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The number of patients immunocompro- 
mised by disease or treatment has increased 
during recent years as a result of more ag- 
gressive cytotoxic therapy and increased 
knowledge of intensive care and manage- 
ment of serious infections. Therefore, 
fungal infections have emerged as an in- 
creasing problem in this patient population 
(1). Most infections are caused by Cundidu, 
Aspergillus, Mucor, and Cryptococcus 
species. These organisms are ubiquitous in 
the environment or, as with Cundidu, are 
commonly isolated from the normal oro- 
pharyngeal, gastrointestinal, and vaginal 
microflora. They have a documented viru- 
lence for the compromised host and cause a 
significant morbidity and mortality in those 
patients. 

Clinicians involved in the treatment of 
immunocompromised patients are chal- 
lenged by problems in the diagnosis, treat- 
ment, and prevention of fungal infections 
which differ significantly from what is to 
be expected in immunologically healthy 
persons. 

Host defense mechanisms in the 
protection against fungal infection 
Before invasive or disseminated fungal infec- 
tion can take place, the causative micro- 
organism must be acquired and a breach of 
body barriers such as skin or mucosal sur- 
faces must occur. 

In the immunologically healthy person, 
hyphal forms of Cundidu are killed by 
neutrophilic granulocytes (PMNs) and 
monocytes. Blastospores of Cundidu are 
also attacked by eosinophilic granulocytes. 
Pseudohyphae are more resistant than 
blastospores to phagocytosis by PMNs and 
can penetrate host cells, probably because 
of the phospholipase activity concentrated at 
their tips. Consequently, patients with a low 
granulocyte count or impaired granulocyte 
function are at the highest risk of both invas- 
ive candidal infection and bacterial infec- 
tions. 

The cell-mediated immune response is 
important for the protection against acqui- 
sition of fungal species on the epithelial sur- 
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faces of the body and against invasive 
disseminated yeast infections. Patients with 
profound defects in the cell-mediated 
immune response are at significant risk of 
invasive candidal infection. 

Humoral immune function appears to play 
a less important role in the defense against 
fungal infection. Although a serologic 
response can be observed after fungal infec- 
tions, its clinical importance is not fully 
understoold. 
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granulocyte defects are far commoner and 
are observed as agranulocytosis secondary 
to reactions to drugs or chemical agents. 
Secondary granulocyte dysfunction is ob- 
served in patients with diabetes mellitus as 
a result of impaired glucose metabolism of 
the phagocytes. However, the commonest 
type of granulocytopenia is observed in con- 
nection with malignant diseases of the hem- 
atopoietic system, such as acute leukemia 
and end-stage forms of lymphoma and 
myeloma. Cytotoxic treatment of malignant 
diseases and radiotherapy of large body 
areas tend to produce a significant decrease 
in circulating granulocytes. The more 
aggressive induction-remission regimenh 
used for leukemia treatment during recent 
years produce long periods of pronounced 
granulocytopenia which increase the risk of 
subsequent septicemia or disseminated bac- 
terial or fungal infections. The introduction 
of bone marrow transplantation for severe 
bone marrow diseases has added further to 
the number of patients at high risk of infec- 
tion because of low numbers of granulocytes. 

Infection is related to the number of cir- 
culating granulocytes (the most important 
cell type being the neutrophilic granulo- 
cytes). The frequency of infection rises as the 
granulocyte count drops to < 0.5 x IO"/I. 
The absolute level of granulocytes in blood 
is a reliable indicator of the infection risk. 
The risk of disseminated infection is sig- 
nificant when the granulocyte level is 
< 0.1 x lo9. Patients with acquired gra- 
nulocyte defects often have other defects 
in the immunologic system, such as T-cell 
deficiency, which make them prime can- 
didates for both local and disseminated yeast 
infection. 

Breach of body harriers 
Immunoconipromised patients are sub- 

jected to several occasions that may produce 
iatrogenic damage to skin and mucosal sur- 
faces, predisposing to infection. Urinary, 
venous, o r  arterial catheters and skin wounds 
from venipuncture and bone marrow aspir- 
ation are portals of entry for infecting micro- 
(1 rganism s. 

In the oral cavity ulcers secondary to 
cytotoxic treatment are frequent findings in 
cancer patients (2). Drugs like doxorubicin, 
methotrexate, and ARA-C are frequently 
associated with ulcerations in the oropharyn- 
geal area. Mucosal damage may also be 
caused by radiotherapy ( 3 )  or by reactivation 
of latent Herprs simplex virus (4). Traumatic 
ulceration in the oral cavity by dentures or 
\harp teeth further increases the risk of trans- 
location of microorganisms from the oral 
cavity to the blood stream. The type of 
microorganism translocated is dependent on 
the microbial colonization and local micro- 
flora ( 5 ) .  If  the patient is heavily colonized 
with, for example, Candida species, the risk 
of systemic fungal infection is obvious. 

G'r~irzulocvtc~penia 
Defects of the phagocytic system may be 

congenital or acquired. The congenital types 
arc less frequent and are observed either as 
rare granulocytopenic diseases, such as the 
ziutosomaliy inherited Kostman disease, the 
dominant Hitzig disease, the sex-linked 
chronic granulomatous disease and cyclic 
agranulocytosis, or as defects in granulocyte 
function as present in Chediak-Higashi syn- 
drome, Shwachman's disease and myelo- 
peroxidase deficiency. Acquired types of 

Cellular immune dysfunction 
In rare cases cellular immunodeficiencies 

are congenital. The best known is the rare 
DiGeorge syndrome, in which the patients 
have hypoplasia of the thymus and the para- 
thyroid glands. These patients have severe 
recurrent infections with some bacterial 
species and fungi, such as Pneumocystis 
carinii and yeasts. Widespread fungal col- 
onization and infection are typical clinical 
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features of defects of the thymus-dependent 
immune response. A chronic form of muco- 
cutaneous Candida infection is observed 
among some individuals with a selective 
defect in the T-lymphocyte response to Can- 
dida antigens, but disseminated deep infec- 
tion is rare. 

Acquired disturbances of cellular immun- 
ity are far commoner and may have various 
causes. 

i)  Various viral infections such as cyto- 
megalovirus, Epstein-Barr virus, and, 
especially, human immunodeficiency virus 
(HIV) induce various grades of cellular 
immunodeficiencies. These types of patient 
usually have relatively normal phagocytic 
function, and, although they acquire col- 
onization and localized invasive Candida 
infection (for example, in the oral cavity), 
disseminated deep infections are uncommon 
even in AIDS patients. 

ii) Patients with Hodgkin and non-Hodg- 
kin lymphomas often lack evidence of 
delayed hypersensitivity reaction as a sign of 
impaired cellular immune response. These 
patients have an increased sensitivity to viral, 
fungal, and intracellular bacterial infections. 

iii) Treatment with cytotoxic drugs such as 
methotrexate, doxorubicin, and ARA-C and 
immunosuppressive treatment with gluco- 
corticosteroids, cyclophosphamide, and aza- 
thioprine affect the cell-mediated immune 
response and the phagocytic function and 
increase both the risk of acquisition of yeasts 
and invasive infection. Cyclosporine, on the 
other hand, has a more selective effect on T 
lymphocytes and does not significantly affect 
the phagocytic system. Cyclosporine facili- 
tates the acquisition of yeast in the gas- 
trointestinal microflora. 

Humoral immune function 
Patients with low levels of immuno- 

globulins are susceptible to various types of 
bacterial infections (6), the type of the infec- 
tion being dependent on the type of defi- 
ciency. Low levels of IgG2 impair the ability 
to form antibodies to polysaccharides and 
increase the risk of infection by respiratory 
tract pathogens. Salivary secretory IgA 
against Candida is considered to aggregate 

fungi and to prevent their mucosal attach- 
ment (7). The importance of immuno- 
globulins in the protection against yeast 
infection in immunocompromised hosts is 
unclear. However, humoral response may 
sometimes be useful for diagnostic purposes. 

Origin of infecting microorganisms 
and shift in microbial flora 
Hospitalization in itself increases the risk of 
microbial shift in the normal oropharyngeal , 
gastrointestinal, and skin microflora. The 
more severely ill the patient is, the greater 
is the risk of acquisition of potentially patho- 
genic microorganisms in the gastrointestinal 
microflora (8). Treatment that alters the nor- 
mal physiologic properties of the oropharyn- 
geal tract (for example, radiotherapy and 
drugs with xerostomic side effects) facilitates 
colonization and overgrowth with Candida 
species (3 ,9) .  Treatment that suppresses the 
cell-mediated immune response further en- 
hances growth of yeasts. It also appears that 
malignant disease in itself for unclear reasons 
predisposes to a shift in the gastrointestinal 
microflora. The administration of antimi- 
crobial agents to immunocompromised 
patients induces significant disturbances in 
the normal oropharyngeal and gastroin- 
testinal microflora. Agents with pronounced 
effects on the normal microflora should be 
avoided if possible in these groups of patients 
since this increases the risk of superinfection 

Most infections in immunocompromised 
patients are caused by organisms that have 
colonized epithelial surfaces near the site 
where the infection develops (11). For 
example, bacterial pneumonia is often pre- 
ceded by oropharyngeal colonization with 
the infecting microorganisms, and Candida 
pharyngitis and esophagitis are more often 
observed in patients heavily colonized with 
Candida species in the oral cavity (12). Thus 
surveillance cultures are often useful in 
immunocompromised patients at high risk of 
infection. Cultures from the oral cavity and 
pharynx should be obtained before the 
patient enters a period of profound 
granulocytopenia and should be repeated 

( 5 7  10). 
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weekly during the period of increased risk 
of infection. Nonendogenous bacteria and 
yeasts and filamentous fungi should be iso- 
lated and identified, and their susceptibility 
to antimicrobial agents determined. 
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Diagnostic problems in 
immunocompromised patients 
In immunocompromised patients fungal 
infections are often suspected as the cause of 
unclear fever, septic symptoms, or localized 
infjammatory signs. Early diagnosis and 
adequate treatment are mandatory for a suc- 
cessful outcome. Superficial localized lesions 
;ire easily detected. whereas deep-seated 
fungal infections remain extremely difficult 
ti) diagnose in  the immunocompromised 
host. In  the oral cavity it is important to 
differentiate between colonization and 
invacive infection. The definite diagnostic 
test for invasive fungal infection is dem- 
onstration of hyphae or fungal pathogens 
invading the tissue. Furthermore, the  invas- 
ive microorganism should be isolated and 
identified by microbiologic methods. These 
critcria are. difficult to fulfill in most immuno- 
compromised hosts, as life-threatening dis- 
ease may contradict the excision of tissue. 
Other noninvasive methods such as cul- 
tivation from mucous membranes and blood, 
in combination with, for example, serology, 
must therefore often be used as alternatives 
!o histology. In most patients the infecting 
organism is Cizndida albicans, but other Can- 
dida specie:s, such as C. tropicalis, C. krusei, 
C. parapsil’osis, and the closely related yeast 
C. glabratir, are also often involved in the 
infection ( . 2 ,  13. 14). Three different diag- 
nostic ‘tools’ can be used in  the diagnosis of 
tungal infection: cultivation, histology, and 
serology (IS). 

C’ulrruat1on 
’I he causative microorganism can be cor- 

rectly identified only by microbiologic 
met hods. Antimicrobial susceptibility testing 
15 only possible after isolation of the micro- 
cirganism. The significance of fungal isolates 

from clinical specimens must be put in  
relation to what may be isolated from that 
specific site during normal circumstances. 
Isolation of Candida species from the oral 
cavity without clinical signs of local or sys- 
temic infection provides little information 
and is often only an indication of colon- 
ization. Isolation of fungi from subsequent 
blood samples is, however, strong evidence 
of deep-sited invasive infection. Most deep 
mycoses cannot be detected by blood 
culture, even though autopsy reveals dis- 
seminated infection (15). 

Histology 
Histologic examination of biopsy speci- 

mens and the demonstration of fungus in 
tissue is essential for the diagnosis of invasive 
Candida infection in immunocompromised 
patients. Histology is the best diagnostic tool 
for differentiation between infection and col- 
onization, as culture alone will not always 
give the diagnosis. 

The most commonly used stains for dem- 
onstration of fungal organisms in tissue 
specimens are Gomori methenamine silver 
(GMS), periodic acid-Schiff stain (PAS), and 
Gridley fungus (GF). A factor complicating 
the histologic interpretation in specimens 
from immunologically defective patients is 
the great variation of the inflammatory 
response evoked by host-parasite inter- 
actions. The optimal approach to diagnosis 
is a combination of histology of biopsy 
specimens and cultivation of microbiologic 
specimens obtained from the same site of 
suspected infection (16). In severely compro- 
mised patients excision of tissue specimens 
may pose a serious risk for the patient. as 
bleeding and superinfection may ensue. It 
is therefore not always possible to perform 
histology, and the diagnosis has to rely on 
cultivation and clinical observations in these 
cases. 

Serology 
Serologic determination of circulating 

antibodies against fungi has been used to 
detect invasive infections (17). Various 
methods have been used, such as immuno- 



F I ~ .  1A A neutropenic bone marrow recipient patient (acute lymphatic leukemia, neutrophils <0.1 X 109/1 blood) 
wrth angular cheilitis caused by Stuphylococcus aureus and Candida albicuns. 1B. The same patient 11 days later 
after engraftment of new bone marrow (neutrophils >1 x 10y/l blood). 

Fig. 2 Heavy colonization with Cundidu albicuns in 
spite of nystatiri prophylaxis in a neutropenic patient 
with chronic myeloic leukemia in blast crisis treated 
w8ith chemotherapy. membranes. 

Fig. 3. Bone marrow recipient (acute myeloic leukemia. 
neutrophils <0.1 x 10”l blood) with invasive C‘lndidu 
albicnns infection of the oral and pharyngeal mucous 
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fluorescence measure of antibodies against 
cell surface components (18), immuno- 
diffusion tests using cytoplasmic candidal 
antigens, and enzyme-linked immunosorb- 
ent assay (19). A lack of standardization of 
reagents makes comparisons between dif- 
ferent laboratories difficult. The value of 
detecting antibodies against Candida is con- 
troversial, as they may have been preexisting 
as a result of an earlier infection or col- 
onization. Immunocompromised patients 
often have a decreased ability to produce 
antibodies, and interpretation of the sero- 
logic response is therefore complicated. 
Kostiala et al. (20), however, could detect 
increased levels of antibodies against Can- 
dida in patients with hematologic malig- 
nancies and found it useful to differentiate 
between Candida infections and septicemia 
with bacterial species. 

The detection of fungal antigen is of great 
value in the diagnosis of cryptococcosis and 
has also been applied for detection of anti- 
genic components (mannan, mannose) or 
metabolites (arabinitol) in blood from pa- 
tients with disseminated candidal infection. 
These approaches are, however, still limited 
by frequent cross-reactions and both false- 
positive and false-negative reactions (20). 
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frequently isolated from such lesions (Fig. 
1). Heavy colonization of oral mucosal sur- 
faces are generally characterized by a white 
pseudomembranous lesion initially appear- 
ing on the dorsum of the tongue and sub- 
sequently also on buccal and alveolar mucosa 
(Fig. 2). It is difficult to differentiate between 
yeast colonization and epithelial sloughing 
caused by cytotoxic treatment on the basis 
of only clinical evidence, and additional 
laboratory investigations should be per- 
formed. The absence of pseudomembranes 
on the tongue does not exclude colonization, 
and invasive infection may occur without 
previous clinical signs of colonization. How- 
ever, if microbiologic cultures are performed 
regularly, it will be observed that invasive 
oropharyngeal yeast infections are always 
preceded by colonization of mucosal sur- 
faces. As a consequence of this, much inter- 
est has been focused on the possibility of 
preventing colonization of different body 
sites in severely compromised patients. 

Invasive yeast infection in the oropharyn- 
geal tract is characterized by clinical findings 
such as intensive signs of inflammation in 
the mucous membranes, often in connection 
with multiple widespread ‘colonies’ (Fig. 3). 
Definite diagnosis is established by micro- 
scopic investigation of tissue specimens from 
the suspected site. In most patients the state 
of the underlying disease makes invasive pro- 
cedures hazardous, and diagnosis has to rely 
on clinical observations and microbiologic 
findings. Important factors to consider are 
the clinical picture at the site of infection, the 
kind and number of microorganisms isolated 
from the lesion, and the grade of immuno- 
suppression and systemic signs of infection. 
Treatment of invasive fungal infection in 
severely immunocompromised patients is 
complicated and difficult. Topical treatment 
is insufficient, and systemic treatment is 
mandatory, to avoid fatal complications. The 
prognosis of treatment is dependent on sev- 
eral factors, such as susceptibility of infecting 
microorganism to antimicrobial agents and 
toxicity of treatment given. The most impor- 
tant factor, however, is the recovery of the 
patient’s immune function with circulating 
functional neutrophils in high numbers 
(>1 x lo9/] blood) (Fig. 1). 

Clinical aspects of oropharyngeal 
candidosis in immunocompromised 
patients 
Clinical diagnosis and management of can- 
didosis in immunocompromised patients 
should aim at early diagnosis and treatment 
of infection and colonization of different 
body sites. Weekly surveillance cultures and 
daily clinical investigations should be per- 
formed. Oral and pharyngeal inspection 
should be carried out daily in patients who 
are at high risk of infection (granulocytes 
~ 0 . 5  x 10y/l). Additional cultures and, if 
possible, material for microscopic exam- 
ination should be obtained if colonization or 
local oropharyngeal infection is suspected. 
Mucosal ulcerations and cheilitis should be 
regarded as potentially infected in these 
patients, and bacterial species and yeasts are 
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Fungal prophylaxis 
The frequent finding of Candida species in 
the nornial oropharyngeal and gastroin- 
testinal microflora in immunocompromised 
patients in connection with the findings of 
invasive Candida infections in the orophar- 
ynx, esophagus, and rectum has suggested 
that the suppression of endogenous Candida 
species may decrease the events of infection 
(22). Most antifungal agents have been used 
for this purpose. In general, nonabsorbable 
agents have been used to prevent coloniz- 
ation and thereby, it is hoped, also decrease 
the number of subsequent infections. Sys- 
temically administered agents have aimed at 
the prevcntion of colonization and also at 
prevention and early treatment of invasive 
infection. In patients wearing dentures 
fungal prophylaxis should include these also 
(23). 
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agents for prophylaxis of infection in 
immunocompromised patients, either as 
lozenges or incorporated in multidrug decon- 
tamination regimens. Colonization of the 
gastrointestinal tract by Candida can be pre- 
vented with amphotericin B, whereas it is 
more complicated to prevent colonization of 
the oropharynx (28,29). When studies using 
nystatin are compared with studies using 
amphotericin B, no significant difference is 
obtained with regard to the rate of invasive 
fungal infection (30-32). 

tmidazole and triazole agents 
At present the main interest in antifungal 

prophylaxis has aimed at agents such as clo- 
trimazole, miconazole, ketoconazole, and 
fluconazole. Clotrimazole is only available 
as a topical agent, and the absorption after 
oral administration is minimal. Miconazole 
is an agent for pa ren ted  use, whereas keto- 
conazole and fluconazole are absorbed from 
the gastrointestinal tract and have both top- 
ical and systemic effects after peroral ad- 
ministration. Miconazole and ketoconazole 
administration may decrease the incidence 
of oral Candida infection, without decreas- 
ing Candida colonization, suggesting a sys- 
temic rather than a topical effect (33, 34). 
Several disseminated infections due to in- 
herently ketoconazole-resistant Aspergillus 
species and Candida glabrata were observed 
in patients receiving ketoconazole prophy- 
laxis (33) and may limit the use of this agent 
in hospitals with frequent infections with 
these microorganisms. Ketoconazole has 
several side effects, such as endocrine dis- 
turbances, hepatitis, and interaction with 
cyclosporine, which is important in organ 
transplant patients. In patients with chronic 
mucocutaneous candidosis ketoconazole has 
shown promising results (35) and is con- 
sidered the drug of choice. Fluconazole has 
recently been shown to eliminate effectively 
oropharyngeal and esophageal candidosis in 
patients with HIV infection and also to pre- 
vent relapse for a considerable period of time 
(36). 

Nj).statin 
The effect of nystatin alone (4 x lo5 units 

t o  1.2 x l o 6  units daily) in the prophylaxis of 
invasive fungal infections has been evaluated 
in several studies with conflicting results (24- 
26). As a conclusion of these studies it can 
be stated that nystatin had an effect on col- 
onization rate, but its effectiveness with 
regard to disseminated Candida infection 
could not be proved. 

Nystatin appears to be more effective in 
preventing Candida infection when given in 
combination with various nonabsorbable 
antibacterial agents. Levine et al. (27) 
showed that, to suppress endogenous yeasts 
adequately, nystatin was effective only if the 
patients could be prevented from acquiring 
yeasts by staying in laminar air flow moms 
and eating a diet free from fungi. The incom- 
plete effect of nystatin in preventing acqui- 
sition of Candida in the gastrointestinal tract 
has resulted in the use of other antifungal 
agents in combination with bacterial decon- 
taminal.ion regimens as prophylaxis for infec- 
t i m  in immunocomprornised patients. 

A tnph otericiti B 
Ainphotericin B has been used in several 

studies in combination with antibacterial 
Chlorhexidine 

Chlorhexidine is widely used as an oral 
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'antiseptic' and has also been used as prophy- 
laxis against colonization with fungi in 
immunocompromised patients in several 
studies. Conflicting results have been 
reported with regard to the effect of a 0.1% 
solution on colonization rate (37, 38). 
Chlorhexidine, 0.2%, is less effective against 
candida stomatitis than, for example, clo- 
trimazole (22). Selection of resistant bac- 
terial strains with subsequent overgrowth 
should be considered (39). Furthermore, 
chlorhexidine interacts in vitro with nystatin 
(40). Intraoral use of chlorhexidine should 
probably be avoided together with antifungal 
drugs in immunocompromised patients. 

Treatment of invasive Cundidu 
infections 
Invasive fungal infections in severely im- 
munocompromised patients should always 
be treated with systemic antifungal therapy. 
Amphotericin B is the drug most commonly 
used. The main limitation of this drug is 
toxicity. Amphotericin B encapsulated into 
liposomes has an enhanced antifungal effect, 
and promising data from patient studies have 
been reported (41). Recently developed 
agents for peroral use, such as fluconazole, 
have made treatment of some invasive Cun- 
dida infections less toxic to patients. 
However, treatment with any antifungal 
agent is only beneficial if circulating neu- 
trophil levels are normalized. 
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