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Strain Variation Among Candida Species: 
Application of Various Typing Methods to 
Study the Epidemiology and Pathogenesis 
of Candidiasis in Hospitalized Patients 

Candida spp, particularly C albicans and C tropicalis, are 
pervasive pathogens capable of causing acute and recur
rent local disease in otherwise healthy individuals17 and 
life-threatening systemic infection in immunocompro
mised pat ients . 1 3 , 8 1 1 Despite the recognition of the 
clinical importance of these organisms, there clearly are 
deficiencies in our ability to prevent, diagnose, and treat 
these infections, particularly in immunocompromised 
patients.1"3-9'1012 In large part that may be due to our 
lack of knowledge concerning the epidemiology and 
pathogenicity of Candida spp. The application of several 
newer methods for subspeciating isolates of C albicans and 
other Candida spp may improve our understanding of the 
epidemiology and pathogenesis of candidal infections. 
The remainder of this editorial will review the clinical 
significance of candidal infection in immunocompro
mised patients and the importance of strain differentia
tion and phenotypic variation in our understanding of 
the epidemiology and pathogenesis of candidal infec
tions. 

Infection continues to be a major cause of morbidity 
and mortality following bone marrow transplanta
t ion 9 1 0 1 3 and therapy of patients with hematologic 
malignancies.1-8'10 Although bacterial infections are 
clearly important, opportunistic infections due to Can
dida spp are of particular concern and appear to have 
increased markedly over the past two to three dec
ades.1 3 , 9 Systemic candidiasis is reported to occur in 20% 
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to 40% of patients with hematologic malignancies1"310 

and in approximately 28% of patients who receive bone 
marrow t ransplants . 1 3 Improvements in life support 
capabilities and advances in cytotoxic, immunosup
pressive, and antibacterial therapies have all combined to 
prolong the survival of these patients, with a resulting 
substantial increase in the number at risk for developing 
severe local and systemic candidal infections. 

Systemic candidal infection may involve many diverse 
anatomical sites including lung, liver, spleen, kidney, and 
cardiovascular and central nervous systems.13 Currently, 
it is thought that the first step in the development of 
systemic candidiasis is colonization of the gastrointestinal 
tract or oropharynx by Candida spp. Candidal infection 
may then disseminate by one of three major routes: 1) 
direct vascular invasion via an intravascular cath
e ter 1 3 ' 9 1 4 ; 2) vascular invasion following disruption of 
the mucosal surface of the colonized oropharyngeal or 
gastrointestinal t rac t 2 1 4 1 8 ; or 3) persorption of organ
isms through the intact gastrointestinal mucosa and into 
the bloodstream due to sheer numbers of colonizing 
organisms . 1 5 1 6 1 8 2 0 

Of primary importance in the establishment of sys
temic candidal infection is the immunologic status of the 
host. Virtually all patients with systemic candidiasis have 
severe defects in their host defense system and most com
monly are neutropenic or manifest impaired neutrophil 
function.1 3 9 

Despite the recognition of Candida as an important 
pathogen in the severely immunocompromised patient, 
the results of prevention and therapy of systemic can
didiasis have been dismal. The reported mortality of sys
temic candidiasis in patients with hematologic malignan
cies or bone marrow transplantation ranges from 60% to 
90%, despite treatment with amphotericin B . 1 3 , 8 1 3 
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Attempts at prophylaxis with oral or systemic administra
tion of antifungal agents have been unsuccessful in pre
venting invasive disease, despite a reduction in the extent 
of local colonization.138"1317 These results suggest that 
extensive local colonization and superinfection by Can
dida spp may be an overly simplistic view of the patho
genesis of systemic candidiasis. 

One of the major problems in the prevention and 
therapy of candidiasis in immunocompromised patients 
is the difficulty in diagnosing infection versus colonization 
in these extremely complicated patients.1 0 2 1 '2 2 The 
clinical signs and symptoms associated with both local and 
systemic candidiasis are well known but are nonspecific 
and generally not helpful in distinguishing bacterial 
infection from candidal infection.13 The laboratory diag
nosis is also both insensitive and nonspecific.1 3 , 9 1 0 

Although histologic examination of tissue obtained by 
biopsy remains extremely useful in establishing the diag
nosis of invasive disease, it is frequently not practical in 
patients at high risk for candidal infection, due to severe 
thrombocytopenia or impaired coagulation in these 
patients.13 

In addition to the diagnostic problems noted above, 
problems exist in interpreting cultures obtained from a 
variety of other body sites due to the propensity for Can
dida spp, particularly C albicans, to colonize these sites 
without causing infection.2,14,21,22 Studies by Sandford et 
al22 document the fact that despite colonization by C 
albicans in the respiratory, genitourinary, and gastroin
testinal tract of the majority of patients with hematologic 
malignancies or bone marrow transplantation, only a 
small percentage ever develop invasive disease due to this 
organism. In contrast, 58% to 100% of patients colonized 
by C tropicalis develop systemic infection and thus are at 
significantly greater risk of developing a systemic infec
tion due to C tropicalis. Although these data suggest that C 
tropicalis may be more invasive than C albicans, particularly 
following cytotoxic chemotherapy, the reasons for this 
increased virulence are unclear.1118 

Additional investigation into the epidemiology and 
pathogenesis of candidal infection in the immunocom
promised patient seems warranted in order to provide 
information that may be exploited in our efforts to control 
these pervasive pathogens. Unfortunately, the prevailing 
theme in many of the previous studies dealing with the 
epidemiology and pathogenicity of Candida spp has been 
to treat each species as a single organism with a single set 
of phenotypic traits. As a result we know very little about 
the degree of strain variation within species and its rela
tion to the ability of an organism to colonize or invade a 
specific body site in a given patient. Differences among 
strains within species have been recognized and include 
the ability to adhere to various cellular and plastic sur
faces,1 4" ' ' 2 3 , 2 4 ability to respond to various patho
physiologic changes in the host with increased growth or 
mycelial formation,1 4 1 8 1 9 ' 2 5 ' 2 6 development of resis
tance to antifungal agents , 9 1 1 1 2 1 4 - 2 7 and in the case of C 
albicans, differences in serotype6'14,28"31 and the ability to 
produce pro teases 2 9 ' 3 2 3 3 and phospholipase.2 3 , 2 9-3 4 

However, these differences have not been fully exploited 
to differentiate strains for epidemiologic purposes and 
have not been incorporated into a unified explanation of 

the pathogenicity of the organisms. The delineation of 
specific phenotypic (or genotypic) profiles of Candida spp 
would provide the basis for studies designed to answer 
important epidemiologic and pathogenetic questions in 
immunocompromised patients: 1) the role of strain varia
tion in chronic colonization and recurrent infection; 2) 
the site of origin of organisms causing invasive disease; 
and 3) the frequency and mechanism of patient-to-
patient or hospital staff-to-patient spread of Candida iso
lates involved in nosocomial infections. In addition, such 
studies could serve to identify potential virulence mark
ers in clinical isolates that could be further characterized 
using molecular, immunologic, and genetic techniques, 
and could be tested in an animal model of invasive disease 
as well. Finally, strain differentiation would be potentially 
useful in interpreting culture results and establishing 
rational prophylactic and chemotherapeutic protocols, 
particularly if one or more phenotypes were found more 
predictive of invasive disease than others. Based on such 
data, the need for isolation precautions in certain patients 
could be addressed and their efficacy subsequently 
tested. 

Although they have not yet been applied to the inves
tigation of candidiasis in the immunocompromised 
patient, several different typing systems have recently 
been developed for the purpose of subspeciating isolates 
of C albicans and other species of Candida.6-29-^1 These 
typing methods include the serological method of 
Hasenclever and Mitchell,28 the biotyping system of Odds 
and Abbott , 3 5 3 6 the resistogram system of McCreight 
and Warnock,37 the killer system of Polonelli et al,38 and 
DNA restriction fragment analysis.39 Of these typing sys
tems, three have been applied extensively in investigation 
of the epidemiology of oral and vaginal candidiasis. The 
serologic method, which divides C albicans into two 
serogroups, group A and group B, is extremely limited in 
its ability to delineate strains of C albicans infection.29'31 

The biotyping system of Odds and Abbott35 utilizes a set 
of nine tests that together permit 512 potential biotypes of 
C albicans to be distinguished. These tests include acid 
and salt tolerance tests, proteinase production, two resis
tance tests, and four assimilation tests. Recently this sys
tem was expanded to include a total of 14 tests that allowed 
further delineation of C albicans strains and, in addition, 
subspeciation of C tropicalis and other species of Candida 
as well.36 Of the 512 potential biotypes that can be dis
tinguished with the nine-test battery, about 160 have so far 
been encoun t e r ed a m o n g pat ients with candidi
asis.6 2 9 , 3 1 , 3 6 The application of this typing system to the 
study of vaginal candidiasis has resulted in the following 
conclusions5,6,29: 

1) In general, a given patient carries the same biotype of 
C albicans at different sites (oral, rectal, vaginal) and at 
different times, regardless of symptomatology. 

2) Patients with recurrent disease are infected with the 
same biotype of C albicans at each recurrence. 

3) Most vaginal infections are endogenous. 
4) Venereal transmission of C albicans can occur. 

Warnock and co-workers7,31 ,37 used a resistogram 
method for strain differentiation and obtained results 
similar to those of Odds. The resistogram method is 
based on differences in resistance to five selected chemi-
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cals incorporated into agar media. The chemicals 
included in the most recent modification are sodium 
selenite, boric acid, cetrimide, sodium periodate, and 
silver nitrate. The method permits the discrimination of 
32 potential resistotypes of C albicans, each of which dif
fers from the other 31 resistotypes in its reaction to at least 
one of the five chemicals used. The method has been 
found to be reproduc ib le to within one test dif
ference.3137 

Polonelli and co-workers38 utilized killer factors for C 
albicans typing. Killer factors are toxins produced by cer
tain yeasts that kill other yeasts within the same genus or 
within other genera. The killer characteristic is deter
mined by a double stranded extranuclear RNA. Polonelli 
et al38 have selected eight Hansenula strains and one 
Pichia species for use in this system that theoretically 
permits 512 different strains of C albicans to be dis
tinguished. The method has been extended to differenti
ate strains of other species of Candida including C trop-
icalis, C parapsilosis, and C pseudotropicalis.40 Although 
promising, this method has not been widely applied in 
clinical or epidemiologic studies of Candida sppA29-31 

The application of DNA-typing methods to study strain 
variation and epidemiology of Candida spp is very promis
ing. This method has recently been described by Scherer 
and Stevens39 and relies on DNA extraction, digestion of 
the genomic DNA with restriction endonuclease, and 
electrophoresis, resulting in DNA of various restriction 
lengths producing, in a gel, unique patterns that are 
analogous to "fingerprints." Similar approaches have 
been successful in using plasmid, viral, or bacterial DNA 
patterns as epidemiologic tools. Scherer and Stevens39 

have described their initial results with this method and 
found that several Candida species could be separated into 
mutually exclusive groups and subgroups. The method 
was reproducible and relatively easy to perform. Many 
polymorphisms were noted. 

The findings described above provide a base for further 
epidemiologic studies using the various phenotypic and 
DNA-typing methods. Taken together, these findings 
suggest that 1) usable typing systems do exist that can 
reliably delineate strains of clinical C albicans isolates; 2) 
considerable diversity exists among C albicans, thereby 
making epidemiologic studies feasible; 3) C albicans can 
be passed from person to person; and 4) infection due to 
C albicans is usually of endogenous origin with the same 
strain colonizing several anatomic sites. Thus, it appears 
that the typing systems described above will be useful 
tools in studying the epidemiology of C albicans, and 
possibly other species of Candida, in immunocompro
mised patients, as well as those with vaginal candidiasis. 

The limitation of the studies cited above is that, for the 
most part, the study populations were limited to outpa
tients with oral or vaginal candidiasis. Studies of severely 
immunocompromised, hospitalized patients are clearly 
indicated and may provide additional insights into the 
epidemiology and pathogenesis of candidal infections. In 
a more recent study, Burnie, Odds and co-workers4 used 
biotyping, colony morphology, and serotyping to investi
gate an outbreak of systemic candidiasis in an intensive 
care unit. Using this approach, they found that one partic
ular strain of C albicans was capable of causing systemic 

candidiasis as a result of cross-infection between patients 
and staff. Control of the outbreak was dependent on 
identifying the causative strain and prevention of cross-
infection. They were able to demonstrate 1) an association 
between a specific biotype and v i ru lence ; 2) the 
usefulness of strain differentiation in the study of Candida 
colonization and infection in hospitalized patients; and 3) 
an exogenous source for candidal infection in severely ill 
patients. These data illustrate the practical utility of strain 
differentiation in nosocomial infection control efforts 
and, furthermore, suggest that differences in virulence 
may exist among clinical isolates of C albicans. 

Although the above studies provide some evidence for 
the diversity of Candida species as pathogens, the general 
concept still prevails of these organisms as extremely low 
virulence pathogens dependent entirely on the status of 
the host for their disease-causing potential.14,22-29 This 
concept of pathogenicity does not fully explain the ability 
of Candida spp to resist antifungal therapy,9 1 1 1 2 1 4 , 2 7 

evade the immune response,30 and invade such a diverse 
spectrum of anatomic si tes.1 3 Likewise, it does not 
explain why some immunosuppressed patients develop 
invasive infection while others who are equally immuno
suppressed and colonized with C albicans, do not become 
infected.22 Additional, carefully designed prospective 
studies of hospitalized patients are essential to provide 
new insight into the basis for such diverse biologic and 
pathologic behavior in C albicans and other species of 
Candida. The information gained from studies employing 
useful typing methods will result in improved methods of 
prevention, diagnosis, and therapy, as well as increased 
understanding of the pathogenesis of candidal infections 
in immunosuppressed patients. 
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