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General Concepts

Classification of Mycoses 
The clinical nomenclatures used for the mycoses are based on the 
(1) site of the infection, 
(2) route of acquisition of the pathogen, and 
(3) type of virulence exhibited by the fungus. 

Classification Based on Site 

Mycoses are classified as 
· superficial, 
· cutaneous, 
· subcutaneous, 
· systemic (deep) infections depending on the type and degree of tissue involvement and the host response to the pathogen. 

Classification Based on Route of Acquisition 

Infecting fungi may be either 
· exogenous:
Routes of entry for exogenous fungi include airborne, cutaneous 
or percutaneous
· endogenous. Endogenous infection involves colonization by a member of the normal flora or reactivation of a previous infection. 

Classification Based on Virulence 

Primary pathogens can establish infections in normal hosts. Opportunistic pathogens cause disease in individuals with compromised host defense mechanisms. 

Epidemiology 

The primary pathogens have relatively well-defined geographic ranges; the opportunistic fungi are ubiquitous. 
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INTRODUCTION 

Current magnitude and problems of mycoses 

Fungal infections or mycoses cause a wide range of diseases in humans. Mycoses range in extent from 
superficial infections involving the outer layer of the stratum corneum of the skin to disseminated infection involving the brain, heart, lungs, liver, spleen, and kidneys. The range of patients at risk for invasive fungal infections continues to expand beyond the normal host to encompass patients with the acquired immunodeficiency syndrome; those immunosuppressed due to therapy for cancer and organ transplantation, and those undergoing major surgical procedures. Each of these patient populations has a high risk of developing invasive fungal infections. As the population at risk continues to expand so also does the spectrum of opportunistic fungal pathogens infecting these patients also continue to increase. Many of the deeply invasive mycoses are difficult to diagnose early and often difficult to treat effectively. The development of new approaches to diagnosis and treatment of invasive fungal infections is the subject of intensive research. 

Concepts of classification 

Fungal infections may be classified according to 
1. the site of infection, 
· superficial, 
· cutaneous, 
· subcutaneous, and 
· deep 
2. route of acquisition, 
3. type of virulence 
Superficial mycoses are limited to the stratum corneum and essentially elicit no inflammation. 
Cutaneous infections involve the integument and its appendages, including hair and nails. Infection may involve the stratum corneum or deeper layers of the epidermis. Inflammation of the skin is elicited by the organism or its products. 
Subcutaneous mycoses include a range of different infections characterized by infection of the subcutaneous tissues usually at the point of traumatic inoculation. An inflammatory response develops in the subcutaneous tissue frequently with extension into the epidermis. 
Deep mycoses involve the lungs, abdominal viscera, bones and or central nervous system. The most common portals of entry are the respiratory tract, gastrointestinal tract, and blood vessels (Fig. 75-2).
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Figure 75-1 Principal tissue sites of deep mycoses in comparison to those of the superficial, cutaneous, and subcutaneous mycoses. 
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Figure 75-2 Portals of entry of pathogenic and opportunistic fungi causing deep mycoses. 

When classified according to the route of acquisition, a fungal infection may be designated as 
1. exogenous : infecting organism may be transmitted by 
· airborne, 
· cutaneous, or
·  percutaneous routes
2. endogenous in origin.. An endogenously-acquired fungal infection may be acquired from 
· colonization or
· reactivation of a fungus from a latent infection. Fungi may be classified also according to virulence, as primary pathogens or as opportunistic pathogens. A primary pathogen may establish infection in an immunologically normal host; whereas, an opportunistic pathogen requires some compromise of host defenses in order for infection to become established. 

Superficial and Cutaneous Mycoses 

Superficial Mycoses include the following fungal infections and their etiological agent: 
· black piedra (Piedraia hortae), 
· white piedra (Trichosporon beigelii), 
· pityriasis versicolor (Malassezia furfur), and 
· tinea nigra (Phaeoannellomyces werneckii). 
Pityriasis versicolor is a common superficial mycosis, which is characterized by hypopigmentation or hyperpigmentation of skin of the neck, shoulders, chest, and back. Pityriasis versicolor is due to Malassezia furfur which involves only the superficial keratin layer. 
Black piedra is a superficial mycosis due to Piedraia hortae which is manifested by a small firm black nodule involving the hair shaft. By comparison,
White piedra due to T beigelii is characterized by a soft, friable, beige nodule of the distal ends of hair shafts. 
Tinea nigra most typically presents as a brown to black silver nitrate-like stain on the palm of the hand or sole of the foot. 

Cutaneous Mycoses may be classified as 
1. dermatophytoses or 
2. dermatomycoses. 
Dermatophytoses are caused by the agents of the genera 
· Epidermophyton,
·  Microsporum, and 
· Trichophyton
The dermatophytoses are characterized by an anatomic site-specificity according to genera. For example, 
Epidermophyton floccosum infects only skin and nails, but does not infect hair shafts and follicles. 
Microsporum spp. infect hair and skin, but do not involve nails.
Trichophyton spp. may infect hair, skin, and nails. 

Dermatomycoses are cutaneous infections due to other fungi, the most common of which are Candida spp. 

Subcutaneous Mycoses 

There are three general types of subcutaneous mycoses: All appear to be caused by traumatic inoculation of the etiological fungi into the subcutaneous tissue:

· chromoblastomycosis, 
· mycetoma, 
· sporotrichosis 
◘  Chromoblastomycosis is a subcutaneous mycosis characterized by verrucoid lesions of the skin (usually of the lower extremities); histological examination reveals muriform cells (with perpendicular septations) or so-called "copper pennies" that are characteristic of this infection. Chromoblastomycosis is generally limited to the subcutaneous tissue with no involvement of bone, tendon, or muscle. 
◘  mycetoma is a suppurative and granulomatous subcutaneous mycosis, which is destructive of contiguous bone, tendon, and skeletal muscle. Mycetoma is characterized by the presence of draining sinus tracts from which small but grossly visible pigmented grains or granules are extruded. These grains are microcolonies of fungi causing the infection. 

Chromoblastomycosis and mycetoma are caused by only certain fungi. The most common causes of chromoblastomycosis are Fonsecaea pedrosoi, Fonsecaea compacta, Cladosporium carionii, and Phialophora verrucosa. 
The causes of mycetoma are more diverse but can be classified as eumycotic and actinomycotic mycetoma. Within the United States, the most common agent of eumycotic mycetoma is Pseudallescheria boydii and the most common cause of actinomycotic mycetoma is Nocardia brasiliensis. Many of the fungi causing mycetoma are pigmented brown to black. These organisms are known as dematiaceous (melanized) fungi. The melanin pigment is deposited in the cell walls of these organisms. These fungi may produce a range of infections from superficial to subcutaneous to deep (visceral) infection characterized by the presence of dematiaceous hyphal and/or yeast-like cells in tissue. Such deep infections due to dematiaceous fungi are termed phaeohyphomycosis. 

◘  Sporotrichosis is the third general class of subcutaneous mycoses. This infection is due to Sporothrix schenckii and involves the subcutaneous tissue at the point of traumatic inoculation. The infection usually spreads along cutaneous lymphatic channels of the extremity involved. 

Deep Mycoses 

General Concepts 

Primary versus opportunistic mycoses 

Deep mycoses are caused by primary pathogenic and opportunistic fungal pathogens. The primary pathogenic fungi are able to establish infection in a normal host; whereas, opportunistic pathogens require a compromised host in order to establish infection (e.g., cancer, organ transplantation, surgery, and AIDS). The primary deep pathogens usually gain access to the host via the respiratory tract. Opportunistic fungi causing deep mycosis invade via the respiratory tract, alimentary tract, or intravascular devices. 

The primary systemic fungal pathogens include 
· Coccidioides immitis, 
· Histoplasma capsulatum, 
· Blastomyces dermatitidis, and 
· Paracoccidioides brasiliensis. 
The opportunistic fungal pathogens include 
· Cryptococcus neoformans,
· Candida spp., 
· Aspergillus spp., 
· Penicillium marneffei, the 
· Zygomycetes, 
· Trichosporon beigelii, and 
· Fusarium spp. 

Dimorphism in the Pathogenic Fungi 

Fungal dimorphism is the morphological and physiological conversion of certain fungi from one phenotype to another when such fungi change from one environment to another. 
Dimorphic fungi include 
· C immitis, 
· H capsulatum, 
· B dermatitidis, 
· P brasiliensis, 
· P marneffei, and 
· S schenckii, and 
· certain opportunistic fungi such as Candida albicans and Penicillium marneffei. 
Various environmental host factors control fungal dimorphism. These factors include 
· amino acids, 
· temperature, 
· carbohydrates, and 
· trace elements (e.g. zinc). 
Among the primary pathogens and S schenckii, the morphological transformation is from a hyphal form to a yeast-like form (or spherule in the case of C immitis) in tissue (Fig. 75-3). However, the dimorphism of Candida albicans is somewhat different in that the organism transforms from a budding yeast-like structures (blastoconidia) to filamentous structures known as germ tubes (Fig. 75-4). Other filamentous structures may later develop as pseudohyphae and hyphae. Penicillium marneffei is unique in being the only Penicillium species pathogenic to humans. It undergoes dimorphic conversion in vivo to transversely dividing sausage-shaped cells. 
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Figure 75-3 Diagrammatic representation of the saprophytic and invasive tissue forms of pathogenic fungi. 
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Figure 75-4 Germination of Candida albicans.
Primary Mycoses 

Most cases of primary deep mycoses are asymptomatic or clinically mild infections occurring in normal patients living or traveling in endemic areas. However, patients exposed to a high inoculum of organisms or those with altered host defenses may suffer life-threatening progression or reactivation of latent foci of infection. 

The arthroconidia of C immitis are inhaled and convert in the lung to spherules. Most cases of coccidioidomycosis are clinically occult or mild infections in patients who inhale infective arthroconidia. However, some patients have progressive pulmonary infection and also may suffer dissemination to the brain, bone, and other sites. Coccidioides meningitis is a life-threatening infection requiring lifelong treatment. 

Histoplasmosis is a primary pulmonary infection resulting from inhalation of conidia of Histoplasma capsulatum which convert in vivo into the blastoconidial (budding yeast) form. 

Dissemination to the hilar and mediastinal lymph nodes, spleen, liver, bone marrow, and brain may be life-threatening in infants and other immunocompromised patients. Histoplasmosis (like tuberculosis) is characterized by intracellular growth of the pathogen in macrophages and a granulomatous reaction in tissue. These granulomatous foci may reactivate and cause dissemination of fungi to other tissues. These patterns of primary infection and reactivation are similar to those of Mycobacterium tuberculosis (see Chapter 33). Histoplasmosis also may be associated with a chronic inflammatory process known as fibrosing mediastinitis, where scar tissue (formed in response to H capsulatum) encroaches on vital structures in the mediastinum. 

Blastomycosis, similar to histoplasmosis, is a primary pulmonary infection resulting from inhalation of conidia from the mycelial phase of Blastomyces dermatitidis which convert in vivo to the parasitic yeast phase. Blastomycosis (due to B dermatitidis) in the blastoconidial phase also causes a primary pulmonary infection. The organism elicits a granulomatous reaction often associated with a marked fibrotic reaction. The clinical pattern of pulmonary blastomycosis is one of chronic pneumonia. Dissemination occurs most commonly to the skin, bone, and, in males, prostate. 

Opportunistic Mycoses 

Candidiasis. Candidiasis (due to C albicans and other Candida spp.) is the most common opportunistic fungal infection. Candida albicans is the most common cause of candidiasis. Candidiasis may be classified as superficial or deep. 
· Superficial candidiasis may involve the epidermal and mucosal surfaces, including those of the oral cavity, pharynx, esophagus, intestines, urinary bladder, and vagina. 
●
The alimentary tract and intravascular catheters are the major 
portals of entry for deep (or visceral) candidiasis. The kidneys, 
liver, spleen, brain, eyes, heart, and other tissues are the major 
organ sites involved in deep or visceral candidiasis. The principal 
risk factors predisposing to deeply invasive candidiasis are 
protracted courses of broad spectrum antibiotics, cytotoxic 
chemotherapy, corticosteroids, and vascular catheters. 

Aspergillosis. Invasive aspergillosis most frequently involves the lungs and paranasal sinuses. This fungus may disseminate from the lungs to involve the brain, kidneys, liver, heart, and bones. The main portal of entry for aspergillosis is the respiratory tract, however, injuries to the skin may also introduce the organism into susceptible hosts. Quantitative and functional defects in circulating neutrophils are key risk factors for development of invasive aspergillosis. For example, neutropenia due to cytotoxic chemotherapy and systemic corticosteroids are common predisposing factors for invasive aspergillosis. 

Zygomycosis. Zygomycosis due to Rhizopus, Rhizomucor, Absidia, Mucor species, or other members of the class of Zygomycetes, also causes invasive sinopulmonary infections. An especially life-threatening form of zygomycosis (also known as mucormycosis), is known as the rhinocerebral syndrome, which occurs in diabetics with ketoacidosis. In addition to diabetic ketoacidosis, neutropenia and corticosteroids are other major risk factors for zygomycosis. Aspergillus spp and the Zygomycetes have a strong propensity for invading blood vessels. 

Cryptococcosis. Cryptococcosis is most typically an opportunistic fungal infection that most frequently causes pneumonia and/or meningitis. Defective cellular immunity, especially that associated with the acquired immune deficiency syndrome, is the most common risk factor for developing cryptococcosis. 

Phaeohyphomycosis. Phaeohyphomycosis is an infection by brown to black pigmented fungi of the cutaneous, superficial, and deep tissues, especially brain. These infections are uncommon, life-threatening, and occur in various immunocompromised states. 

Hyalohyphomycosis. Hyalohyphomycosis is an opportunistic fungal infection caused by any of a variety of normally saprophytic fungi with hyaline hyphal elements. For example, Fusarium spp. infect neutropenic patients to cause pneumonia, fungemia, and disseminated infection with cutaneous lesions. 

Basic Concepts of Environmental Epidemiology 

The epidemiology of dimorphic primary pathogens may be contrasted with that of the opportunistic fungal pathogens. 

The primary pathogens have a relatively well-defined geographic range of endemic infection in immunocompromised hosts. By comparison, the opportunistic fungi (e.g. Aspergillus spp.) are ubiquitously distributed with the frequency of infection being dependent upon a population of immunocompromised hosts. Penicillium marneffei, an opportunistic pathogen, appears to be geographically restricted to the East Asia, particularly Thailand and China. 

Control and Treatment 
Hospital-acquired fungal infections may be reduced by maintaining the lowest possible concentration of fungal spores in the ambient air of the institution. Ideally, a "spore-free" environment should be sought. Antifungal therapy, which is reviewed in depth elsewhere, is an area of intense investigation (See Chapter 76). New antifungal compounds will hopefully improve the efficacy and reduce toxicity of treatment of invasive fungal infections. 
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General Concepts

Definition 

An antifungal agent is a drug that selectively eliminates fungal pathogens from a host with minimal toxicity to the host. 

Polyene Antifungal Drugs 

Amphotericin, nystatin, and pimaricin interact with sterols in the cell membrane (ergosterol in fungi, cholesterol in humans) to form channels through which small molecules leak from the inside of the fungal cell to the outside. 

Azole Antifungal Drugs 

Fluconazole, itraconazole, and ketoconazole inhibit cytochrome P450-dependent enzymes (particularly C14-demethylase) involved in the biosynthesis of ergosterol, which is required for fungal cell membrane structure and function.

Allylamine and Morpholine Antifungal Drugs 

Allylamines (naftifine, terbinafine) inhibit ergosterol biosynthesis at the level of squalene epoxidase. The morpholine drug, amorolfine, inhibits the same pathway at a later step. 

Antimetabolite Antifungal Drugs 

5-Fluorocytosine acts as an inhibitor of both DNA and RNA synthesis via the intracytoplasmic conversion of 5-fluorocytosine to 5-fluorouracil. 
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INTRODUCTION 

The development of antifungal agents has lagged behind that of antibacterial agents. This is a predictable consequence of the cellular structure of the organisms involved. Bacteria are prokaryotic and hence offer numerous structural and metabolic targets that differ from those of the human host. Fungi, in contrast, are eukaryotes, and consequently most agents toxic to fungi are also toxic to the host. Furthermore, because fungi generally grow slowly and often in multicellular forms, they are more difficult to quantify than bacteria. This difficulty complicates experiments designed to evaluate the in vitro or in vivo properties of a potential antifungal agent. 

Despite these limitations, numerous advances have been made in developing new antifungal agents and in understanding the existing ones. This chapter summarizes the more common antifungal agents. Three groups of drugs are emphasized: the polyenes, the azoles, and one antimetabolite. Table 76-1 summarizes the most important antifungal agents and their most common uses. 
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Polyene Antifungal Drugs 

The polyene compounds are so named because of the alternating conjugated double bonds that constitute a part of their macrolide ring structure (Fig. 76-1). The polyene antibiotics are all products of Streptomyces species. These drugs interact with sterols in cell membranes (ergosterol in fungal cells; cholesterol in human cells) to form channels through the membrane, causing the cells to become leaky (Fig. 76-2). The polyene antifungal agents include nystatin, amphotericin B, and pimaricin. 
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FIGURE 76-1 Structures of some common antifungal agents. 
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FIGURE 76-2 Generalized fungal cell depicting the sites of action of the common antifungal agents. 
Amphotericin B is the mainstay antifungal agent for treatment of life-threatening mycoses and for most other mycoses, with the possible exception of the dermatophytoses. Discovered by Gold in 1956, it can truly be said to represent a gold standard. Its broad spectrum of activity includes most of the medically important moulds and yeasts, including dimorphic pathogens such as Coccidioides immitis, Histoplasma capsulatum, Blastomyces dermatitidis, and Paracoccidioides brasiliensis. It is the drug of choice in treating most opportunistic mycoses caused by fungi such as Candida species, Cryptococcus neoformans, Aspergillus species, and the Zygomycetes. Resistance to this agent is rare, but is noteworthy for Pseudallescheria boydii, Fusarium spp., Trichosporon spp., certain isolates of Candida lusitaniae and Candida guilliermondii. 

The drug must be administered intravenously and is associated with numerous side effects, ranging from phlebitis at the infusion site and chills to renal toxicity, which may be severe. A major advance in the use of this agent has resulted from an understanding of the mechanism of its renal toxicity, which is presumed to involve tubuloglomerular feedback. The suppression of glomerular filtration can be reduced by administering sodium chloride. 

Nystatin was the first successful antifungal antibiotic to be developed, and it is still in general use. It is representative of the polyene antifungal agents developed later. The promise of its broad-spectrum antifungal activity is offset by host toxicity. Therefore, it is limited to topical use, where it has activity against yeasts such as the Candida species. 

Pimaricin (natamycin), another polyene, is used topically to treat superficial mycotic infections of the eye. It is active against both yeasts and moulds. 

Azole Antifungal Drugs 

The azole antifungal agents have five-membered organic rings that contain either two or three nitrogen molecules (the imidazoles and the triazoles respectively). The clinically useful imidazoles are clotrimazole, miconazole, and ketoconazole. Two important triazoles are itraconazole and fluconazole. In general, the azole antifungal agents are thought to inhibit cytochrome P450-dependent enzymes involved in the biosynthesis of cell membrane sterols. 

Ketoconazole set the stage for the orally administered antifungal azoles. It can be administered both orally and topically and has a range of activity including infections due to H capsulatum and B dermatitidis, for which it is often used in nonimmunocompromised patients. It is also active against mucosal candidiasis and a variety of cutaneous mycoses, including dermatophyte infections, pityriasis versicolor, and cutaneous candidiasis. It is not indicated for treatment of aspergillosis or of systemic infections caused by yeasts. 

The triazoles (fluconazole, itraconazole) have become the standard for the azoles, and have replaced amphotericin B for managing certain forms of the systemic mycoses. Fluconazole is now routinely used to treat candidemia in non-neutropenic hosts, and is gaining acceptance for use in cryptococcosis and selected forms of coccidioidomycosis. Itraconazole has proven to be effective for histoplasmosis, blastomycosis, sporotrichosis, coccidioidomycosis, consolidation treatment for cryptococcosis, and certain forms of aspergillosis. Fluconazole can be administered either orally, or intravenously. The licensed formulation for itraconazole is oral, but an intravenous formulation is under study, and could be a significant addition directed at bioavailability problems relating to absorption of the oral formulation. 

Side effects are not as common with the azoles as with amphotericin B, but life-threatening liver toxicity can arise with long-term use. Liver toxicity noted with ketoconazole has been less problematic with the triazoles. Other side effects include nausea and vomiting. Drug interactions are a potential problem between azoles and other drug classes and include cyclosporin, certain antihistamines, anticoagulants, and antiseizure, oral hypoglycemic and other medications that are metabolized via similar pathways in the liver. 

5-Fluorocytosine 

In contrast to the situation with antibacterial agents, few antimetabolites are available for use against fungi. The best example is 5-fluorocytosine, a fluorinated analog of cytosine. It inhibits both DNA and RNA synthesis via intracytoplasmic conversion to 5-fluorouracil. The latter is converted to two active nucleotides: 5-fluorouridine triphosphate, which inhibits RNA processing, and 5-fluorodeoxyuridine monophosphate, which inhibits thymidylate synthetase and hence the formation of the deoxythymidine triphosphate needed for DNA synthesis. As with other antimetabolites, the emergence of drug resistance is a problem. Therefore, 5-fluorocytosine is seldom used alone. In combination with amphotericin B it remains the treatment of choice for cryptococcal meningitis and is effective against a number of other mycoses, including some caused by the dematiaceous fungi and perhaps even by C albicans. 

Other Antifungal Agents 

Griseofulvin is an antifungal antibiotic produced by Penicillium griseofulvum. It is active in vitro against most dermatophytes and has been the drug of choice for chronic infections caused by these fungi (e.g., nail infections with Trichophyton rubrum) since it is orally administered and presumably incorporated into actively growing tissue. It is still used in such instances but is being challenged by some of the newer azole antifungal agents. The drug inhibits mitosis in fungi. 

Potassium iodide given orally as a saturated suspension is uniquely used to treat cutaneous and lymphocutaneous sporotrichosis. This compound, interestingly, is not active against Sporothrix schenckii in vitro. It appears to act by enhancing the transepidermal elimination process in the infected host. 

Two other classes of antifungal agents represent new additions to topical treatment of the dermatomycoses in Europe. The two allylamines (naftifine and terbinafine) inhibit ergosterol synthesis at the level of squalene epoxidase; one morpholene derivative (amorolfine) inhibits at a subsequent step in the ergosterol pathway. 

Selection of Antifungal Agents 

In vitro susceptibility testing with the fungi is not yet standardized, and the results of in vitro tests do not always compare to the results obtained in vivo. Therefore, preliminary selection of an antifungal agent for clinical use is made primarily on the basis of the specific fungal pathogen involved. The spectrum of activity for the licensed antifungal agents is well defined through the results of preclinical and clinical testing with the most common fungal pathogens. This approach is useful in avoiding selection of antifungals for species of fungi that are known to have primary resistance to the agent, but less useful in selecting antifungals for species that are known to develop secondary (drug induced) resistance to a particular agent. 

Antifungal drug resistance has become an increasing problem with the development of a larger compendium of antifungal agents. Drug resistance to the polyene antifungals is almost always primary resistance rather than secondary resistance. That is, the susceptibility profiles for the species are characteristic and inherent, and rarely change in response to exposure to the agent. For example, amphotericin B-resistant species such as Pseudallescheria boydii and Candida lusitaniae are well known, and do not appear to have originated from exposure to the antifungal. Despite decades of widespread clinical use of amphotericin B in Candida albicans infections, the development of secondary resistance has been exceedingly rare. In contrast, both primary and secondary resistance to 5-fluorocytosine are known to occur for strains of Candida species, serving as the basis for restricting use of this agent to combination therapy with other antifungal drugs. 

The question of fungal resistance to the azole drugs is considerably more complex and is currently under evaluation. Examples of both primary and secondary resistance are known for the medically important yeasts and selected azole antifungals. Candida krusei as a species is typically resistant to fluconazole. Candida albicans strains are typically susceptible to fluconazole and certain other azole antifungals, but there are increasing reports of resistance, especially in HIV-infected hosts having undergone repeated courses of azole antifungal therapy. The question of drug resistance is complicated by the limitations in the available susceptibility testing methodology and the ability to distinguish between microbiological and clinical drug resistance. The latter typically occurs when an inhibitory antifungal agent reaches the limits of its activity in a host with a decreasingly efficient immune system. 

With the advent of the polyenes, azoles, and fluorocytosine, previously fatal infections can now be treated. However, as modern medicine continues to extend life through aggressive therapy of other life-threatening diseases such as cancer, there is an increasing population at risk for opportunistic fungal infections. Such patients represent a special challenge because they often are left with little host immune function. Therefore, chemotherapeutic agents should be fungicidal and not just fungistatic. The search continues for fungicidal agents that are nontoxic to the host. Research is also directed toward immunomodulating agents that can reverse the defects of native host immunity. 
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