then itraconazole (200 
mg bid or tid) for at least 12 months. 
M onitor renal and hepatic -function.

A longer course of lipid AmB is 
recommended because of the high risk of  
relapse. I traconazole should be continued 
until cerebrospinal f luid or CT abnormalities 
clear.

Abbreviation: AmB, amphotericin B.
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The duration of treatment for acute pulmonary histoplasmosis is 6–12 weeks, while that for PDH and chronic 
pulmonary histoplasmosis is 1 year. A ntigen levels in urine and serum should be moni tored during and for at 
least 1 year after therapy for PDH. Stable or rising antigen levels suggest treatment failure or relapse.

Previously, l i felong itraconazole maintenance therapy was recommended for patients with AIDS once 
histoplasmosis was diagnosed. Today, however, maintenance therapy is not requi red for patients who respond 
well to antiretroviral therapy, with CD4+ T cell  counts of at least 150/ L (preferably >250/ L ); who complete at 
least 1 year of  itraconazole therapy; and who exhibit neither clinical evidence of  active histoplasmosis nor an 
antigenuria level of  >4 ng/mL. M aintenance therapy also appears to be unnecessary in patients receiving 
immunosuppressive treatment if  the degree of immunosuppression can be reduced through an approach simi lar 
to that used for patients wi th A IDS.

Fibrosing mediastini tis, which represents a chronic f ibrotic reaction to past mediastinal histoplasmosis rather 
than an active infection, does not respond to anti fungal therapy. Whi le treatment is often prescribed for patients 
with pulmonary histoplasmosis who have not recovered within 1 month and for those with persistent mediastinal 
lymphadenopathy, the ef fectiveness of  antifungal therapy in these situations is unknown.
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Coccidioidomycosis: Introduction

Definition and Etiology

Coccidioidomycosis, commonly known as Valley Fever, is caused by dimorphic soil-dwell ing fungi  of the genus 
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Coccidioides. Genetic analysis has demonstrated the existence of  two species, C. immitis and C. posadasi i .
These species are indistinguishable with regard to the cl inical disease they cause and their appearance on routine 
laboratory media. Thus, the organisms wi l l be referred to simply as Coccidioides for the remainder of  this 
chapter.

Epidemiology

Coccidioidomycosis is confined to the Western Hemisphere between the lati tudes of 40°N and 40°S. In the 
United States, areas of  high endemicity include the southern portion of  the San Joaquin Val ley of  California and 
the south-central region of  A rizona. However, infection may be acquired in other areas of  the southwestern 
United States, including the southern coastal counties in California, southern Nevada, southwestern Utah, 
southern New M exico, and western Texas, including the Rio Grande Val ley. Outside the United States, 
coccidioidomycosis is endemic to northern Mexico as well as to localized regions of Central  America. In South 
America, there are endemic foci in Colombia, Venezuela, northeastern Brazil, Paraguay, Bol ivia, and north-
central A rgentina.

The risk of  infection is increased by direct exposure to soil harboring Coccidioides. Because of dif f icul ty in 
isolating Coccidioides f rom the soil , the precise characteristics of potentially infectious soil are not known. 
Several  outbreaks of coccidioidomycosis have been associated wi th soil f rom archaeologic excavations of  
Amerindian sites both within and outside of  the recognized endemic region. These cases often involved alluvial 
soils in regions of  relative aridity with moderate temperature ranges. Coccidioides was isolated at depths of 2–20  
cm below the surface.

In endemic areas, many cases of  Coccidioides infection occur wi thout obvious soi l or dust exposure. Climatic 
factors appear to increase the infection rate in these regions. In particular, periods of aridity following rainy 
seasons have been associated with marked increases in the number of symptomatic cases. The number of  cases 
of symptomatic coccidioidomycosis has increased dramatically in south-central A rizona, where most of  the 
state's population resides. The factors causing this increase have not been fully elucidated; however, an inf lux of  
older individuals wi thout prior coccidioidal infection into the region appears to be involved. Other variables, 
such as cl imate change, construction activity, and increased awareness and reporting, may also be factors. A  
similar increase in the incidence of  symptomatic cases has recently been observed in the southern San Joaquin 
Valley of California.

Pathogenesis, Pathology, and Immune Response

On agar media and in the soi l , Coccidioides organisms exist as f i lamentous molds. Within this mycelial 
structure, individual f ilaments (hyphae) elongate and branch, some growing upward. A l ternating cells wi thin the 
hyphae degenerate, leaving barrel-shaped viable elements cal led arthroconidia. M easuring 2 by 5 m , 
arthroconidia may become airborne for extended periods. Their small size al lows them to evade initial 
mechanical mucosal  defenses and reach deep into the bronchial tree, where infection is ini tiated in the 
nonimmune host.

Once in a susceptible host, the arthroconidia enlarge, become rounded, and develop internal septations. The 
resulting structures, cal led spherules (Fig. 200-1), may attain sizes of 200 m and are unique to Coccidioides.  
The septations encompass uninuclear elements cal led endospores. Spherules may rupture and release packets of  
endospores that can themselves develop into spherules, thus propagating infection locally. I f  returned to artif icial 
media or the soil, the fungus reverts to its mycel ial  stage.

Figure 200-1
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Clinical observations and data from studies of animals strongly support the cri tical role of a robust cellular 
immune response in the host's control of coccidioidomycosis. Necrotizing granulomas containing spherules are 
typically identified in patients with resolved pulmonary infection. In disseminated disease, granulomas are 
generally poorly formed or do not develop at all, and a polymorphonuclear leukocyte response occurs f requently. 
In patients who are asymptomatic or in whom the initial  pulmonary infection resolves, delayed-type 
hypersensitivity to coccidioidal antigens is routinely documented.

Clinical and Laboratory Manifestations

Coccidioidomycosis is protean in i ts manifestations. Among infected individuals, 60% are completely 
asymptomatic, and the remaining 40% have symptoms that are related principally to pulmonary infection, 
including fever, cough, and pleuritic chest pain. The risk of  symptomatic i l lness increases with age. 

L ife cycle of Coccidioides. (From TN Kirkland, J Fierer: Emerg Infect Dis 2:192, 1996.)
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Coccidioidomycosis is commonly misdiagnosed as community-acquired bacterial pneumonia.

There are several  cutaneous manifestations of  primary pulmonary coccidioidomycosis. Toxic erythema 
consisting of  a maculopapular rash has been noted in some cases. Erythema nodosum (see Fig. e7-40)— typical ly 
over the lower extremities— or erythema multiforme (see Fig. e7-25)— usual ly in a necklace distribution— may 
occur; these manifestations are seen particularly of ten in women. A rthralgias and arthritis may develop. The 
diagnosis of  primary pulmonary coccidioidomycosis is suggested by a history of  night sweats or profound 
fatigue as well as by peripheral-blood eosinophil ia and hilar or mediastinal  lymphadenopathy on chest 
radiography. While pleuritic chest pain is common, pleural ef fusions occur in fewer than 10% of cases. Such 
ef fusions are invariably associated with a pulmonary inf i l trate on the same side. The cellular content of  these 
ef fusions is mononuclear in nature; Coccidioides is rarely grown from effusions.

In most patients, primary pulmonary coccidioidomycosis usually resolves without sequelae in several weeks. 
However, a variety of pneumonic compl ications may ensue. Pulmonary nodules are residua of  primary 

pneumonia. Generally single, frequently located in the upper lobes, and 4 cm in diameter, nodules are of ten 
discovered on a routine chest radiograph in an asymptomatic patient. Calcif ication is uncommon. Coccidioidal 
pulmonary nodules can be dif ficult to distinguish radiographically from pulmonary malignancies. L ike 
mal ignancies, coccidioidal nodules often enhance on positron emission tomography. However, routine CT often 
demonstrates multiple nodules in coccidioidomycosis. Biopsy is often required to distinguish between these two 
conditions.

Pulmonary cavities occur when a nodule extrudes i ts contents into the bronchus, resulting in a thin-walled shell . 
These cavities can be associated with persistent cough, hemoptysis, and pleuritic chest pain. Rarely, a cavity may 
rupture into the pleural space, causing pyopneumothorax. In such cases, patients present with acute dyspnea, and 
the chest radiograph reveals a collapsed lung with a pleural  air-fluid level. Chronic or persistent pulmonary 
coccidioidomycosis manifests wi th prolonged symptoms of fever, cough, and weight loss and is radiographically 
associated with pulmonary scarring, f ibrosis, and cavi ties. It occurs in fewer than 1% of patients, many of whom 
already have chronic lung disease of  other etiologies.

In some cases, primary pneumonia presents as a dif fuse reticulonodular pulmonary process (detected by plain 
chest radiography) in association with dyspnea and fever. Primary dif fuse coccidioidal pneumonia may occur in 
settings of  intense environmental exposure or profoundly suppressed cel lular immunity (e.g., in patients wi th 
A IDS), with unrestrained fungal growth that is frequently associated with fungemia.

Clinical dissemination outside the thoracic cavity occurs in fewer than 1% of infected individuals. Dissemination 
is more l ikely to occur in male patients, particularly those of A frican-American or Fil ipino ancestry, and in 
persons with depressed cellular immunity, including patients with HIV infection and peripheral-blood CD4+ T 
cell counts of <250/ L; those receiving chronic glucocorticoid therapy; those with allogeneic solid-organ 
transplants; and those being treated with tumor necrosis factor  (TNF- ) antagonists. Women who acqui re 
infection during the second or third trimester of  pregnancy are also at risk for disseminated disease. Common 
sites for dissemination include the skin, bone, joints, sof t tissues, and meninges. Dissemination may follow 
symptomatic or asymptomatic pulmonary infection and may involve only one si te or multiple anatomic foci. 
When it occurs, clinical dissemination is usually evident wi thin the fi rst few months after primary pulmonary 
infection.

M eningitis, i f untreated, is uniformly fatal. Patients usually present wi th a persistent headache, which is 
occasionally accompanied by lethargy and confusion. Nuchal rigidity, i f present, is not severe. Examination of 
cerebrospinal  fluid (CSF) demonstrates lymphocytic pleocytosis with profound hypoglycorrhachia and elevated 
protein levels. CSF eosinophilia is occasionally documented. With or without appropriate therapy, patients may 
develop hydrocephalus, which presents clinical ly as a marked decline in mental status, of ten with gait 
disturbances.

Diagnosis

As mentioned above, coccidioidomycosis is of ten misdiagnosed as community-acquired bacterial pneumonia. 
Serology plays an important role in establishing the diagnosis of coccidioidomycosis. Several  techniques are 
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available, including the traditional tube-precipi tin (TP) and complement-f ixation (CF) assays, immunodif fusion 
(IDTP and IDCF), and enzyme immunoassay (EIA ) to detect IgM  and IgG antibodies. TP and IgM antibodies 
are found in serum soon af ter infection and persist for weeks. They are not useful for gauging disease 
progression and are not found in the CSF. The CF and IgG antibodies occur later in the course of the disease and 
persist longer than TP and IgM  antibodies. Rising CF titers are associated with clinical progression, and the 
presence of CF antibody in CSF is an indicator for coccidioidal meningitis. Antibodies disappear over time in 
persons whose clinical i l lness resolves.

Because of its commercial availabil ity, the coccidioidal  EIA  is frequently used as a screening tool for 
coccidioidal  serology. There has been concern that the IgM EIA is occasionally falsely positive. In addi tion, 
while the sensitivity and specif ici ty of the IgG EIA  appear to be high when compared with those of the CF and 
IDCF assays, the optical densi ty obtained in the EIA  does not correlate with the serologic titer of  ei ther of  the 
latter tests.

Coccidioides grows within 3–7 days at 37°C on a variety of arti ficial media, including blood agar. Therefore, it 
is always useful to obtain samples of sputum or other respiratory f luids and tissues for culture in suspected cases 
of coccidioidomycosis. The clinical  laboratory should be alerted to the possibil ity of  this diagnosis, since 
Coccidioides can pose a signif icant hazard to laboratory workers if  it is inadvertently inhaled. The organism can 
also be identif ied directly. While treatment of samples with potassium hydroxide is rarely fruitful in establishing 
the diagnosis, examination of  sputum or other respiratory fluids after Papanicolaou or Gomori methenamine 
silver staining reveals spherules in a signi ficant proportion of patients with pulmonary coccidioidomycosis. For 
fixed tissues (e.g., those obtained f rom biopsy specimens), spherules with surrounding inflammation can be 
demonstrated wi th hematoxyl in-eosin or Gomori methenamine silver staining.

A  commercially avai lable test for coccidioidal antigenuria and antigenemia that appears to be useful for the 
diagnosis of  coccidioidomycosis, particularly in immunosuppressed patients with severe or disseminated disease, 
has been developed. However, this test can yield false-positive resul ts, especial ly in cases of histoplasmosis and 
blastomycosis. Some laboratories offer genomic detection by polymerase chain reaction.

Treatment: Coccidioidomycosis

Currently, two main classes of antifungal agents are useful for the treatment of  coccidioidomycosis (Table 200-
1). While once routinely prescribed, amphotericin B in all  its formulations is now reserved for only the most 
severe cases of dissemination and for intrathecal or intraventricular administration to patients with coccidioidal 
meningitis in whom triazole therapy has failed. The original formulation of amphotericin B, which is dispersed 
with deoxycholate, is usual ly administered intravenously in doses of 0.7–1.0 mg/kg either daily or three times 
per week. The newer lipid-based formulations— amphotericin B lipid complex (ABLC), amphotericin B 
colloidal dispersion (ABCD), and amphotericin B liposomal complex— appear to of fer no therapeutic advantage 
over the deoxycholate formulation for the treatment of  coccidioidomycosis but are associated wi th less renal 
toxicity. The lipid dispersions are administered intravenously at doses of 5 mg/kg dai ly or three times per week.

Table 200-1 Clinical Presentations of Coccidioidomycosis, Their Frequency, and Recommended Initial  
Therapy for the Immunocompetent Host

Clinical Presentation Frequency, % Recommended Therapy
Asymptomatic 60 None
Primary pneumonia (focal) 40 In most cases, nonea

Diffuse pneumonia <1 Amphotericin B followed by prolonged oral triazole therapy
Pulmonary sequelae 5
  Nodule — None
  Cavity — In most cases, noneb
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Triazole antifungals are the principal  drugs now used to treat most cases of  coccidioidomycosis. Clinical  trials 
have demonstrated the usefulness of both fluconazole and i traconazole, and evidence indicates that i traconazole 
may be more ef ficacious against bone and joint disease. Because of  i ts demonstrated penetration into CSF, 
fluconazole is the azole of choice for the treatment of  coccidioidal meningitis, but itraconazole is also effective. 
For both drugs, a minimal oral adult dosage of  400 mg/d should be used. The maximal dose of  itraconazole is 
200 mg three times daily, but higher doses of  f luconazole may be given. Two newer triazole antifungals, 
posaconazole and voriconazole, are now available. However, given the relative pauci ty of clinical data, the high 
cost, and (particularly for voriconazole) the potential toxicity, these agents should be reserved for cases that 
remain recalcitrant when treated wi th fluconazole or itraconazole. High-dose triazole therapy may be teratogenic, 
particularly during the f irst trimester; thus, amphotericin B should be considered as therapy for 
coccidioidomycosis in pregnant women.

Most patients with focal primary pulmonary coccidioidomycosis require no therapy. Patients for whom 
anti fungal therapy should be considered include those wi th underlying cellular immunodef iciencies and those 

with prolonged symptoms and signs of  extensive disease. Speci fic criteria include symptoms persisting for 2  
months, night sweats occurring for >3 weeks, weight loss of >10%, a serum CF antibody titer of  >1:16, and 
extensive pulmonary involvement apparent on chest radiography.

Diffuse pulmonary coccidioidomycosis represents a special  situation. Because most patients with this form of 
disease are profoundly hypoxemic and critically il l, many clinicians favor beginning therapy with amphotericin 
B and switching to an oral triazole once clinical improvement occurs.

The nodules that may fol low primary pulmonary coccidioidomycosis do not require treatment. As noted above, 
these nodules are not easily distinguished from pulmonary malignancies by means of radiographic imaging. 
Close cl inical follow-up and biopsy may be required to distinguish between these two enti ties. M ost pulmonary 
cavities do not require therapy. A ntifungal treatment should be considered in patients with persistent cough, 
pleuritic chest pain, and hemoptysis. Occasionally, pulmonary coccidioidal cavities become secondarily infected. 
This development is usually manifested by an air-f luid level within the cavity. Bacterial f lora or Aspergi l lus
species are commonly involved, and therapy directed at these organisms should be considered. Surgery is rarely 

  Chronic pneumonia — Prolonged triazole therapy
Disseminated disease

1
  Skin, bone, joint, soft tissue — Prolonged triazole therapyc

  Meningitis — Life-long triazole therapyd

aTreatment is indicated for hosts with depressed cellular immunity as well as for those with prolonged symptoms 
and signs of increased severity, including night sweats for >3 weeks, weight loss of >10%, a complement-
fixation titer of >1:16, and extensive pulmonary involvement on chest radiography.

bTreatment (usually wi th the oral triazoles f luconazole and itraconazole) is recommended for persistent 
symptoms.

cIn severe cases, some clinicians would use amphotericin B as initial  therapy.

dIntraventricular or intrathecal amphotericin B is recommended in cases of triazole failure. Hydrocephalus may 
occur, requiring a CSF shunt.

Note:  See text for dosages and durations. 
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required except in cases of  persistent hemoptysis or pyopneumothorax. For chronic pulmonary 
coccidioidomycosis, prolonged antifungal therapy— lasting for at least 1 year— is usually required, with 
monitoring of  symptoms, radiographic changes, sputum cultures, and serologic ti ters.

M ost cases of  disseminated coccidioidomycosis require prolonged anti fungal therapy. Duration of  treatment is 
based on resolution of the signs and symptoms of the lesion in conjunction with a signi ficant decline in serum 
CF antibody titer. Such therapy routinely is continued for at least several years. Relapse occurs in 15–30% of 
individuals once therapy is discontinued.

Coccidioidal  meningi tis poses a special  challenge. While most patients with this form of  disease respond to 
treatment with oral triazoles, 80% experience relapse when therapy is stopped. Thus, l i fe-long therapy is 
recommended. In cases of  triazole failure, intrathecal or intraventricular amphotericin B may be used. 
Installation requires considerable expertise and should be performed only by an experienced health care 
provider. Shunting of CSF in addition to appropriate antifungal therapy is required in cases of meningitis 
compl icated by hydrocephalus. I t is prudent to obtain expert consul tation in all cases of coccidioidal meningi tis.

Prevention

There are no proven methods to reduce the risk of  acquiring coccidioidomycosis among residents of an endemic 
region. Avoidance of direct contact with uncultivated soil  or with visible dust containing soil presumably 
reduces the risk. Targeted prophylactic antifungal therapy is appropriate in patients who have evidence of  active 
or recent coccidioidomycosis and are about to undergo allogeneic sol id-organ transplantation. Data on the use of  
anti fungal agents for prophylaxis in other situations are scanty. However, most experts would administer triazole 
anti fungal therapy to patients with a history of active coccidioidomycosis or a positive coccidioidal serology in 
whom therapy with TNF– antagonists is being initiated.
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Blastomycosis: Introduction

Blastomycosis is a systemic pyogranulomatous infection, involving primarily the lungs, that arises after 
inhalation of the conidia of  Blastomyces dermatitidis. Pulmonary blastomycosis varies f rom an asymptomatic 
infection to acute or chronic pneumonia. Hematogenous dissemination occurs f requently. Extrapulmonary 
disease of the skin, bones, and genitourinary system is common, but almost any organ can be infected.

Etiologic Agent

B. dermatitidis is the asexual state of Ajellomyces dermatitidis. Two serotypes have been identi f ied on the basis 
of the presence or absence of  the A  antigen. B. dermatitidis exhibits thermal  dimorphism, growing as the 
mycelial phase at room temperature and as the yeast phase at 37°C. Primary isolation is most dependable for the 
mycelial phase incubated at 30°C. Def initive identi fication usual ly requires conversion to the yeast phase at 37°
C or, more commonly, the use of nucleic acid ampl ification techniques (e.g., AccuProbe, Gen-Probe, San D iego, 
CA) that detect mycelial-phase growth. Y east cells are usual ly 8–15  m in diameter, have thick refracti le cel l 
walls, are multinucleate, and reproduce by a single, large, broad-based bud.

Epidemiology

M ost cases of  blastomycosis have been reported in North A merica. Endemic areas include the southeastern and 
south-central states bordering the M ississippi and Ohio river basins, the midwestern states and Canadian 
provinces bordering the Great Lakes, and a small  area in New Y ork and Canada along the St. Lawrence River. 
Outside North America, blastomycosis has been reported most frequently in Africa.

Early studies of  endemic cases indicated that middle-aged men with outdoor occupations were at greatest risk. 
Reported outbreaks, however, do not suggest a predi lection according to sex, age, race, occupation, or season. B .  
dermati tidis probably grows as microfoci in the warm, moist soil of  wooded areas rich in organic debris. 
Exposure to soil , whether related to work or recreation, appears to be the common factor associated with 
infection.

Pathogenesis

A fter inhalation, the conidia of B. dermatitidis are susceptible to phagocytosis and ki l l ing in the lungs by 
polymorphonuclear leukocytes, monocytes, and alveolar macrophages. This phagocytic response represents 
innate immunity and probably explains the high frequency of asymptomatic infections in outbreaks. Conidia that 
escape phagocytosis rapidly convert to the yeast phase in tissue. The greater resistance of  the thick-wal led yeast 
form to phagocytosis and kill ing probably contributes to infection. This yeast-phase conversion also induces the 
expression of  the 120-kDa glycoprotein BAD-1, which is an adhesin, an essential virulence factor, and the major 
epitope for humoral and cellular immunity. The primary acquired host defense against B. dermati tidis is cellular 
immunity mediated by antigen-specif ic T cells and lymphokine-activated macrophages.

Approach to the Patient: Blastomycosis

Whether acute or chronic, blastomycosis mimics many other disease processes. For example, acute pulmonary 
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blastomycosis may present with signs and symptoms indistinguishable f rom those of bacterial  pneumonia or 
inf luenza. Chronic pulmonary blastomycosis most commonly mimics malignancy or tuberculosis. Skin lesions 
are of ten misdiagnosed as basal cell  or squamous cell  carcinoma, pyoderma gangrenosum, or keratoacanthoma. 
Laryngeal lesions are f requently mistaken for squamous cell carcinoma. Thus, the clinician must maintain a high 
index of suspicion and perform a careful histologic evaluation of secretions or biopsy material f rom patients who 
live in or have visited regions endemic for blastomycosis.

Clinical Manifestations

Acute pulmonary infection is usually diagnosed in association with point-source outbreaks and is accompanied 
by the abrupt onset of fever, chil ls, pleuri tic chest pain, arthralgias, and myalgias. Cough is initially 
nonproductive but f requently becomes purulent as disease progresses. Chest radiographs usually reveal alveolar 
inf i ltrates with consolidation. Pleural effusions and hilar adenopathy are uncommon. M ost patients diagnosed 
with pulmonary blastomycosis have chronic indolent pneumonia with signs and symptoms of fever, weight loss, 
productive cough, and hemoptysis. The most common radiologic f indings are alveolar inf iltrates wi th or without 
cavitation, mass lesions that mimic bronchogenic carcinoma, and fibronodular inf i ltrates. Respiratory failure 
(adult respiratory distress syndrome) associated wi th mil iary disease or diffuse pulmonary infi l trates is more 
common among immunocompromised patients, especially those in the late stages of  A IDS (Chap. 189). 
M ortal i ty rates are 50% among these patients, and most deaths occur within the f irst few days of  therapy.

Skin disease is the most common extrapulmonary manifestation of  blastomycosis. Two types of  skin lesions 
occur: verrucous (more common) and ulcerative. Osteomyelitis is associated with as many as one-fourth of  B .  
dermati tidis infections. The vertebrae, pelvis, sacrum, skull, ribs, or long bones are most f requently involved. 
Patients w ith B. dermatitidis osteomyeli tis of ten present wi th contiguous soft-tissue abscesses or chronic 
draining sinuses. In men, blastomycosis may involve the prostate and epididymis. Central nervous system (CNS) 
disease occurs in <5% of immunocompetent patients wi th blastomycosis. In AIDS patients, however, CNS 
disease has been reported in ~40% of cases, usually presenting as a brain abscess. L ess common forms of  CNS 
disease are cranial or spinal epidural abscess and meningi tis.

Diagnosis

Definitive diagnosis of blastomycosis requires growth of the organism from sputum, pus, or biopsy material . A 
presumptive diagnosis is made by visualization of the characteristic broad-based budding yeast in cl inical  
specimens. Serologic diagnosis of blastomycosis is of  l imited usefulness because of cross-reactivity with other 
fungal antigens.

A  Blastomyces antigen assay that detects antigen in urine and serum is commercially available (M ira V ista 
Diagnostics, Indianapol is, IN). A ntigen detection in urine appears to be more sensitive than serum antigen 
detection. This antigen test may be useful for monitoring of patients during therapy or for early detection of 
relapse. Molecular identif ication techniques, including DNA probe hybridization, are commercially avai lable but 
are currently used only to supplement tradi tional methods of  diagnosis.

Treatment: Blastomycosis

The Infectious Diseases Society of  America has published guidel ines for the treatment of blastomycosis. 
Selection of  an appropriate therapeutic regimen must be based on the clinical form and severity of  the disease, 
the immune status of the patient, and the toxicity of the antifungal agent (Table 201-1). A l though spontaneous 
cures of acute pulmonary infection have been wel l documented, there are no criteria by which to distinguish 
patients whose disease wil l  progress or disseminate. Thus, almost all patients with blastomycosis should be 
treated.

Table 201-1 Treatment of  Blastomycosis

D isease Primary Therapy Alternative Therapy
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Itraconazole is the agent of  choice for immunocompetent patients with mild to moderate pulmonary or non-CNS 
extrapulmonary disease. Therapy is continued for 6–12 months. Amphotericin B is the preferred initial treatment 
for patients who are severely immunocompromised, who have life-threatening disease or CNS disease, or whose 
disease progresses during treatment with itraconazole. Although not rigorously studied, l ipid formulations of 

I mmunocompetent Patient/Life-T hreatening Disease
Pulmonary Lipid AmB, 3–5 mg/kg qd,

or

Deoxycholate AmB,

0.7–1.0 mg/kg qd

(total dose: 1.5–2.5 g)

Itraconazole, 200–400 mg/d (once 
patient's condition has stabil ized)

Disseminated
  CNS Lipid AmB, 3–5 mg/kg qd,

or

Deoxycholate AmB,

0.7–1.0 mg/kg qd (total dose: at least 2 g)

Fluconazole, 800 mg/d (if  patient 
is intolerant to ful l course of AmB)

Non-CNS Lipid AmB, 3–5 mg/kg qd,

or

Deoxycholate AmB, 0.7–1.0 mg/kg qd (total dose: 
1.5–2.5 g)

Itraconazole, 200–400 mg/d (once 
patient's condition has stabil ized)

I mmunocompetent Patient/Non-Life-T hreatening Disease
Pulmonary or 
disseminated (non-
CNS)

I traconazole, 200–400 mg/d, or

Lipid AmB, 3–5 mg/kg qd,

or

Deoxycholate AmB, 0.5–0.7 mg/kg qd (in patients 
intolerant to i traconazole or whose disease 
progresses despite therapy)

Fluconazole, 400–800 mg/d,

or

Ketoconazole, 400–800 mg/d

I mmunocompromised Patienta

All infections Lipid AmB, 3–5 mg/kg qd,

or

Deoxycholate AmB, 0.7–1.0 mg/kg qd (total dose: 
1.5–2.5 g)

Itraconazole, 200–400 mg/d (non-
CNS disease, once cl inically 
improved)

aSuppressive therapy with itraconazole may be considered for patients whose immunocompromised state 
continues. Fluconazole (800 mg/d) may be useful for patients who have CNS disease or cannot tolerate 
i traconazole.

Abbreviations: AmB, amphotericin B; CNS, central nervous system.
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amphotericin B can provide an alternative for patients who cannot tolerate amphotericin B deoxycholate. M ost 
patients wi th non-CNS disease whose clinical condi tion improves after an initial course of amphotericin B 
(usually 2 weeks in duration) can be swi tched to itraconazole to complete 6–12 months of  therapy. Fluconazole, 
because of  its excellent penetration of the CNS, may have a role in the treatment of patients with brain abscess or 
meningitis after an initial course of amphotericin B.

V oriconazole has been used successfully to treat refractory blastomycosis, blastomycosis in immunosuppressed 
patients, and— given its good CSF penetration— CNS blastomycosis. There are no data to support the use of  
posaconazole in human cases of  blastomycosis. The echinocandins have variable activity against B. dermatitidis
and have no place in the treatment of  blastomycosis.
Prognosis

Clinical and mycologic response rates are 90–95% among compliant immunocompetent patients given 
itraconazole for mild to moderate pulmonary and extrapulmonary disease without CNS involvement. Bone and 
joint disease usually requires 12 months of therapy. The <5% of infections that relapse af ter an initial course of  
i traconazole usual ly respond wel l to a second treatment course.
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Cryptococcosis: Introduction
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Definition and Etiology

Cryptococcus, a genus of yeast-l ike fungi, is the etiologic agent of cryptococcosis. There are two species, C .  
neofor mans and C. gatti i , each of which can cause cryptococcosis in humans. C. neoformans occurs in two 
varieties known as grubii  and neoformans, which correlate with serotypes A and D, respectively. C. gatti i  has 
not been divided into varieties but is also antigenical ly diverse, consisting of serotypes B and C. M ost cl inical 
microbiology laboratories do not routinely distinguish between C. neoformans and C. gatti i  or among varieties, 
but rather identi fy and report al l isolates simply as C. neoformans.

Epidemiology

Cryptococcosis was f irst described in the 1890s but remained relatively rare unti l the mid-twentieth century, 
when advances in diagnosis and increases in the number of immunosuppressed individuals markedly raised its 
reported prevalence. The spectrum of  disease caused by Cryptococcus species consists predominantly of 
meningoencephalitis and pneumonia, but skin and sof t tissue infections also occur. Serologic studies have shown 
that, although evidence for cryptococcal infection is common among immunocompetent individuals, 
cryptococcal di sease (cryptococcosis) is relatively rare in the absence of impaired immunity. Individuals at high 
risk for cryptococcosis include patients wi th hematologicmalignancies, recipients of  solid organ transplants who 
require ongoing immunosuppressive therapy, persons whose medical conditions necessi tate glucocorticoid 
therapy, and patients with advanced HIV infection and CD4+ T lymphocyte counts of <200/ L .

Since the onset of  the HIV pandemic in the early 1980s, the overwhelming majority of  cryptococcosis cases have 
occurred in patients wi th A IDS (Chap. 189). To understand the impact of HIV infection on the epidemiology of 
cryptococcosis, it is instructive to note that in the early 1990s there were >1000 cases of  cryptococcal meningitis 
each year in New York City— a f igure far exceeding that for all cases of bacterial meningitis. With the advent of  
effective anti retroviral therapy, the incidence of A IDS-related cryptococcosis has been sharply reduced among 
treated individuals; however, the disease remains distressingly common in regions where antiretroviral  therapy is 
not readily available, such as A frica and Asia, where up to one-third of patients with A IDS have cryptococcosis. 
The global burden of  cryptococcosis was recently estimated at ~1 mill ion cases, with >600,000 deaths annually. 
Thus cryptococci are major human pathogens.

Cryptococcal infection is acquired from the environment. C. neoformans and C. gatti i inhabi t dif ferent ecologic 
niches. C. neoformans is frequently found in soils contaminated with avian excreta and can easily be recovered 
from shaded and humid soi ls contaminated with pigeon droppings. In contrast, C. gatti i is not found in bi rd 
feces. Instead, it inhabi ts a variety of  arboreal species, including several types of eucalyptus tree. C. neoformans
strains are found throughout the world; however, var. grubi i (serotype A ) strains are far more common than var. 
neofor mans (serotype D) strains among both clinical and environmental isolates. The geographic distribution of 
C. gatti i was thought to be largely l imited to tropical regions unti l an outbreak of  cryptococcosis caused by a 
new serotype B strain began in V ancouver in 1999. This outbreak has extended into the United States, and C .  
gatti i  is now being encountered in several states in the Paci fic Northwest. In addi tion to the dif ferent geographic 
distributions of the two cryptococcal species, individual susceptibil ity to these species affects epidemiology. 
Cryptococcosis caused by the C. neofor mans varieties occurs mostly in individuals wi th A IDS (Chap. 189) and 
other forms of impaired immunity. In contrast, C. gatti i–related disease is not associated with specif ic immune 
def icits and often occurs in immunocompetent individuals.

Pathogenesis

Cryptococcal infection is acquired by inhalation of  aerosolized infectious particles. The exact nature of these 
particles is not known; the two leading candidate forms are small  desiccated yeast cells and basidiospores. L ittle 
is known about the pathogenesis of ini tial infection. Serologic studies have shown that cryptococcal infection is 
acquired in childhood, but it is not known whether the initial infection is symptomatic. Given that cryptococcal 
infection is common while disease is rare, the consensus is that pulmonary defense mechanisms in 
immunologically intact individuals are highly effective at containing this fungus. I t is not clear whether initial 
infection leads to a state of immunity or whether most individuals are subject throughout l i fe to frequent and 
recurrent infections that resolve without clinical disease. However, evidence indicates that some human 
cryptococcal infections lead to a state of latency in which viable organisms are harbored for prolonged periods, 
possibly in granulomas. Thus the inhalation of  cryptococcal cells and/or spores can be fol lowed by either 
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clearance or establishment of  the latent state. The consequences of  prolonged harboring of  cryptococcal  cells in 
the lung are not known, but evidence f rom animal studies indicates that the organisms' prolonged presence could 
alter the immunologic mi lieu in the lung and predispose to allergic airway disease.

Cryptococcosis usually presents clinical ly as chronic meningoencephal itis. The mechanisms by which the fungus 
undergoes extrapulmonary dissemination and enters the central nervous system (CNS) remain poorly 
understood. The mechanism by which cryptococcal cells cross the blood-brain barrier is a subject of intensive 
study. Current evidence suggests ei ther direct fungal-cell  migration across the endothelium or fungal-cel l  
carriage inside macrophages as "Trojan horse"  invaders. Cryptococcus species have well-def ined virulence 
factors that include the polysaccharide capsule, the abil i ty to make melanin, and the elaboration of enzymes (e.g., 
phospholipase and urease) that enhance the survival of  fungal cells in tissue. A mong these virulence factors, the 
capsule and melanin production have been most extensively studied. The cryptococcal  capsule is antiphagocytic, 
and the capsular polysaccharide has been associated with numerous deleterious ef fects on host immune function. 
Cryptococcal infections can el icit l ittle or no tissue inf lammatory response. The immune dysfunction seen in 
cryptococcosis has been attributed to the release of  copious amounts of  capsular polysaccharide into tissues, 
where it probably interferes with local immune responses (Fig. 202-1). In clinical  practice, the capsular 
polysaccharide is the antigen that is measured as a diagnostic marker of  cryptococcal infection.

Approach to the Patient: Cryptococcosis

Cryptococcosis should be included in the dif ferential  diagnosis when any patient presents with findings 
suggestive of  chronic meningitis. Concern about cryptococcosis is heightened by a history of  headache and 
neurologic symptoms in a patient with an underlying immunosuppressive disorder or state that is associated with 
an increased incidence of  cryptococcosis, such as advanced HIV  infection or solid organ transplantation.

Clinical Manifestations

Figure 202-1

Cryptococcal antigen in human brain tissue, as revealed by immunohistochemical staining. Brown areas 
show polysaccharide deposits in the midbrain of a patient who died of cryptococcal meningitis. (Repr inted with 
permission from SC Lee et al:  Hum Pathol 27:839, 1996.)
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The clinical  manifestations of cryptococcosis ref lect the si te of fungal infection. Al though infection can affect 
any tissue or organ, the majority of  cases that come to cl inical attention involve the CNS and/or the lungs. CNS 
involvement usually presents as signs and symptoms of  chronic meningitis, such as headache, fever, lethargy, 
sensory deficits, memory deficits, cranial nerve paresis, vision def icits, and meningismus. Cryptococcal 
meningitis di ffers from bacterial meningitis in that many Cryptococcus-infected patients present with symptoms 
of several weeks' duration. In addition, classic characteristics of  meningeal irri tation, such as meningismus, may 
be absent in cryptococcal  meningitis. Indolent cases can present as subacutedementia. M eningeal  cryptococcosis 
can lead to sudden catastrophic vision loss.

Pulmonary cryptococcosis usually presents as cough, increased sputum production, and chest pain. Patients 
infected with C. gatti i can present with granulomatous pulmonary masses known as cryptococcomas. Fever 
develops in a minority of  cases. L ike CNS disease, pulmonary cryptococcosis can follow an indolent course, and 
the majority of  cases probably do not come to clinical attention. In fact, many cases are discovered incidentally 
during the workup of an abnormal chest radiograph obtained for other diagnostic purposes. Pulmonary 
cryptococcosis can be associated with antecedent diseases such as malignancy, diabetes, and tuberculosis.

Skin lesions are common in patients with disseminated cryptococcosis and can be highly variable, including 
papules, plaques, purpura, vesicles, tumor-like lesions, and rashes. The spectrum of cryptococcosis in HIV-
infected patients is so varied and has changed so much since the advent of antiretroviral therapy that a distinction 
between HIV-related and HIV-unrelated cryptococcosis is no longer pertinent. In patients with A IDS and solid 
organ transplant recipients, the lesions of  cutaneous cryptococcosis of ten resemble those of  molluscum 
contagiosum (Fig. 202-2; Chap. 183).

Figure 202-2

Disseminated fungal infection. A  l iver transplant recipient developed six cutaneous lesions similar to the one 
shown. Biopsy and serum antigen testing demonstrated Cryptococcus. Important features of  the lesion include 
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Diagnosis

A  diagnosis of cryptococcosis requires the demonstration of yeast cells in normally sterile tissues. V isualization 
of the capsule of fungal cells in cerebrospinal fluid (CSF) mixed with india ink is a useful rapid diagnostic 
technique. Cryptococcal cel ls in india ink have a distinctive appearance because their capsules exclude ink 
particles. However, the CSF india ink examination may yield negative results in patients with a low fungal 
burden. This examination should be performed by a trained individual , since leukocytes and fat globules can 
sometimes be mistaken for fungal cells. Cultures of CSF and blood that are positive for cryptococcal cells are 
diagnostic for cryptococcosis. In cryptococcal  meningitis, CSF examination usually reveals evidence of chronic 
meningitis with mononuclear cel l pleocytosis and increased protein levels. A  particularly useful test is 
cryptococcal antigen (CRA g) detection in CSF and blood. The assay is based on serologic detection of 
cryptococcal polysaccharide and is both sensitive and specif ic. A posi tive cryptococcal antigen test provides 
strong presumptive evidence for cryptococcosis; however, because the result is often negative in pulmonary 
cryptococcosis, the test is less useful in the diagnosis of  pulmonary disease.

Treatment: Cryptococcosis

Both the site of  infection and the immune status of the host must be considered in the selection of  therapy for 
cryptococcosis. The disease has two general  patterns of  manifestation: (1) pulmonary cryptococcosis, with no 
evidence of extrapulmonary dissemination; and (2) extrapulmonary (systemic) cryptococcosis, wi th or wi thout 
meningoencephalitis. Pulmonary cryptococcosis in an immunocompetent host sometimes resolves without 
therapy. However, given the propensity of  Cryptococcus species to disseminate from the lung, the inabi l ity to 
gauge the host's immune status precisely, and the avai labil ity of  low-toxici ty therapy in the form of fluconazole, 
the current recommendation is for pulmonary cryptococcosis in an immunocompetent individual to be treated 
with f luconazole (200–400 mg/d for 3–6 months). Extrapulmonary cryptococcosis without CNS involvement in 
an immunocompetent host can be treated wi th the same regimen, although amphotericin B (AmB; 0.5–1 mg/kg 
daily for 4–6 weeks) may be required for more severe cases. In general, extrapulmonary cryptococcosis without 
CNS involvement requires less intensive therapy— with the caveat that morbidity and death in cryptococcosis are 
associated with meningeal involvement. Thus the decision to categorize cryptococcosis as "extrapulmonary 
without CNS involvement" should be made only af ter careful  evaluation of the CSF reveals no evidence of 
cryptococcal infection. For CNS involvement in a host without A IDS or obvious immune impairment, most 
authorities recommend initial  therapy with AmB (0.5–1 mg/kg daily) during an induction phase, which is 
fol lowed by prolonged therapy with fluconazole (400 mg/d) during a consol idation phase. For cryptococcal 
meningoencephalitis without a concomitant immunosuppressive condi tion, the recommended regimen is AmB 
(0.5–1 mg/kg) plus flucytosine (100 mg/kg) dai ly for 6–10 weeks. A lternatively, patients can be treated with 
AmB (0.5–1 mg/kg) plus f lucytosine (100 mg/kg) daily for 2 weeks and then with f luconazole (400 mg/d) for at 
least 10 weeks. Patients wi th immunosuppression are treated with the same initial regimens except that 
consol idation therapy wi th fluconazole is given for a prolonged period to prevent relapse.

Cryptococcosis in patients with HIV infection always requires aggressive therapy and is considered incurable 
unless immune function improves. Consequently, therapy for cryptococcosis in the setting of  AIDS has two 
phases: induction therapy (intended to reduce the fungal burden and alleviate symptoms) and l ifelong 
maintenance therapy (to prevent a symptomatic clinical relapse). Pulmonary and extrapulmonary cryptococcosis 
without evidence of CNS involvement can be treated with f luconazole (200–400 mg/d). In patients who have 
more extensive disease, f lucytosine (100 mg/kg per day) may be added to the f luconazole regimen for 10 weeks, 
with lifelong fluconazole maintenance therapy thereafter. For HIV-infected patients with evidence of CNS 
involvement, most authorities recommend induction therapy with AmB. An acceptable regimen is AmB (0.7–1  
mg/kg) plus f lucytosine (100 mg/kg) daily for 2 weeks followed by fluconazole (400 mg/d) for at least 10 weeks 
and then by lifelong maintenance therapy with f luconazole (200 mg/d). Fluconazole (400–800 mg/d) plus 
flucytosine (100 mg/kg per day) for 6–10 weeks fol lowed by f luconazole (200 mg/d) as maintenance therapy can 
be used as an alternative. Newer triazoles l ike voriconazole are highly active against cryptococcal  strains, but 
clinical experience with these agents in the treatment of cryptococcosis is limited. L ipid formulations of AmB 
can be substituted for AmB deoxycholate in patients with renal impairment. Neither caspofungin nor micafungin 

a benign-appearing fleshy papule wi th central umbilication resembling mol luscum contagiosum. (Photo 
courtesy of Dr . Lindsey Baden; with permission.)
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is effective against Cryptococcus species; consequently, neither drug has a role in the treatment of  
cryptococcosis. Cryptococcal  meningoencephalitis is of ten associated with increased intracranial  pressure, which 
is believed to be responsible for damage to the brain and cranial nerves. Appropriate management of  CNS 
cryptococcosis requires careful attention to the management of  intracranial pressure, including the reduction of  
pressure by repeated therapeutic lumbar puncture and the placement of  shunts.

In HIV-infected patients wi th previously treated cryptococcosis who are receiving fluconazole maintenance 
therapy, it may be possible to discontinue antifungal drug treatment if antiretrovi ral therapy results in 
immunologic improvement. However, certain recipients of maintenance therapy who have a history of  
successful ly treated cryptococcosis can develop a troublesome immune reconstitution syndrome when 
anti retroviral therapy produces a rebound in immunologic function.
Prognosis and Compl ications

Even with antifungal  therapy, cryptococcosis is associated with high rates of morbidity and death. For the 
majori ty of patients with cryptococcosis, the most important prognostic factor is the extent and the duration of 
the underlying immunologic def icits that predisposed them to develop the disease. Therefore, cryptococcosis is 
often curable with antifungal therapy in individuals wi th no apparent immunologic dysfunction, but, in patients 
with severe immunosuppression (e.g., those wi th A IDS), the best that can be hoped for is that antifungal therapy 
will induce remission, which can then be maintained with lifelong suppressive therapy. Before the advent of 
anti retroviral therapy, the median overall  survival period for A IDS patients with cryptococcosis was <1 year. 
Cryptococcosis in patients with underlying neoplastic disease has a particularly poor prognosis. For CNS 
cryptococcosis, poor prognostic markers are a posi tive CSF assay for yeast cells by initial india ink examination 
(evidence of a heavy fungal burden), high CSF pressure, low CSF glucose levels, low CSF pleocytosis (<2/ L ), 
recovery of yeast cells f rom extraneural  sites, absence of  antibody to capsular polysaccharide, a CSF or serum 
cryptococcal antigen level of  1:32, and concomitant glucocorticoid therapy or hematologicmalignancy. A  
response to treatment does not guarantee cure since relapse of  cryptococcosis is common even among patients 
with relatively intact immune systems. Complications of CNS cryptococcosis include cranial nerve deficits, 
vision loss, and cognitive impairment.

Prevention

No vaccine is available for cryptococcosis. In patients at high risk (e.g., those with advanced HIV  infection and 
CD4+ T lymphocyte counts of <200/ L), primary prophylaxis with f luconazole (200 mg/d) is effective in 
reducing the prevalence of  disease. Since antiretroviral therapy raises the CD4+ T lymphocyte count, it 
constitutes an immunologic form of prophylaxis. However, cryptococcosis in the setting of immune 
reconstitution has been reported in patients with HIV infection and recipients of  solid organ transplants.
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Candidiasis: Introduction

The genus Candida encompasses more than 150 species, only a few of which cause disease in humans. With rare 
exceptions, the human pathogens are C. albicans, C. guil l iermondi i, C. krusei , C. parapsilosis, C. tropicalis, C. 
kefyr, C. lusi taniae, C. dubliniensis, and C. glabrata. Ubiquitous in nature, these organisms are found on 
inanimate objects, in foods, and on animals and are normal commensals of  humans. They inhabit the 
gastrointestinal tract (including the mouth and oropharynx), the female geni tal  tract, and the skin. A lthough cases 
of candidiasis have been described since antiquity in debil i tated patients, the advent of  Candida species as 
common human pathogens dates to the introduction of  modern therapeutic approaches that suppress normal host 
defense mechanisms. Of  these relatively recent advances, the most important is the use of  antibacterial agents 
that alter the normal human microbial f lora and allow nonbacterial species to become more prevalent in the 
commensal f lora. With the introduction of antifungal agents, the causes of Candida infections shi fted f rom an 
almost complete dominance of  C. albicans to the common involvement of  C. glabrata and the other species 
l isted above. The non-albicans species now account for approximately half  of all cases of  candidemia and 
hematogenously disseminated candidiasis. Recognition of  this change is clinical ly important, since the various 
species dif fer in susceptibi l i ty to the newer anti fungal agents. In developed countries, where medical therapeutics 
are commonly used, Candida species are now among the most common nosocomial pathogens. In the United 
States, these species are the fourth most common isolates from the blood of  hospital ized patients.

Candida is a small, thin-walled, ovoid yeast that measures 4–6  m in diameter and reproduces by budding. 
Organisms of  this genus occur in three forms in tissue: blastospores, pseudohyphae, and hyphae. Candida grow s 
readi ly on simple medium; lysis centrifugation enhances its recovery from blood. Species are identif ied by 
biochemical  testing (currently with automated devices) or on special agar.

Pathogenesis

In the most serious form of Candida infection, the organisms disseminate hematogenously and form 
microabscesses and small  macroabscesses in major organs. A lthough the exact mechanism is not known, 
Candida probably enters the bloodstream from mucosal surfaces after growing to large numbers as a 
consequence of  bacterial  suppression by antibacterial  drugs; alternatively, in some instances, the organism may 
enter from the skin. A  change from the blastospore stage to the pseudohyphal and hyphal stages is generally 
considered integral  to the organism's penetration into tissue. However, C. glabrata can cause extensive infection 
even though it does not transform into pseudohyphae or hyphae. Numerous reviews of  cases of hematogenously 
disseminated candidiasis have identif ied the following predisposing factors or conditions: antibacterial agents, 
indwell ing intravascular catheters, hyperalimentation f luids, indwelling urinary catheters, parenteral 
glucocorticoids, respirators, neutropenia, abdominal and thoracic surgery, cytotoxic chemotherapy, and 
immunosuppressive agents for organ transplantation. Patients with severe burns, low-birth-weight neonates, and 
persons using i l l icit IV  drugs are also susceptible. HIV-infected patients with low CD4+ T cell counts and 
patients wi th diabetes are susceptible to mucocutaneous infection, which may eventually develop into the 
disseminated form when other predisposing factors are encountered. Women who receive antibacterial agents 
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may develop vaginal candidiasis.

Innate immunity is the most important defense mechanism against hematogenously disseminated candidiasis, 
and the neutrophi l is the most important component of  this defense. A lthough many immunocompetent 
individuals have antibodies to Candida, the role of  these antibodies in defense against the organism is not clear.

Clinical Manifestations

M ucocutaneous Candidiasis

Thrush is characterized by white, adherent, painless, discrete or conf luent patches in the mouth, tongue, or 
esophagus, occasional ly with f issuring at the corners of  the mouth. This form of Candida disease may also occur 
at points of  contact wi th dentures. Organisms are identif iable in gram-stained scrapings f rom lesions. The 
occurrence of thrush in a young, otherwise healthy-appearing person should prompt an investigation for 
underlying HIV  infection. More commonly, thrush is seen as a nonspecif ic mani festation of severe debilitating 
il lness. Vulvovaginal  candidiasis is accompanied by pruritus, pain, and vaginal discharge that is usual ly thin but 
may contain whitish "curds" in severe cases.

Other Candida skin infections include paronychia, a painful swelling at the nail-skin interface; onychomycosis, 
a fungal  nail  infection rarely caused by this genus; intertr igo, an erythematous irri tation wi th redness and 
pustules in the skin folds; balanitis, an erythematous-pustular infection of the glans penis; erosio interdigital is 
blastomycetica, an infection between the digits of the hands or toes; folliculitis, wi th pustules developing most 
frequently in the area of the beard; perianal candidiasis, a pruritic, erythematous, pustular infection surrounding 
the anus; and diaper  rash, a common erythematous-pustular perineal infection in infants. Gener al ized 
disseminated cutaneous candidiasis, another form of infection that occurs primarily in infants, is characterized 
by widespread eruptions over the trunk, thorax, and extremities. The diagnostic macronodular lesions of 
hematogenously disseminated candidiasis (Fig. 203-1) indicate a high probabili ty of dissemination to multiple 
organs as well as the skin. While the lesions are seen predominantly in immunocompromised patients treated 
with cytotoxic drugs, they may also develop in patients without neutropenia.

Figure 203-1
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Chronic mucocutaneous candidiasis is a heterogeneous infection of  the hair, nails, skin, and mucous membranes 
that persists despite intermittent therapy. The onset of disease usually comes in infancy or within the first two 
decades of  l i fe but in rare cases can come in later l i fe. The condition may be mild and limited to a specific area 
of the skin or nails, or it may take a severely disfiguring form (Candida granuloma) characterized by exophytic 
outgrowths on the skin. The condition is usually associated with specif ic immunologic dysfunction; most 
frequently reported is a failure of T lymphocytes to proliferate or to stimulate cytokines in response to 
stimulation by Candida antigens in vitro. Approximately half  of patients have associated endocrine 
abnormalities that together are designated the autoimmune polyendocrinopathy–candidiasis–ectodermal 
dystrophy (APECED) syndrome. This syndrome is due to mutations in the autoimmune regulator (AIRE)  gene 
and is most prevalent among Finns, I ranian Jews, Sardinians, northern I tal ians, and Swedes. Conditions that 
usual ly fol low the onset of  the disease include hypoparathyroidism, adrenal insufficiency, autoimmune 
thyroiditis, Graves' disease, chronic active hepati tis, alopecia, juveni le-onset pernicious anemia, malabsorption, 
and primary hypogonadism. In addition, dental enamel dysplasia, viti l igo, pitted nai l dystrophy, and calcif ication 
of the tympanic membranes may occur. Patients with chronic mucocutaneous candidiasis rarely develop 
hematogenously disseminated candidiasis, probably because thei r neutrophil function remains intact.

Deeply Invasive Candidiasis

Deeply invasive Candida infections may or may not be due to hematogenous seeding. Deep esophageal  infection 
may result f rom penetration by organisms from superf icial esophageal erosions; joint or deep wound infection 
from contiguous spread of organisms from the skin; kidney infection from catheter-initiated spread of organisms 
through the urinary tract; infection of intraabdominal organs and the peritoneum from perforation of the 
gastrointestinal tract; and gallbladder infection from retrograde migration of organisms from the gastrointestinal 
tract into the bil iary drainage system.

However, far more commonly, deeply invasive candidiasis is a result of  hematogenous seeding of  various organs 
as a complication of candidemia. Once the organism gains access to the intravascular compartment (either f rom 
the gastrointestinal tract or, less of ten, f rom the skin through the site of an indwell ing intravascular catheter), it 
may spread hematogenously to a variety of  deep organs. The brain, chorioretina (Fig. 203-2), heart, and kidneys 
are most commonly infected and the l iver and spleen less commonly so (most of ten in neutropenic patients). In 
fact, nearly any organ can become involved, including the endocrine glands, pancreas, heart valves (native or 
prosthetic), skeletal muscle, joints (native or prosthetic), bone, and meninges. Candida organisms may also 
spread hematogenously to the skin and cause classic macronodular lesions (Fig. 203-1). Frequently, painful 
muscular involvement is also evident beneath the area of  af fected skin. Chorioretinal involvement and skin 
involvement are highly signif icant, since both f indings are associated wi th a very high probabili ty of abscess 
formation in multiple deep organs as a result of  generalized hematogenous seeding. Ocular involvement (Fig. 
203-2) may require speci fic treatment (e.g., partial  vitrectomy or intraocular injection of antifungal agents) to 
prevent permanent bl indness. An ocular examination is indicated for all patients with candidemia, whether or not 
they have ocular manifestations.

M acronodular skin lesions associated with hematogenously disseminated candidiasis.  Candida organisms 
are usually but not always visible on histopathologic examination. The fungi grow when a portion of the 
biopsied specimen is cul tured. Therefore, for optimal identif ication, both histopathology and cul ture should be 
performed. (Image courtesy of Dr. Noah Craft and the Victor Newcomer collection at UCLA, archived by 
Logical Images, Inc.;  with permission.)

Figure 203-2
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Diagnosis

The diagnosis of  Candida infection is established by visual ization of  pseudohyphae or hyphae on wet mount 
(saline and 10% KOH), tissue Gram's stain, periodic acid–Schif f stain, or methenamine silver stain in the 
presence of inf lammation. Absence of organisms on hematoxylin-eosin staining does not reliably exclude 
Candida infection. The most challenging aspect of diagnosis is determining which patients wi th Candida i solates 
have hematogenously disseminated candidiasis. For instance, recovery of  Candida f rom sputum, urine, or 
peritoneal  catheters may indicate mere colonization rather than deep-seated infection, and Candida isolation 
from the blood of patients wi th indwel ling intravascular catheters may ref lect inconsequential  seeding of the 
blood f rom or growth of the organisms on the catheter. Despite extensive research into both antigen and antibody 
detection systems, there is currently no widely available and validated diagnostic test to distinguish patients with 
inconsequential seeding of  the blood from those whose positive blood cultures represent hematogenous 
dissemination to mul tiple organs. M any studies are under way to establish the uti l i ty of  the -glucan test; at 
present, its greatest uti l ity is i ts negative predictive value ( 90%). M eanwhile, the presence of ocular or 
macronodular skin lesions is highly suggestive of widespread infection of multiple deep organs.

Treatment: Candida Infections

M ucocutaneous Candida Infection

The treatment of  mucocutaneous candidiasis is summarized in Table 203-1.

H ematogenous Candida endophthalmitis. A classic off-whi te lesion projecting from the chorioretina into the 
vi treous causes the surrounding haze. The lesion is composed primari ly of inflammatory cells rather than 
organisms. Lesions of  this type may progress to cause extensive vitreal inf lammation and eventual  loss of  the 
eye. Partial vi trectomy, combined with IV  and possibly intravitreal antifungal therapy, may be helpful in 
controlling the lesions. (Image courtesy of Dr. Gary Hol land; with permission.)

Table 203-1 Treatment of  M ucocutaneous Candidal Infections

D isease Preferred Treatment Alternatives
Cutaneous Topical azole Topical  nystatin
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Candidemia and Suspected Hematogenously Disseminated Candidiasis

A ll patients with candidemia are now treated with a systemic antifungal agent. A  certain percentage of  patients, 
including many of those who have candidemia associated with an indwelling intravascular catheter, probably 
have "benign" candidemia rather than deep-organ seeding. However, because there is no rel iable way to 
distinguish benign candidemia from deep-organ infection, and because anti fungal drugs less toxic than 
amphotericin B are available, it has become the standard of  practice to treat all patients with candidemia, 
whether or not there is clinical evidence of  deep-organ involvement. In addition, if an indwel ling intravascular 
catheter may be involved, it is best to remove or replace the device whenever possible.

The drugs used for the treatment of candidemia and suspected disseminated candidiasis are l isted in Table 203-2 . 
Various lipid formulations of  amphotericin B, three echinocandins, and the azoles f luconazole and voriconazole 
are used; no agent wi thin a given class has been clearly identif ied as superior to the others. M ost institutions 
choose an agent from each class on the basis of  thei r own specif ic microbial epidemiology, strategies to 
minimize toxicities, and cost considerations. Unless azole resistance is considered l ikely, fluconazole is the agent 
of choice for the treatment of  candidemia and suspected disseminated candidiasis in nonneutropenic, 
hemodynamical ly stable patients. Initial treatment in the context of l ikely azole resistance depends, as mentioned 
above, on the epidemiology of  the individual hospital. For example, certain hospi tals have a high rate of  
recovery of C. glabrata, while others do not. At institutions where non-albicans Candida spp. are frequently 
recovered, therapy with an echinocandin is typically started while the results of  sensi tivity testing are awai ted. 
For hemodynamically unstable or neutropenic patients, initial treatment with broader-spectrum agents is 
desi rable; these drugs include polyenes, echinocandins, or later-generation azoles such as voriconazole. Once the 
cl inical response has been assessed and the pathogen specif ical ly identif ied, the regimen can be altered 
accordingly. A t present, the vast majority of  C. albicans isolates are sensi tive to f luconazole. Isolates of  C .  
glabrata and C. krusei  are less sensitive to f luconazole and more sensitive to polyenes and echinocandins. C .  
parapsi losis is less sensitive to echinocandins in vitro, although the cl inical significance of this f inding is not 
known.

Vulvovaginal Oral  fluconazole (150 mg) or azole cream or suppository Nystatin suppository
Thrush Clotrimazole troches Nystatin
Esophageal Fluconazole tablets (100–200 mg/d) or i traconazole 

solution (200 mg/d)
Caspofungin, micafungin, or 
amphotericin B

Table 203-2 Agents for the Treatment of  Disseminated Candidiasis

Agent Route of 
Administration

D osea Comment

Amphotericin B 
deoxycholate

IV only 0.5–1.0 
mg/kg 
dai ly

Being replaced by lipid formulations

Amphotericin B l ipid 
formulations

Not FDA  approved as primary therapy, but used 
commonly because less toxic than amphotericin B 
deoxycholate

  L iposomal 
(AmBiSome, Abelcet)

IV only 3.0–5.0 
mg/kg 
dai ly

  L ipid complex 
(ABLC)

IV only 3.0–5.0 
mg/kg 
dai ly

  Colloidal dispersion IV only 3.0–5.0 Associated with frequent infusion reactions
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Some generalizations about the management of  specif ic Candida infections are possible. Recovery of  Candida
from sputum is almost never indicative of underlying pulmonary candidiasis and does not by itself  warrant 
anti fungal treatment. Similarly, Candida in the urine of a patient wi th an indwelling bladder catheter may 
represent colonization only rather than bladder or kidney infection; however, the threshold for systemic 
treatment is lower in severely il l patients in this category since it is not possible to distinguish colonization from 
lower or upper urinary tract infection. I f  the isolate is C. albicans, most cl inicians use oral f luconazole rather 
than a bladder washout wi th amphotericin, which was more commonly used in the past. Caspofungin has been 
used with success; although they are poorly excreted into the urine, echinocandins may be an option, especially 
for non-albicans isolates. The doses and duration are the same as for disseminated candidiasis. The signif icance 
of the recovery of  Candida f rom abdominal drains in postoperative patients is also unclear, but again the 
threshold for treatment is general ly low because most of the af fected patients have been subjected to factors 
predisposing to disseminated candidiasis.

Removal  of the infected valve and long-term antifungal therapy constitute appropriate treatment for 
Candidaendocardi tis. A lthough def initive studies are not available, patients usually are treated for weeks with a 
systemic anti fungal agent (Table 203-2) and then given chronic suppressive therapy for months or years (and 
sometimes indefini tely) with an oral azole (usual ly f luconazole at 400–800 mg/d).

Hematogenous Candida endophthalmitis is a special  problem requiring ophthalmologic consultation. In lesions 
that are expanding or that threaten the macula, an IV  polyene combined with flucytosine (25 mg/kg four times 
daily) has been the regimen of  choice. However, as more data on the azoles and echinocandins become available, 
new strategies involving these agents are developing. Of paramount importance is the decision to perform a 
partial vitrectomy. This procedure debulks the infection and can preserve sight, which may otherwise be lost as a 
result of  vitreal scarring. A ll patients with candidemia should undergo ophthalmologic examination because of 
the relatively high frequency of this ocular compl ication. Not only can this examination detect a developing eye 
lesion early in its course; in addition, identif ication of a lesion signif ies a probabi lity of ~90% of deep-organ 
abscesses and may prompt prolongation of  therapy for candidemia beyond the recommended 2 weeks af ter the 
last positive blood culture.

A lthough the basis for the consensus is a very small data set, the recommended treatment for Candidameningitis 
is a polyene (Table 203-2) plus f lucytosine (25 mg/kg four times daily). Successful treatment of Candida-
infected prosthetic material (e.g., an artif icial  joint) nearly always requires removal of the infected material 
fol lowed by long-term administration of an antifungal agent selected on the basis of the isolate's sensitivi ty and 

(ABCD) mg/kg 
dai ly

A zoles
  Fluconazole IV and oral 400 mg/d M ost commonly used
  Voriconazole IV and oral 400 mg/d Multiple drug interactions

Approved for candidemia in nonneutropenic patients
Echinocandins Broad spectrum against Candida species; approved 

for disseminated candidiasis 
  Caspofungin IV only 50 mg/d
  Anidulafungin IV only 100 mg/d
  Micafungin IV only 100 mg/d

aSee Pappas et al . (2009) for loading doses and adjustments in renal  fai lure. The recommended duration of 
therapy is 2 weeks beyond the last posi tive blood cultures and resolution of  signs and symptoms of infection.

N ote: A lthough ketoconazole is approved for the treatment of disseminated candidiasis, i t has been replaced by 
the newer agents l isted in this table. Posaconazole has been approved for prophylaxis in neutropenic patients and 
for oropharyngeal candidiasis. FDA, U.S. Food and Drug Administration.
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the logistics of administration.

Prophylaxis

The use of antifungal agents to prevent Candida infections has been controversial , but some general principles 
have emerged. M ost centers administer prophylactic fluconazole (400 mg/d) to recipients of allogeneic stem cel l 
transplants. High-risk l iver transplant recipients are also given f luconazole prophylaxis in most centers. The use 
of prophylaxis for neutropenic patients has varied considerably f rom center to center; most centers that elect to 
give prophylaxis to this population use either fluconazole (200–400 mg/d) or a lipid formulation of amphotericin 
B (AmBiSome, 1–2 mg/d). Caspofungin (50 mg/d) has also been recommended. Some centers have used 
itraconazole suspension (200 mg/d). Posaconazole (200 mg three times dai ly) has also been approved by the 
FDA for prophylaxis in neutropenic patients.

Prophylaxis is sometimes given to surgical  patients at very high risk. The widespread use of prophylaxis for 
nearly all  patients in general surgical or medical intensive care units is not— and should not be— a common 
practice for three reasons: (1) the incidence of disseminated candidiasis is relatively low, (2) the cost-benef i t 
ratio is suboptimal, and (3) increased resistance with widespread prophylaxis is a valid concern.

Prophylaxis for oropharyngeal or esophageal candidiasis in HIV-infected patients is not recommended unless 
there are f requent recurrences.
Further Readings

A naissie EJ et al  (eds): Clinical  Mycology, 2nd ed. Elsevier Churchil l L ivingstone, Phi ladelphia, 2009 

Edwards JE Jr: Candidiasis, in Principles and Practice of Infectious Diseases, 7th ed, GL  M andell et al (eds). 
Philadelphia, Elsevier Churchil l L ivingstone, 2010, pp 3225–3240 

Hassan I et al: Excess mortality, length of stay and cost attributable to candidaemia. J Infect 59:360, 2009 
[PMID: 19744519] 

Kauffman CA: Clinical  efficacy of new antifungal agents. Curr Opin Microbiol 9:1, 2006 

Magi ll SS: The epidemiology of Candida colonization and invasive candidiasis in a surgical  intensive care unit 
where f luconazole prophylaxis is utilized: Follow-up to a randomized clinical  trial. Ann Surg 249:657, 2009 
[PMID: 19300221] 

Maschmeyer G: The changing epidemiology of invasive fungal infections: New threats. Int J Antimicrob Agents 
27:3, 2006 [PMID: 16707250] 

Moudgal V, Sobel  JL: Antifungals to treat Candida albicans. Expert Opin Pharmacother 11:2037, 2010 [PM ID: 
20536294] 

Ostrosky-Zeichner L et al: Multicenter clinical evaluation of the (1 3) beta-D -glucan assay as an aid to 
diagnosis of fungal infections in humans. Clin Infect Dis 41:654, 2005 [PMID: 16080087] 

Pappas PG et al: Clinical  practice guidel ines for the management of  candidiasis: 2009 update by the Infectious 
Diseases Society of America. Clin Infect Dis 48:503, 2009 [PM ID: 19191635] 

Ruhnke M: Epidemiology of Candida albicans infections and role of non-Candida-albicans yeasts. Curr Drug 
Targets 7:495, 2006 [PM ID: 16611037] 

Sobel JD et al: Caspofungin in the treatment of  symptomatic candiduria. Clin Infect Dis 44:e46, 2007 

———:  Candida urinary tract infections— epidemiology. Cl in Infect Dis 52(Suppl 6);S433, 2011 [additional  
relevant articles appear in this issue]  

Page 28 of  50Table 199-1 Recommendations for the Treatment of Histoplasmosis

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hh55F6.htm



Copyright ©  The McGraw-Hill Companies. A ll  rights reserved.

Note: Large images and tables on this page may necessitate printing in landscape mode.

Copyright ©  The M cGraw-Hill Companies.  All r ights reserved.

Harrison's Online > Chapter 204. Aspergi llosis >

Aspergillosis: Introduction

A spergil losis is the col lective term used to describe al l disease entities caused by any one of ~35 pathogenic and 
allergenic species of  A spergil lus. Only those species that grow at 37°C can cause invasive infection, although 
some species wi thout this capabil i ty can cause allergic syndromes. A . fumigatus is responsible for most cases of  
invasive aspergil losis, almost all cases of  chronic aspergil losis, and most al lergic syndromes. A . f lavus is more 
prevalent in some hospitals and causes a higher proportion of cases of  sinus and cutaneous infections and 
keratitis than A . fumigatus. A . niger can cause invasive infection but more commonly colonizes the respiratory 
tract and causes external otitis. A . terreus causes only invasive disease, usually with a poor prognosis. A . 
nidulans occasionally causes invasive infection, primarily in patients with chronic granulomatous disease.

Epidemiology and Ecology

Aspergillus has a worldwide distribution, most commonly growing in decomposing plant materials (i.e., 
compost) and in bedding. This hyaline (nonpigmented), septate, branching mold produces vast numbers of  
conidia (spores) on stalks above the surface of mycelial growth. Aspergil l i are found in indoor and outdoor air, 
on surfaces, and in water f rom surface reservoirs. Daily exposures vary from a few to many mil l ions of conidia; 
the latter high numbers of conidia are encountered in hay barns and other very dusty environments. The required 
size of  the infecting inoculum is uncertain; however, only intense exposures (e.g., during construction work, 
handling of moldy bark or hay, or composting) are suf f icient to cause disease in healthy immunocompetent 
individuals. A llergic syndromes may be exacerbated by continuous antigenic exposure arising from sinus or 
airway colonization or from nail infection. High-eff iciency particulate air (HEPA) f iltration is often protective 
against infection; thus HEPA f ilters should be installed and monitored for eff iciency in operating rooms and in 
hospital environments that house high-risk patients.

The incubation period of  invasive aspergil losis af ter exposure is highly variable, extending in documented cases 
from 2 to 90 days. Thus community-acquired acquisition of an infecting strain frequently manifests as invasive 
infection during hospitalization, al though nosocomial  acquisition is also common. Outbreaks usually are directly 
related to a contaminated air source in the hospi tal .

Risk Factors and Pathogenesis

The primary risk factors for invasive aspergil losis are profound neutropenia and glucocorticoid use; risk 
increases with longer duration of  these conditions. Higher doses of  glucocorticoids increase the risk of  both 
acquisition of invasive aspergillosis and death from the infection. Neutrophi l and/or phagocyte dysfunction is 
also an important risk factor, as evidenced by aspergi l losis in chronic granulomatous disease, advanced HIV 
infection, and relapsed leukemia. An increasing incidence of  invasive aspergil losis in medical intensive care 
units suggests that, in patients who are not immunocompromised, temporary abrogation of  protective responses 
as a result of glucocorticoid use or a general  anti -inf lammatory state is a signi ficant risk factor. Many patients 
have some evidence of  prior pulmonary disease— typically, a history of pneumonia or chronic obstructive 
pulmonary disease. Glucocorticoid use does not appear to predispose to invasive A spergil lus sinusi tis but 
probably increases the risk of dissemination after pulmonary infection. Anti–tumor necrosis factor therapy also 
carries an increased risk of infection.

Patients with chronic pulmonary aspergil losis have a wide spectrum of underlying pulmonary disease, often 
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tuberculosis or sarcoidosis. Patients are immunocompetent except for some cytokine regulation defects, most of  
which are consistent with an inabi lity to mount an inflammatory immune (TH1-like) response. Glucocorticoids 
accelerate disease progression.

A llergic bronchopulmonary aspergi llosis (ABPA) is associated with polymorphisms of interleukin (IL) 4Ra, IL-
10, and SPA 2 genes (and others) and with heterozygosity of  the cystic f ibrosis transmembrane conductance 
regulator (CFTR) gene. These associations suggest a strong genetic basis for the development of  a TH2-l ike and 
"allergic" response to A. fumigatus.

CD4+CD25+ T (Treg) cells also appear to be pivotal in determining the disease phenotype. Remarkably, high-
dose glucocorticoid treatment for exacerbations of ABPA almost never leads to invasive aspergil losis.

Clinical Features and Approach to the Patient (Table 204-1)

Invasive Pulmonary Aspergillosis

Both the f requency of  invasive disease and the pace of  i ts progression increase wi th greater degrees of  
immunocompromise (Fig. 204-1). Invasive aspergil losis is arbitrarily divided into acute and subacute forms that 
have courses of 1 month and 1–3 months, respectively. M ore than 80% of cases of  invasive aspergi l losis 
involve the lungs. The most common clinical features are no symptoms at all , fever, cough (sometimes 
productive), nondescript chest discomfort, trivial  hemoptysis, and shortness of  breath. A lthough the fever of ten 
responds to glucocorticoids, the disease progresses. The keys to early diagnosis in at-risk patients are a high 
index of suspicion, screening for circulating antigen (in leukemia), and urgent CT of the thorax.

Table 204-1 Major Manifestations of Aspergil losis

T ype of Disease
Organ I nvasive (Acute and 

Subacute)
Chronic Saprophytic Allergic

Lung Angioinvasive in 
neutropenia, non-
angioinvasive, 
granulomatous

Chronic cavitary, 
chronic f ibrosing

A spergil loma 
(single), airway 
colonization

A llergic bronchopulmonary, 
severe asthma with fungal 
sensitization, extrinsic allergic 
alveoli tis

Sinus Acute invasive Chronic invasive, 
chronic 
granulomatous

Maxillary fungal 
bal l

A llergic fungal sinusitis, 
eosinophilic fungal rhinosinusitis

Brain A bscess, hemorrhagic 
infarction, meningitis

Granulomatous, 
meningitis

None None

Skin A cute disseminated, 
local ly invasive (trauma, 
burns, IV  access)

External oti tis, 
onychomycosis

None None

Heart Endocarditis (native or 
prosthetic), pericardi tis

None None None

Eye K eratitis, 
endophthalmitis

None None None described

Figure 204-1
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Invasive Sinusitis

The sinuses are involved in 5–10% of cases of  invasive aspergil losis, especially in patients with leukemia and 
recipients of hematopoietic stem cell transplants. In addition to fever, the most common features are nasal  or 
facial discomfort, blocked nose, and nasal discharge (sometimes bloody). Endoscopic examination of the nose 
reveals pale, dusky or necrotic-looking tissue in any location. CT or M RI of the sinuses is essential but does not 
distinguish invasive Aspergi llus sinusitis f rom preexisting allergic or bacterial sinusitis early in the disease 
process.

Tracheobronchitis

Occasionally, only the airways are infected by Aspergil lus. The resulting mani festations range from acute or 
chronic bronchitis to ulcerative or pseudomembranous tracheobronchitis. These entities are particularly common 
among lung transplant recipients. Obstruction with mucous plugs occurs in normal individuals, persons wi th 
ABPA, and immunocompromised patients.

Disseminated Aspergil losis

In the most severely immunocompromised patients, Aspergil lus disseminates from the lungs to multiple 
organs— most often to the brain but also to the skin, thyroid, bone, kidney, l iver, gastrointestinal tract, eye 
(endophthalmitis), and heart valve. A side from cutaneous lesions, the most common features are gradual clinical 

I nvasive aspergillosis: conditions placing patients at elevated risk of  acquisition and relatively rapid 
progression. CMV, cytomegalovirus; COPD, chronic obstructive pulmonary disease; GVHD, graft-versus-host 
disease; ICU, intensive care unit.
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deterioration over 1–3 days, with low-grade fever and features of  mild sepsis, and nonspecif ic abnormal ities in 
laboratory tests. In most cases, at least one localization becomes apparent before death occurs. Blood cultures are 
almost always negative.

Cerebral Aspergil losis

Hematogenous dissemination to the brain is a devastating complication of  invasive aspergil losis. Single or 
multiple lesions may develop. In acute disease, hemorrhagic infarction is most typical, and cerebral abscess is 
common. Rarer manifestations include meningi tis, mycotic aneurysm, and cerebral granuloma. Local spread 
from cranial sinuses also occurs. Postoperative infection occurs rarely and is exacerbated by glucocorticoids, 
which are of ten given after neurosurgery. The presentation can be either acute or subacute, with mood changes, 
focal  signs, seizures, and decl ine in mental status. Cerebral granuloma can mimic a primary or secondary tumor. 
M RI is the most useful immediate investigation; unenhanced CT of the brain is usually nonspecif ic, and contrast 
is of ten contraindicated because of poor renal function.

Endocardi tis

M ost cases of Aspergil lus endocarditis are prosthetic valve infections resulting from contamination during 
surgery. Native valve disease is reported, especially as a feature of  disseminated infection and in persons using 
illicit IV drugs. Culture-negative endocarditis with large vegetations is the most common presentation, but 
embolectomy reveals the diagnosis in a few cases.

Cutaneous A spergil losis

Dissemination of A spergil lus occasionally resul ts in cutaneous features, usually an erythematous or purplish 
nontender area that progresses to a necrotic eschar. Direct invasion of  the skin occurs in neutropenic patients at 
the site of IV  catheter insertion and in burn patients. Rapidly progressive local aspergi l losis of  the skin and 
underlying tissue may follow trauma, and wounds may become infected with Aspergillus (especially A . f lavus) 
af ter surgery.

Chronic Pulmonary Aspergillosis

The hallmark of chronic cavitary pulmonary aspergil losis (also called semi-invasive aspergil losis, chronic 
necrotizing aspergi llosis, or complex aspergi lloma) (Fig. 204-2) is one or more pulmonary cavities expanding 
over a period of months or years in association with pulmonary symptoms and systemic manifestations such as 
fatigue and weight loss. (Pulmonary aspergil losis developing over <3 months is better classif ied as subacute 
invasive aspergil losis.) Often mistaken initially for tuberculosis, almost al l cases occur in patients with prior 
pulmonary disease (e.g., tuberculosis, atypical mycobacterial infection, sarcoidosis, rheumatoid lung disease, 
pneumothorax, bullae) or lung surgery. The onset is insidious, and systemic features may be more prominent 
than pulmonary symptoms. Cavities may have a f luid level or a wel l-formed fungal bal l, but pericavitary 
inf iltrates and multiple cavi ties— with or without pleural thickening— are typical. IgG antibodies (usually 
precipitating) to Aspergil lus are almost always detectable in blood. Some patients have concurrent infections—
even without a fungal ball— with atypical mycobacteria and/or other bacterial  pathogens. I f untreated, chronic 
pulmonary aspergil losis typically progresses (sometimes relatively rapidly) to unilateral or upper-lobe f ibrosis. 
This end-stage entity is termed chronic f ibrosing pulmonary aspergil losis.

Figure 204-2
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Aspergilloma

Aspergilloma (fungal ball) occurs in up to 20% of residual  pulmonary cavities 2.5 cm in diameter. Signs and 
symptoms associated with single (simple) aspergil lomas are minor, including a cough (sometimes productive), 
hemoptysis, wheezing, and mi ld fatigue. M ore significant signs and symptoms are associated with chronic 
cavitary pulmonary aspergil losis and should be treated as such. The vast majority of  fungal balls are caused by 
A . fumigatus, but A. niger has been implicated, particularly in diabetic patients; aspergil lomas due to A . niger 
can lead to oxalosis with renal  dysfunction. The most significant complication of aspergilloma is life-threatening 
hemoptysis, which may be the presenting manifestation. Some fungal bal ls resolve spontaneously, but the cavity 
may stil l be infected.

Chronic Sinusitis

Three entities are subsumed under this broad label: sinus aspergil loma, chronic invasive sinusitis, and chronic 
granulomatous sinusitis. Sinus aspergil loma is l imi ted to the maxil lary sinus and consists of  a chronic 
saprophytic entity in which the sinus cavity is fi l led wi th a fungal bal l. This form of disease is associated with 
prior upper-jaw root canal work and chronic (bacterial) sinusitis. About 90% of CT scans show focal  
hyperattenuation related to concretions; on M RI scans, the T2-weighted signal is decreased, whereas i t i s 
increased in bacterial sinusitis. Removal of  the fungal ball is curative. No tissue invasion is demonstrable 
histologically or radiologically.

In contrast, chronic invasive sinusitis is a slowly destructive process that most commonly affects the ethmoid and 
sphenoid sinuses but can involve any sinus. Patients are usual ly but not always immunocompromised to some 
degree (e.g., as a result of  diabetes or HIV  infection). Imaging of  the cranial sinuses shows opaci fication of  one 
or more sinuses, local bone destruction, and invasion of  local structures. The di fferential diagnosis is wide, as 
numerous other fungi may cause a similar disease and sphenoid sinusi tis is of ten caused by bacteria. A part f rom 
a history of  chronic nasal discharge and blockage, loss of the sense of  smell, and persistent headache, the usual  

CT  scan image of the chest in a patient with longstanding bilateral  chronic cavitary pulmonary aspergillosis. 
He had a prior history of several bilateral pneumothoraces and required bilateral pleurodesis (1990). CT scan 
then demonstrated mul tiple bullae, and sputum cultures grew A. fumigatus. The patient had initially weakly and 
later strongly positive serum Aspergillus antibody tests (precipitins). This scan (2003) shows a mixture of 
thick- and thin-walled cavities in both lungs (each marked with C), with a probable fungal ball (black arrow)  
protruding into the large cavi ty on the -patient's right side (R ). There is also considerable pleural thickening 
bi lateral ly.

Page 33 of  50Table 199-1 Recommendations for the Treatment of Histoplasmosis

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hh55F6.htm



presenting features are related to local involvement of  critical structures. The orbital apex syndrome (blindness 
and proptosis) is characteristic. Facial swelling, cavernous sinus thrombosis, carotid artery occlusion, pitui tary 
fossa, and brain and skull  base invasion have been described.

Chronic granulomatous sinusi tis due to Aspergil lus is most commonly seen in the M iddle East and India and is 
often caused by A . flavus. I t typical ly presents late, with facial swelling and unilateral proptosis. The prominent 
granulomatous reaction histologically distinguishes this disease from chronic invasive sinusitis, in which tissue 
necrosis with a low-grade mixed-cell infiltrate is typical.

A llergic Bronchopulmonary Aspergillosis

In almost all  cases, A BPA  represents a hypersensitivity reaction to A . fumigatus; rare cases are due to other 
aspergill i and other fungi. ABPA occurs in ~1% of patients with asthma and in up to 15% of adults wi th cystic 
fibrosis; occasional  cases are reported in patients wi th nei ther of  the latter. Episodes of bronchial obstruction 
with mucous plugs leading to coughing fits, "pneumonia,"  consolidation, and breathlessness are typical . M any 
patients report coughing up thick sputum casts, usually brown or clear. Eosinophil ia commonly develops before 
systemic glucocorticoids are given. The cardinal diagnostic tests include an elevated serum level of total  IgE 
(usually >1000 IU/mL), a positive skin-prick test to A . fumigatus extract, or detection of Aspergillus-specif i c 
IgE and IgG (precipitating) antibodies. Central bronchiectasis is characteristic, but patients may present before it 
becomes apparent.

Severe Asthma with Fungal  Sensitization

Many adults with severe asthma do not ful fil l the criteria for ABPA and yet are al lergic to fungi. A lthough A. 
fumigatus is a common allergen, numerous other fungi (e.g., Cladosporium and A lternaria spp.) are implicated 
by skin-prick testing and/or specif ic IgE radioallergosorbent testing.

Allergic Sinusitis

L ike the lungs, the sinuses manifest allergic responses to A spergil lus and other fungi. The af fected patients 
present with chronic (i.e., perennial) sinusitis typically requiring multiple courses of antibiotics that are of only 
l imi ted benef it. M any of  these patients have nasal polyps, and all have congested nasal  mucosae and sinuses ful l  
of mucoid material. The histologic hallmark of allergic fungal sinusitis is local  eosinophi lia and Charcot-L eyden 
crystals (the breakdown products of  eosinophils). Removal of  abnormal  mucus and polyps, with local and 
occasionally systemic administration of glucocorticoids, usually leads to resolution. Persistent or recurrent signs 
and symptoms may require more extensive surgery (ethmoidectomy) and possibly local antifungal therapy.

Superf icial  Aspergillosis

A spergil lus can cause keratitis and otitis externa. The former may be dif f icult to diagnose early enough to save 
the patient's sight. Treatment requires local  surgical debridement as well as both systemic and topical antifungal 
therapy. Otitis externa usual ly resolves with debridement and local application of antifungal  agents.

Diagnosis

Several  techniques are required to establish the diagnosis of  any form of aspergil losis with conf idence. Patients 
with acute invasive aspergil losis have a relatively heavy load of fungus in the affected organ; thus culture, 
molecular diagnosis, antigen detection, and histopathology usually conf irm the diagnosis. However, the pace of  
progression leaves only a narrow window for making the diagnosis without losing the patient, and some invasive 
procedures are not possible because of  coagulopathy, respiratory compromise, and other factors. Currently, 
~40% of cases of invasive aspergil losis are missed clinically and are diagnosed only at autopsy. Histologic 
examination of  af fected tissue reveals either infarction, with invasion of blood vessels by many fungal hyphae, 
or acute necrosis, with l imited inf lammation and hyphae. Aspergil lus hyphae are hyaline, narrow, and septate, 
with branching at 45°; no yeast forms are present in infected tissue. Hyphae can be seen in cytology or 
microscopy preparations, which therefore provide a rapid means of  presumptive diagnosis.

Page 34 of  50Table 199-1 Recommendations for the Treatment of Histoplasmosis

1/3/2013fi le:///C:/Users/Lesea/AppData/Local/Temp/~hh55F6.htm



Culture is important in confi rming the diagnosis, given that multiple other (rarer) fungi can mimic Aspergillus 
spp. histologically. Bacterial agar is less sensitive than fungal media for cul ture. Thus, if  physicians do not 
request fungal culture, the diagnosis may be missed. Culture may be falsely positive (e.g., in patients whose 
airways are colonized by Aspergi llus) or falsely negative. Only 10–30% of patients wi th invasive aspergil losis 
have a posi tive culture at any time. M olecular diagnostic techniques are faster and much more sensitive than 
culture of  respiratory samples and blood.

The Aspergil lus antigen test relies on detection of  galactomannan release from Aspergil lus spp. during growth. 
Antigen testing in high-risk patients is best done prospectively, as positive resul ts usually precede cl inical or 
radiologic features by several days. Antigen testing may be falsely positive in patients receiving certain -
lactam/ -lactamase inhibitor antibiotic combinations. Antigen and molecular testing on bronchoalveolar lavage 
fluid and cerebrospinal f luid are useful  if performed before antifungal therapy has been given for more than a 
few days. The sensi tivity of antigen detection is reduced by antifungal prophylaxis.

Definitive confirmation of the diagnosis requires (1) a posi tive culture of a sample taken directly from an 
ordinarily sterile site (e.g., a brain abscess) or (2) posi tive results of  both histologic testing and culture of a 
sample taken from an af fected organ (e.g., sinuses or skin). M ost diagnoses of  invasive aspergil losis are inferred 
from fewer data, including the presence of  the halo sign on a high-resolution thoracic CT scan, in which a 
localized ground-glass appearance representing hemorrhagic infarction surrounds a nodule. Whi le a halo sign 
may be produced by other fungi, A spergil lus spp. are by far the most common cause. Halo signs are present for 
~7 days early in the course of  infection in neutropenic patients and are a good prognostic feature. Thick CT 
sections can give the false appearance of a halo sign, as can other technical factors. Other common radiologic 
features of invasive pulmonary aspergillosis include pleural-based infarction or cavitation.

For chronic invasive aspergil losis, Aspergi llus antibody testing is invaluable al though relatively imprecise. Titers 
fall with successful therapy. Cultures are infrequently positive. Some patients with chronic pulmonary 
aspergil losis also have elevated ti ters of  total serum IgE and Aspergi l lus-specif ic IgE.

ABPA and severe asthma wi th fungal sensitization are diagnosed serologically with elevated total and specif ic 
serum IgE levels and with skin-prick tests. Al lergic Aspergillus sinusitis is usually diagnosed histologically, 
although precipitating antibodies in blood may also be useful.

Treatment: Aspergillosis

Antifungal drugs active against Aspergil lus include voriconazole, itraconazole, posaconazole, caspofungin, 
micafungin, and amphotericin B. Initial IV administration is preferred for acute invasive aspergillosis and oral  
administration for all other disease that requires antifungal therapy. Current recommendations are shown in 
Table 204-2. Voriconazole is the preferred agent for invasive aspergil losis; caspofungin, posaconazole, and 
lipid-associated amphotericin B are second-line agents. Amphotericin B is not active against A . terreus or A . 
nidulans. An infectious disease consultation is advised for patients with invasive disease, given the complexity of  
management. I t is not clear whether combination therapy for acute invasive aspergi l losis is beneficial, but i t is 
widely used for very il l patients and for those wi th a poor prognosis. Commonly used combinations include an 
azole wi th either caspofungin or micafungin. The interactions of voriconazole and itraconazole wi th many drugs 
must be considered before these agents are prescribed. In addition, the plasma concentrations of  both drugs vary 
substantially f rom one patient to another, and many authorities recommend monitoring to ensure that drug 
concentrations are adequate but not excessive. The duration of  therapy for invasive aspergi l losis varies from ~3 
months to several years, depending on the patient's immune status and response to therapy. Relapse occurs i f the 
response is suboptimal and immune reconstitution is not complete.

Table 204-2 Treatment of Aspergillosis

I ndication Primary 
Treatment

E vidence 
L evela

Precautions Secondary 
Treatment

Comments

Invasiveb Voriconazole AI Drug interactions A mB, A s primary therapy, 
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Itraconazole is the preferred oral agent for chronic and allergic forms of aspergil losis. Voriconazole or 
posaconazole can be substituted when fai lure, emergence of  resistance, or adverse events occur. An i traconazole 
dose of 200 mg twice daily is recommended, with moni toring of drug concentrations in the blood. Chronic 
cavitary pulmonary aspergillosis probably requires life-long therapy, whereas the duration of treatment for other 
forms of  chronic and allergic aspergil losis requires case-by-case evaluation.

Resistance to one or more azoles, although uncommon, may develop during long-term treatment, and a positive 
culture during anti fungal therapy is an indication for susceptibil ity testing. Glucocorticoids should be used with 
caution in chronic cavi tary pulmonary aspergi llosis.

(especially with 
rifampin), renal 
failure (IV only)

caspofungin, 
posaconazole, 
micafungin

voriconazole carries 20% more 
responses than A mB. I f  azole 
prophylaxis fails, it is unclear 
whether a class change is 
required for therapy.

Prophylaxis Posaconazole, 
i traconazole 
solution

AI D iarrhea and 
vomiting with 
i traconazole, 
vincristine 
interaction

M icafungin, 
aerosol i zed 
AmB

Some centers moni tor plasma 
levels of  i traconazole and 
posaconazole.

ABPA Itraconazole AI Som e 
glucocorticoid 
interactions, 
including with 
inhaled 
formulations

V oriconazole, 
posaconazole

Long-term therapy is helpful in 
most patients. No evidence 
indicates whether therapy 
modifies progression to 
bronchiectasis/f ibrosis.

Single 
aspergil loma

Surgery BII Multicavity 
di sease: poor 
outcome of  
surgery; medical 
therapy preferable

I traconazole, 
voriconazole, 
intracavity 
AmB

Single large cavities with an 
aspergi l loma are best resected.

Chronic 
pulmonaryb

I traconazole, 
voriconazole

BII Poor absorption 
of  capsules with 
proton pump 
inhibitors or H2
blockers

Posaconazole, 
IV AmB, IV 
micafungin

Resistance may emerge during 
treatment, especially i f plasma 
drug levels are subtherapeutic.

aEvidence levels are those used in treatment guidelines [Walsh TJ et al: Treatment of  aspergil losis: Clinical 
practice guidelines of the Infectious Diseases Society of America (IDSA). Clin Infect Dis 46:327, 2008].

bA n infectious disease consultation is appropriate for these patients.

N ote:  The oral  dose is usual ly 200 mg bid for voriconazole and itraconazole and 400 mg bid for posaconazole. 
The IV  dose of voriconazole is 6 mg/kg twice at 12-h intervals (loading doses) followed by 4 mg/kg q12h. 
Plasma monitoring is helpful in optimizing the dosage. Caspofungin is given as a single loading dose of 70 mg 
and then at 50 mg/d; some authorities use 70 mg/d for patients weighing >80 kg, and lower doses are required 
with hepatic dysfunction. M icafungin is given as 50 mg/d for prophylaxis and as at least 150 mg/d for treatment; 
this drug is not yet approved by the U.S. Food and Drug Administration (FDA) for this indication. AmB 
deoxycholate is given at a daily dose of  1 mg/kg if  tolerated. Several strategies are available for minimizing renal 
dysfunction. Lipid-associated AmB is given at 3 mg/kg (AmBisome) or 5 mg/kg (Abelcet). Di fferent regimens 
are available for aerosol ized A mB, but none is FDA  approved. Other considerations that may al ter dose selection 
or route include age; concomitant medications; renal , hepatic, or intestinal  dysfunction; and drug tolerability. 
AmB, amphotericin B. 
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Surgical treatment is important in several  forms of aspergillosis, including maxillary fungal bal l and single 
aspergil lomas, in which surgery is curative; invasive aspergi l losis involving bone, heart valve, sinuses, and 
proximal  areas of the lung; brain abscess; keratitis; and endophthalmitis. In allergic fungal sinusi tis, removal of  
abnormal mucus and polyps, wi th local and occasionally systemic glucocorticoid treatment, usual ly leads to 
resolution. Persistent or recurrent signs and symptoms may require more extensive surgery (ethmoidectomy) and 
possibly local antifungal therapy. Surgery is problematic in chronic pulmonary aspergi llosis, usually resulting in 
serious complications. Bronchial  artery embolization is preferred for problematic hemoptysis.
Prophylaxis

In si tuations in which moderate or high risk is predicted (e.g., af ter induction therapy for acute myeloid 
leukemia), the need for anti fungal prophylaxis for superf icial  and systemic candidiasis and for invasive 
aspergil losis is generally accepted. Fluconazole is commonly used in these situations but has no activity against 
Aspergil lus spp. Itraconazole capsules are ineffective, and i traconazole solution of fers only modest ef f icacy. 
Posaconazole solution is more ef fective. Some data support the use of  IV micafungin. No prophylactic regimen 
is completely successful.

Outcome

Invasive aspergil losis is curable i f immune reconsti tution occurs, whereas allergic and chronic forms are not. The 
mortal ity rate for invasive aspergillosis is ~50% i f the infection is treated but is 100% if the diagnosis is missed. 
Cerebral aspergil losis, Aspergil lus endocarditis, and bi lateral extensive invasive pulmonary aspergil losis have 
very poor outcomes, as does invasive infection in persons with late-stage AIDS or relapsed uncontrolled 
leukemia and in recipients of allogeneic hematopoietic stem cel l transplants.
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Mucormycosis: Introduction

M ucormycosis represents a group of l ife-threatening infections caused by fungi of  the order M ucorales. Recent 
reclassi fication has abolished the class Zygomycetes and placed the order M ucorales in the subphylum 
M ucoromycotina. Therefore, infection caused by the M ucorales is most accurately referred to as mucormycosis, 
although the term zygomycosis may sti l l  be used by some sources. M ucormycosis is highly invasive and 
relentlessly progressive, resulting in higher rates of morbidity and mortality (>40%) than many other infections. 
A  high index of suspicion is critical  for diagnosis, and early initiation of therapy— often before conf irmation of 
the diagnosis— is necessary to optimize outcomes.

Etiology

Fungi of  the order M ucorales belong to six families, all of  which can cause mucormycosis. Among the 
M ucorales, Rhizopus oryzae (in the family M ucoraceae) is by far the most common cause of  infection. Less 
frequently isolated species of  the M ucoraceae family that cause a similar spectrum of infections include 
Rhizopus microsporus,  Rhizomucor  pusil lus,  Mycocladus corymbifer  (formerly Absidia corymbifera) ,  
Apophysomyces elegans, and Mucor  species (which, despite i ts name, is a rare cause of  mucormycosis). 
Increasing numbers of  cases of  mucormycosis due to infection with Cunninghamella species (family 
Cunninghamellaceae) have also been reported. Rare case reports have demonstrated the abil i ty of fungi in the 
remaining fami lies of the M ucorales to cause mucormycosis.

Pathogenesis

The M ucorales are ubiquitous environmental fungi to which humans are constantly exposed. These fungi cause 
infection primari ly in patients with diabetes or defects in phagocytic function (e.g., associated with neutropenia 
or glucocorticoid treatment). Patients with elevated levels of f ree iron, which supports fungal  growth in serum 
and tissues, are l ikewise at increased risk for mucormycosis. In iron-overloaded patients with end-stage renal  
failure, treatment wi th deferoxamine predisposes to the development of  rapidly fatal disseminated 
mucormycosis; this agent, an iron chelator for the human host, serves as a fungal siderophore, directly del ivering 
iron to the Mucorales. Furthermore, patients with diabetic ketoacidosis (DKA) are at high risk of developing 
rhinocerebral mucormycosis. The acidosis causes dissociation of i ron f rom sequestering proteins in serum, 
resulting in enhanced fungal survival and virulence. I t is l ikely that hyperglycemia during DKA also contributes 
to the risk of mucormycosis through its association wi th poorly characterized defects in phagocytic function.

Epidemiology

Mucormycosis typically occurs in patients with diabetes melli tus, solid organ or hematopoietic stem cell 
transplantation (HSCT), prolonged neutropenia, or mal ignancy. In patients undergoing HSCT, mucormycosis 
develops at least as commonly during nonneutropenic as during neutropenic periods, probably because of  
glucocorticoid treatment of graft-versus-host disease. M ucormycosis can occur as isolated cutaneous or 
subcutaneous infection in immunological ly normal individuals after traumatic implantation of soil or vegetation, 
af ter maceration of the skin by a moist surface, or in nosocomial settings via di rect access through intravenous 
catheters or subcutaneous injections.
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Patients receiving anti fungal prophylaxis wi th ei ther itraconazole or voriconazole may be at increased risk of 
mucormycosis. These patients typically present with disseminated mucormycosis, the most lethal form of 
disease. Breakthrough mucormycosis has been described repeatedly in patients receiving posaconazole or 
echinocandin prophylaxis.

Clinical Manifestations

M ucormycosis can be divided into at least six cl inical categories based on clinical presentation and the 
involvement of a particular anatomic site: rhinocerebral, pulmonary, cutaneous, gastrointestinal , disseminated, 
and miscellaneous. These categories of invasive mucormycosis tend to af fect patients with specif ic defects in 
host defense. For example, patients with DKA typical ly develop the rhinocerebral form and much more rarely 
develop pulmonary or disseminated disease. In contrast, pulmonary mucormycosis occurs most commonly in 
leukemic patients who are receiving chemotherapy and in patients undergoing HSCT.

Rhinocerebral mucormycosis continues to be the most common form of  the disease. M ost cases occur in patients 
with diabetes, although such cases (probably due to glucocorticoid use) are increasingly being described in the 
transplantation setting. The initial symptoms of rhinocerebral mucormycosis are nonspecif ic and include eye or 
facial pain and facial numbness followed by the onset of conjunctival suffusion, blurry vision, and soft tissue 
swell ing. Fever may be absent in up to half of  cases, while whi te blood cell counts are typically elevated as long 
as the patient has functioning bone marrow. If  untreated, infection usually spreads f rom the ethmoid sinus to the 
orbi t, resulting in compromise of extraocular muscle function and proptosis, typical ly with chemosis. Onset of 
signs and symptoms in the contralateral eye, with resulting bi lateral  proptosis, chemosis, vision loss, and 
ophthalmoplegia, is ominous and suggests the development of cavernous sinus thrombosis.

Upon visual  inspection, infected tissue may appear to be normal  during the earl iest stages of fungal  spread and 
then progresses through an erythematous phase, wi th or wi thout edema, before the onset of a violaceous 
appearance and f inal ly the development of a black necrotic eschar. Infection can sometimes extend from the 
sinuses into the mouth and produce painful necrotic ulcerations of the hard palate, but this is a late finding that 
suggests extensive, well -established infection.

Pulmonary mucormycosis is the second most common manifestation. Symptoms include dyspnea, cough, and 
chest pain; fever is often but not invariably present. Angioinvasion results in necrosis, cavitation, and/or 
hemoptysis. Lobar consolidation, isolated masses, nodular disease, cavities, or wedge-shaped infarcts may be 
seen on chest radiography. High-resolution chest CT is the best method for determining the extent of  pulmonary 
mucormycosis and may demonstrate evidence of infection before it is seen on the chest x-ray. In the setting of 
cancer, where mucormycosis may be dif ficult to dif ferentiate from aspergil losis, the presence of 10 pulmonary 
nodules, pleural  effusion, or concomitant sinusi tis makes mucormycosis more l ikely. It is critical to distinguish 
mucormycosis f rom aspergil losis as rapidly as possible, as treatments for these infections dif fer. Indeed, 
voriconazole— the first-l ine treatment for aspergil losis— exacerbates mucormycosis in mouse and fly models.

Cutaneous mucormycosis may result f rom external  implantation of  the fungus or conversely f rom hematogenous 
dissemination. External implantation–related infection has been described in the setting of  soil exposure f rom 
trauma (e.g., in a motor vehicle accident), penetrating injury with plant material (e.g., a thorn), injections of 
medications (e.g., insulin), catheter insertion, contaminated surgical dressings, and use of  tape to secure 
endotracheal tubes. Cutaneous disease can be highly invasive, penetrating into muscle, fascia, and even bone. In 
mucormycosis, necrotizing fasciitis carries a mortali ty rate approaching 80%. Necrotic cutaneous lesions in the 
setting of  hematogenous dissemination are also associated with an extremely high mortality rate. However, wi th 
prompt, aggressive surgical  debridement, isolated cutaneous mucormycosis has a favorable prognosis and a low 
mortal ity rate.

Gastrointestinal mucormycosis has occurred in premature neonates in association with disseminated disease and 
necrotizing enterocolitis; more rarely, it has been described in adults with neutropenia or other 
immunocompromising conditions. In addition, gastrointestinal disease has been reported as a nosocomial  process 
fol lowing administration of medications mixed with contaminated wooden applicator sticks. Nonspeci fic 
abdominal pain and distention associated with nausea and vomiting are the most common symptoms. 
Gastrointestinal bleeding is common, and fungating masses may be seen in the stomach at endoscopy. The 
disease may progress to visceral  perforation, with extremely high mortality rates.
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Hematogenously disseminated mucormycosis may originate from any primary si te of  infection. The most 
common site of dissemination is the brain, but metastatic lesions may also be found in any other organ. The 
mortal ity rate associated wi th dissemination to the brain approaches 100%. Even without central  nervous system 
(CNS) involvement, mortali ty rates for disseminated mucormycosis exceed 90%. M iscellaneous forms of 
mucormycosis may affect any body site, including bones, mediastinum, trachea, kidneys, and (in association 
with dialysis) peritoneum.

Diagnosis

A  high index of  suspicion is required for diagnosis of mucormycosis. Unfortunately, autopsy series have shown 
that up to hal f of  cases are diagnosed only post-mortem. Because the M ucorales are environmental  isolates, 
def initive diagnosis requires a positive cul ture f rom a steri le site (e.g., a needle aspirate, a tissue biopsy 
specimen, or pleural  fluid) or histopathologic evidence of invasive mucormycosis. A  probable diagnosis of 
mucormycosis can be established by culture f rom a nonsteri le site (e.g., sputum or bronchoalveolar lavage) when 
a patient has appropriate risk factors as well as clinical and radiographic evidence of  disease. However, given the 
urgency of  administering therapy early, the patient should be treated whi le conf irmation of the diagnosis is 
awaited.

Biopsy with histopathologic examination remains the most sensi tive and speci fic modality for def initive 
diagnosis (Fig. 205-1). Biopsy reveals characteristic wide ( 6- to 30- m), thick-walled, ribbon-l ike, aseptate 
hyphal elements that branch at right angles. Other fungi , including Aspergi l lus,  Fusar ium, and Scedospor ium
species, have septae, are thinner, and branch at acute angles. Because arti f icial septae may result f rom folding of 
tissue during processing (which may also alter the appearance of  the angle of  branching), the width and the 
ribbon-like form of the fungus are the most reliable features distinguishing mucormycosis. The M ucorales are 
visualized most effectively with periodic acid–Schif f  or methenamine si lver stain or, if  the organism burden is 
high, with hematoxylin and eosin. While histopathology can identi fy the Mucorales, species can be identif ied 
only by cul ture. PCR is being investigated as a diagnostic tool for mucormycosis but is not yet approved by the 
U.S. Food and Drug Administration (FDA) for this purpose and is not general ly available.

Figure 205-1
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Histopathology sections of  Rhizopus oryzae in infected brain. A. Broad, ribbon-l ike, nonseptate hyphae in the 
parenchyma (arrows) and a thrombosed blood vessel with extensive intravascular hyphae (arrowhead)  
(hematoxylin and eosin). B. Extensive, broad, ribbon-like hyphae invading the parenchyma (Gomori  
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Unfortunately, cultures are positive in fewer than hal f of  cases of mucormycosis. Nevertheless, the M ucorales 
are not fastidious organisms and tend to grow quickly (i.e., within 48 h) on cul ture media. The likely explanation 
for the low sensitivity of culture is that the Mucorales form long fi lamentous structures that are kil led by tissue 
homogenization— the standard method for preparing tissue cul tures in the clinical microbiology laboratory. Thus 
the laboratory should be advised when a diagnosis of  mucormycosis is suspected, and the tissue should be cut 
into sections and placed in the center of culture dishes rather than homogenized.

Imaging techniques of ten yield subtle findings that underestimate the extent of  disease. For example, the most 
common finding on CT or MRI of the head or sinuses of a patient with rhino-orbital mucormycosis is sinusitis 
that is indistinguishable from bacterial sinusitis. It is also common to detect no abnormalities in sinus bones 
despi te clinical evidence of  progressive disease. M RI is more sensitive (~80%) for detecting orbital and CNS 
disease than is CT. High-risk patients should always undergo endoscopy and/or surgical exploration, with biopsy 
of the areas of  suspected infection. I f  mucormycosis is suspected, initial empirical therapy with a polyene 
anti fungal agent should be ini tiated while the diagnosis is being confirmed.

Differential Diagnosis

Other mold infections, including aspergil losis, scedosporiosis, fusariosis, and infections caused by the 
dematiaceous fungi (brown-pigmented soi l organisms), can cause clinical  syndromes identical  to mucormycosis. 
Histopathologic examination usually allows distinction of the M ucorales from these other organisms, and a 
positive culture permits defini tive species identification. I t is important to distinguish the Mucorales from these 
other fungi, as the preferred antifungal treatments dif fer (i .e., polyenes for the M ucorales vs. expanded-spectrum 
triazoles for most septate molds). The entomophthoromycoses caused by Basidiobolus and Conidiobolus (fungi 
formerly grouped with the M ucorales in the class Zygomycetes) can also cause identical  clinical syndromes. 
These fungi  may appear similar to the M ucorales on histopathology and can be reliably distinguished from the 
latter only by culture.

In a patient wi th sinusitis and proptosis, orbi tal  celluli tis and cavernous sinus thrombosis caused by bacterial 
pathogens (most commonly Staphylococcus aureus, but also streptococcal and gram-negative species) must be 
excluded. Klebsiel la rhinoscleromatis is a rare cause of  an indolent facial rhinoscleroma syndrome that may 
appear similar to mucormycosis. Finally, the Tolosa-Hunt syndrome causes painful ophthalmoplegia, ptosis, 
headache, and cavernous sinus inf lammation; biopsies and clinical follow-up may be needed to distinguish the 
Tolosa-Hunt syndrome from mucormycosis by the lack of progression of the former enti ty.

Treatment: M ucormycosis

General Principles

The successful treatment of  mucormycosis requires four steps: (1) early diagnosis; (2) reversal of  underlying 
predisposing risk factors, if  possible; (3) surgical debridement; and (4) prompt antifungal therapy. Early 
diagnosis of mucormycosis is critical , since early initiation of therapy is associated with improved outcomes. It 
is also crucial  to reverse (or prevent) underlying defects in host defense during treatment (e.g., by stopping or 
reducing the dosage of immunosuppressive medications or by rapidly restoring euglycemia and normal acid-base 
status). Finally, it is advisable to avoid administration of iron to patients wi th active mucormycosis, as iron 
exacerbates infection in animal models.

Blood vessel thrombosis and resulting tissue necrosis during mucormycosis can result in poor penetration of  
anti fungal agents to the site of  infection. Therefore, debridement of necrotic tissues may be critical  for complete 
eradication of  disease. Surgery has been found (by logistic regression and in multiple case series) to be an 
independent variable for favorable outcome in patients with mucormycosis. The extent and timing of surgical 
debridement necessary to optimize outcomes of  mucormycosis have not been def ined. L imited data f rom a 
retrospective study support the use of intraoperative f rozen sections to delineate the margins of  infected tissues, 
with sparing of tissues lacking evidence of infection. A  multidisciplinary team, including an internist, an 
infectious disease specialist, and surgical  specialists relevant to the sites of  infection, is typically required for the 

methenamine silver).
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management of  mucormycosis.

Antifungal Therapy

Primary antifungal therapy for mucormycosis should be based on a polyene antibiotic (Table 205-1), except 
perhaps for mild localized infection (e.g., isolated suprafascial  cutaneous infection) in immunocompetent 
patients, which has been eradicated surgical ly. Amphotericin B (AmB) deoxycholate remains the only l icensed 
anti fungal agent for the treatment of mucormycosis. However, l ipid formulations of AmB are signi ficantly less 
nephrotoxic, can be administered at higher doses, and may be more ef f icacious than A mB deoxycholate for this 
purpose.

Table 205-1 First-L ine Anti fungal Options for the Treatment of Mucormycosisa

Drug Recommended Dosage Advantages and Suppor ting 
Studies

Disadvantages

Primary Antifungal Therapy
AmB deoxycholate  1.0–1.5 mg/kg qd  >5 decades of  cl inical experience

 Inexpensive

 Only l icensed agent for treatment 
of  mucormycosis

 Highly toxic

 Poor CNS penetration

LAmB  5–10 mg/kg qd  Less nephrotoxic than AmB 
deoxycholate

 Better CNS penetration than 
AmB deoxycholate or ABLC

 Better outcomes than with AmB 
deoxycholate in murine models 
and a retrospective clinical review

 Expensive

ABLC  5–7.5 mg/kg qd  Less nephrotoxic than AmB 
deoxycholate

 M urine and retrospective clinical  
data suggest benefi t of 
combination therapy with 
echinocandins.

 Expensive

 Possibly less 
efficacious than LAmB 
for CNS infection

Primary Combination Therapyb

Caspofungin plus L ipid 
polyene

 70-mg IV  loading 
dose, then 50 mg/d for 

2 weeks

 50 mg/m2 IV in 
children

 Favorable toxicity profile

 Synergistic in murine 
disseminated mucormycosis

 Retrospective cl inical data 
suggest superior outcomes for 
rhino-orbital-cerebral  
mucormycosis.

 Very limited cl inical 
data on combination 
therapy

M icafungin or 
anidulafungin plus 
Lipid polyene

 100 mg/d for 2 weeks

 M icafungin: 4 mg/kg 

 Favorable toxicity profile

 Synergistic with LAmB in 

 No clinical data
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The optimal  dosages for antifungal treatment of  mucormycosis are not known. Starting dosages of  1 mg/kg per 
day for AmB deoxycholate and 5–7.5 mg/kg per day for l iposomal AmB (LAmB) and amphotericin B lipid 
complex (ABLC) are commonly given to adults and children. Whether higher dosages provide any additional 
benefi t is unclear. However, dose escalation of  LAmB to 10 mg/kg per day for CNS mucormycosis may be 
considered in l ight of  the limited penetration of polyenes into the brain. ABLC dose escalation above 7.5 mg/kg 
per day is not advisable given the lack of relevant data.

Echinocandin–l ipid polyene combinations improved survival rates among mice with disseminated mucormycosis 
(including CNS disease) and were associated wi th signif icantly better outcomes than polyene monotherapy in a 
small retrospective study involving primari ly diabetic patients with rhino-orbital-cerebral  mucormycosis. 
A lthough combination therapy may be considered on the basis of  these limited data sets, defini tive clinical trials 
are needed to establish whether it of fers any real advantage over monotherapy for mucormycosis.

In contrast to deferoxamine, the i ron chelator deferasirox is fungicidal for clinical isolates of the M ucorales. In 
mice with DKA and disseminated mucormycosis, combination deferasirox-LAmB therapy resulted in synergistic 
improvement of survival  rates. Enrollment in a double-blind, randomized, placebo-control led, phase II  
safety/exploratory eff icacy study of adjunctive deferasirox therapy (20 mg/kg per day for 14 days) [the 
Deferasirox-AmBisome Therapy for Mucormycosis (DEFEAT Mucor) Study, NCT00419770] has recently been 
completed; this study is l ikely to elucidate the potential risks and benefi ts of  iron chelation therapy for 
mucormycosis.

Posaconazole is the only FDA-approved azole wi th in vitro activity against the Mucorales. However, 
pharmacokinetic/pharmacodynamic data raise concerns about the reliabil ity of  achieving adequate in vivo levels 
of orally administered posaconazole. Furthermore, posaconazole has been found to be inferior in eff icacy to 
AmB for the treatment of murine mucormycosis and is not superior to placebo for treatment of murine infection 
w ith R. oryzae. M oreover, posaconazole-polyene combination therapy is not superior to polyene monotherapy 

qd in children

 M icafungin: 10 mg/kg 
qd in low-birth-weight 
infants

 Anidulafungin: 1.5 
mg/kg qd in chi ldren

murine model of  disseminated 
mucormycosis

Deferasi rox plus L ipid 
polyene 

 20 mg/kg PO qd for 2–
4 weeks

 Highly fungicidal  against 
Mucorales in vitro

 Synergistic with LAmB in 
murine model of  disseminated 
mucormycosis

 Only available for 
enteral administration

 No cl inical data; phase 
II cl inical trial 
completed

aPrimary therapy should generally include a polyene. Non-polyene-based regimens may be appropriate for 
patients who refuse polyene therapy or for relatively immunocompetent patients wi th mild disease (e.g., isolated 
suprafascial cutaneous infection) that can be surgically eradicated.

bProspective randomized trials are necessary to conf irm the suggested benef it (f rom animal and small 
retrospective human studies) of  combination therapy for mucormycosis. Dose escalation of  any echinocandin is 
not recommended because of  a paradoxical  loss of  benefi t of  combination therapy at echinocandin doses of  3  
mg/kg qd.

Abbreviations: ABLC, AmB lipid complex; AmB, amphotericin B; CNS, central nervous system; LAmB, 
liposomal AmB.

Source: Reprinted f rom Spel lberg et al , 2009. 
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for murine mucormycosis.

The roles of recombinant cytokines and neutrophil transfusions in the primary treatment of  mucormycosis are 
not clear. L imited data indicate that hyperbaric oxygen may be useful in centers with the appropriate technical 
expertise and facil i ties.

In general, antifungal therapy for mucormycosis should be continued unti l al l of the following objectives are 
attained: (1) resolution of clinical signs and symptoms of infection; (2) resolution or stabil ization of residual 
radiographic signs of  disease on serial imaging; and (3) resolution of  underlying immunosuppression. For 
patients wi th mucormycosis who are receiving immunosuppressive medications, secondary antifungal 
prophylaxis is typically continued for as long as the immunosuppressive regimen is administered.
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Pneumocystis Infections: Introduction

Definition and Description

Pneumocysti s is an opportunistic fungal pulmonary pathogen that is an important cause of  pneumonia in the 
immunocompromised host. A lthough organisms within the Pneumocystis genus are morphologically very 
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similar, they are genetically diverse and host-specif ic. P. j irovecii infects humans, whereas P. carinii— the 
original  species described in 1909— infects rats. For clarity, only the genus designation Pneumocysti s wil l  be 
used in this chapter.

Developmental stages of  the organism include the trophic form, the cyst, and the precyst (an intermediate stage). 
The li fe cycle of Pneumocystis probably involves sexual and asexual reproduction, although defini tive proof 
awaits the development of  a rel iable culture system. Pneumocystis contains several di fferent antigen groups, the 
most prominent of  which are the 95- to 140-kDa major surface glycoprotein (MSG) and kexin (KEX1).

Epidemiology

Serologic surveys have demonstrated that Pneumocystis has a worldwide distribution and that most healthy 
children have been exposed to the organism by 3–4  years of age. A irborne transmission of  Pneumocystis has 
been documented in animal  studies; person-to-person transmission has been suggested by hospital outbreaks of  
Pneumocysti s pneumonia (PcP) and by molecular epidemiologic analysis of isolates. Data suggest that the cyst is 
the transmissible form.

Pathogenesis and Pathology

Studies over the past several  years have shown that Pneumocystis commonly colonizes patients who are 
immunosuppressed or who have chronic obstructive pulmonary disease. This colonization elicits an 
inf lammatory response and is associated wi th a decl ine in lung function.

The host factors that predispose to the development of  PcP include defects in cellular and humoral immuni ty. 
The risk of PcP among HIV-infected patients rises markedly when circulating CD4+ T cell  counts fall below 

200/ L . Other persons at risk for PcP are patients receiving immunosuppressive agents (particularly 
glucocorticoids) for cancer and organ transplantation; those receiving biologic agents such as inf l iximab and 
etanercept for rheumatoid arthritis and inflammatory bowel disease; children wi th primary immunodeficiency 
diseases; and premature malnourished infants.

The principal host ef fector cells against Pneumocysti s are alveolar macrophages, which ingest and kil l  the 
organism, releasing a variety of inflammatory mediators. Prol iferating organisms remain extracellular within the 
alveolus, attaching tightly to type I  cells. Alveolar damage results in increased alveolar-capillary permeabili ty 
and surfactant abnormalities, including a fall in phospholipids and an increase in surfactant proteins A  and D. 
The host inflammatory response to lung injury leads to increases in levels of  interleukin 8 and in neutrophil  
counts in bronchoalveolar lavage (BAL) fluid. These changes correlate with disease severi ty.

On lung sections stained with hematoxylin and eosin, the alveol i are fi l led with a typical foamy, vacuolated 
exudate. Severe disease may include intersti tial edema, fibrosis, and hyaline membrane formation. The host 
inf lammatory changes usual ly consist of  hypertrophy of alveolar type II  cells, a typical reparative response, and 
a mi ld mononuclear cell interstitial infil trate. Malnourished infants display an intense plasma cell inf iltrate that 
gave the disease its early name: intersti tial plasma cel l pneumonia.

Clinical Features

Patients with PcP develop dyspnea, fever, and nonproductive cough. HIV -infected patients are usually i l l  for 
several weeks and may have relatively subtle mani festations. Symptoms in non-HIV-infected patients are of  
shorter duration and of ten begin after the glucocorticoid dose has been tapered. A  high index of  suspicion and a 
thorough history are key factors in early detection.

Physical findings include tachypnea, tachycardia, and cyanosis, but lung auscultation reveals few abnormalities. 
Reduced arterial oxygen pressure (PaO2), increased alveolar-arterial oxygen gradient (PA O2 – PaO2), and 
respiratory alkalosis are evident. Dif fusion capacity is reduced, and heightened uptake with nonspecif ic nuclear 
imaging techniques (gall ium scan) may be noted. Elevated serum concentrations of lactate dehydrogenase, 
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ref lecting lung parenchymal  damage, and -d-glucan, a component of  the fungal cel l wall, have been 
reported; however, these elevations are not specif ic for PcP infection.

The classic f indings on chest radiography consist of bi lateral di ffuse infi ltrates beginning in the perihi lar regions 
(Fig. 207-1A ), but various atypical manifestations (nodular densities, cavitary lesions) have also been reported. 
Pneumothorax occurs, and its management is of ten diff icult. Early in the course of  PcP, the chest radiograph 
may be normal , although high-resolution CT of the lung may reveal ground-glass opacities at this stage (Fig. 
207-1B) .

While Pneumocystis usually remains conf ined to the lungs, cases of  disseminated infection have occurred in both 
HIV-infected and non-HIV-infected patients. Common sites of involvement include the lymph nodes, spleen, 
l iver, and bone marrow.

Diagnosis

Because of  the nonspecif ic nature of  the cl inical picture, the diagnosis must be based on specif ic identif ication of 
the organism. A  def ini tive diagnosis is made by histopathologic staining. Traditional cell  wall stains such as 
methenamine silver selectively stain the wall of  Pneumocystis cysts, whi le reagents such as Wright-Giemsa stain 
the nuclei of  all  developmental  stages. Immunof luorescence with monoclonal antibodies is more sensi tive and 
specif ic than histologic staining. DNA ampli fication by PCR may become part of routine diagnostics but may 
not distinguish colonization from infection.

The successful diagnosis of  PcP depends on the collection of proper specimens. In general, the yield f rom 
dif ferent diagnostic procedures is higher for HIV-infected patients than for non-HIV-infected patients because of  
the higher organism burden in the former group. Sputum induction and oral washes have gained popularity as 
simple, noninvasive techniques; however, these procedures require trained and dedicated personnel . Fiberoptic 
bronchoscopy with BAL, which provides information about the organism burden, the host inf lammatory 
response, and the presence of other opportunistic infections, continues to be the mainstay of  Pneumocysti s
diagnosis. Transbronchial biopsy and open lung biopsy, the most invasive procedures, are used only when a 
diagnosis cannot be made by BA L.

Course and Prognosis

In the typical case of untreated PcP, progressive respi ratory embarrassment leads to death. Therapy is most 
ef fective when insti tuted early, before there is extensive alveolar damage. If  examination of  induced sputum is 
nondiagnostic and BAL cannot be performed in a timely manner, empirical therapy for PcP is reasonable. 
However, this practice does not eliminate the need for a specif ic etiologic diagnosis. With improved 
management of HIV and its complications, mortality rates from PcP among HIV-infected patients are 0–15%. In 
contrast, rates of  early death remain high among patients who require mechanical venti lation (60%) and among 
non-HIV-infected patients (40%).

Treatment: Pneumocystis Infections

Figure 207-1

A. Chest radiograph depicting dif fuse inf iltrates in an HIV-infected patient with PcP. B. High-resolution CT of 
the lung showing ground-glass opacif ication in an HIV-infected patient with PcP. (Courtesy of Dr . Cr istopher 
Meyer, with permission.)
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Trimethoprim-sulfamethoxazole (TMP-SMX), which acts by inhibi ting folic acid synthesis, is considered the 
drug of choice for all forms of PcP (Table 207-1). Therapy is continued for 14 days in non-HIV-infected patients 
and for 21 days in persons infected with HIV. Since HIV-infected patients respond more slowly than non-HIV-
infected patients, it is prudent to wait at least 7 days after the initiation of  treatment before concluding that 
therapy has fai led. TM P-SMX is well tolerated by non-HIV-infected patients, whereas more than half of  HIV-
infected patients experience serious adverse reactions.

Several  alternative regimens are available for the treatment of  mild to moderate cases of  PcP (a PaO2 of  >70 
mmHg or a PAO2 – PaO2 of  <35 mmHg whi le breathing room air). TMP plus dapsone and cl indamycin plus 
primaquine are about as effective as TM P-SM X . Dapsone and primaquine should not be administered to patients 
with glucose-6-phosphate dehydrogenase (G6PD) deficiency. A tovaquone is less ef fective than TM P-SM X  but 
is better tolerated. Since Pneumocysti s lacks ergosterol, it is not susceptible to anti fungal agents that inhibit 
ergosterol  synthesis.

A lternative regimens that are recommended for the treatment of moderate to severe PcP (a PaO2 of  70  

Table 207-1 Treatment of  Pneumocystosis

Drug(s), Dose, Route Adverse Effects

First Choicea

TMP-SMX (TMP: 5 mg/kg; SMX: 25 mg/kgb)  
q6–8 h PO or IV

Fever, rash, cytopenias, hepati tis, hyperkalemia, GI  
disturbances

Other Agentsa

TMP, 5 mg/kg q6–8h; plus dapsone, 100 mg qd 
PO

Hemolysis (G6PD def iciency), methemoglobinemia, fever, 
rash, GI disturbances

A tovaquone, 750 mg bid PO Rash, fever, GI and hepatic disturbances
Clindamycin, 300–450 mg q6h PO or 600 mg 
q6–8h IV ; plus primaquine, 15–30 mg qd PO

Hemolysis (G6PD def iciency), methemoglobinemia, rash, 
coli tis, neutropenia

Pentamidine, 3–4 mg/kg qd IV Hypotension, azotemia, cardiac arrhythmias, pancreatitis, 
dysglycemias, hypocalcemia, neutropenia, hepatitis

Trimetrexate, 45 mg/m2 qd IV; plus leucovorin,c
20 mg/kg q6h PO or IV

Cytopenias, peripheral neuropathy, hepatic disturbances

Adjunctive Agent
Prednisone, 40 mg bid x  5 d, 40 mg qd x  5 d, 20 
mg qd x  11 d; PO or IV

Immunosuppression, peptic ulcer, hyperglycemia, mood 
changes, hypertension

aTherapy is administered for 14 days to non-HIV-infected patients and for 21 days to HIV-infected patients.

bEquivalent of 2 double-strength (DS) tablets. (One DS tablet contains 160 mg of TMP and 800 mg of SMX.)

cLeucovorin prevents bone marrow toxicity from trimetrexate.

Abbreviations: GI, gastrointestinal; G6PD, glucose-6-phosphate dehydrogenase; TM P-SMX, trimethoprim-
sulfamethoxazole. 
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mmHg or a PAO2 – PaO2 of  35 mmHg) are parenteral pentamidine, parenteral clindamycin plus primaquine, 
or trimetrexate plus leucovorin. Parenteral  clindamycin plus primaquine may be more eff icacious than 
pentamidine.

M olecular evidence of resistance to sulfonamides and to atovaquone has emerged among clinical Pneumocystis
isolates. Al though prior sul fonamide exposure is a risk factor, this resistance has also occurred in HIV-infected 
patients who have never received sulfonamides. The outcome of  therapy appears to be l inked more strongly to 
traditional measures— e.g., high Acute Physiology, Age, and Chronic Health Evaluation II I (APACHE III) 
scores, need for positive-pressure ventilation, delayed intubation, and development of pneumothorax— than to 
the presence of  molecular markers of sul fonamide resistance.

Early institution of antiretroviral  therapy when HIV  patients present with PcP has been associated with improved 
survival rates, but careful attention should be devoted to the possible development of  the immune reconstitution 
inflammatory syndrome. HIV-infected patients frequently experience deterioration of respiratory function 
shortly after receiving anti-Pneumocysti s drugs. The adjunctive administration of  tapering doses of 
glucocorticoids to HIV-infected patients with moderate to severe PcP can prevent this problem and improve the 
rate of survival (Table 207-1). For maximal benef it, this adjunctive therapy should be started early in the course 
of the il lness. The use of steroids as adjunctive therapy in HIV-infected patients with mild PcP or in non-HIV-
infected patients remains to be evaluated.

Prevention

Prophylaxis is indicated for HIV-infected patients with CD4+ T cell  counts of <200/ L  or a history of 
oropharyngeal candidiasis and for both HIV-infected and non-HIV-infected patients who have recovered f rom 
PcP. Prophylaxis may be discontinued in HIV-infected patients once CD4+ T cell counts have risen to >200/

L  and remained at that level for 3 months. Primary prophylaxis guidelines for immunocompromised 
hosts not infected with HIV are less clear.

TMP-SMX is the drug of choice for primary and secondary prophylaxis (Table 207-2). This agent also provides 
protection against toxoplasmosis and some bacterial infections. A l ternative regimens are avai lable for 
individuals intolerant of TMP-SMX (Table 207-2). A lthough there are no specif ic recommendations for 
preventing the spread of  Pneumocystis in health care facil i ties, i t seems prudent to prevent direct contact between 
patients wi th PcP and other susceptible hosts.

Table 207-2 Prophylaxis of Pneumocystosisa

Drug(s), Dose, Route Comments
First Choice

TMP-SM X, 1 DS tablet or 1 SS tablet qd POb TMP-SM X can be safely reintroduced for treatment of  
some patients who have had mild to moderate side 
ef fects.

Other Agents
Dapsone, 50 mg bid or 100 mg qd PO —
Dapsone, 50 mg qd PO; plus pyrimethamine, 50 mg 
weekly PO; plus leucovorin, 25 mg weekly PO

Leucovorin prevents bone marrow toxici ty from 
pyrimethamine.

Dapsone, 200 mg weekly PO; plus pyrimethamine, 
75 mg weekly PO; plus leucovorin, 25 mg weekly 
PO

Leucovorin prevents bone marrow toxici ty from 
pyrimethamine.

Pentamidine, 300 mg monthly via Respirgard I I A dverse reactions include cough and bronchospasm.
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nebulizer
A tovaquone, 1500 mg qd PO —
TMP-SMX, 1 DS tablet three times weekly PO TMP-SM X can be safely reintroduced for treatment of  

some patients who have had mild to moderate side 
ef fects.

aFor a l ist of  adverse ef fects, see Table 207-1.

bOne DS tablet contains 160 mg of TMP and 800 mg of SMX.

Abbreviations: DS, double-strength; SS, single-strength; TMP-SMX, trimethoprim-sulfamethoxazole. 
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