Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 100(5): 483-490, August 2005 483

Value of morphotyping for the characterization of
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Until recently, morphotyping, a method evaluating fringe and surface characteristics of streak colonies grown
on malt agar, has been recommended as a simple and unexpensive typing method for Candida albicansisolates. The
discriminatory power and reproducibility of Hunter’s modified scheme of Phongpaichit's morphotyping has been
evaluated on 28 C. albicansisolates recovered fromthe oral cavity of asymptomatic human immunodeficiency virus-
positive subjects, and compared to two molecular typing methods: randomly amplified polymorphic DNA (RAPD)
fingerprinting, and contour clamped homogeneous electric field (CHEF) electrophoretic karyotyping. Morpho-
logical features of streak colonies allowed to distinguish 11 different morphotypes while RAPD fingerprinting
yielded 25 different patterns and CHEF electrophoresis recognized 9 karyotypes. The discriminatory power calcu-
lated with the formula of Hunter and Gaston was 0.780 for mor photyping, 0.984 for RAPD fingerprinting, and 0.630
for karyotyping. Reproducibility was tested using 43 serial isolates from 15 subjects (2 to 6 isolates per subject) and
by repeating the test after one year storage of the isolates. While genetic methods generally recognized a single type
for all serial isolates from each of the subjects studied, mor photyping detected strain variationsin five subjectsin the
absence of genetic confirmation. Poor reproducibility was demonstrated repeating morphotyping after one year
storage of the isolates since differencesin at least one character were detected in 92.9% of the strains.
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Although different species of Candida, such as C.
glabrata, C. tropicalis, C. krusei, and C. dubliniensis,
are at present recognized as increasing opportunistic
pathogens specially in human immunodeficiency virus
(H1V) infected individualsand AIDS patients, C. albicans
still remains the most common yeast isolated in humans
(Anaissie 1992, Bart-Delabesse et al. 1993, Coleman et al.
1998, Sullivan et a. 2004). The different species of Can-
dida can beidentified by commercially available biochemi-
cal tests, but the characterization of isolates is necessary
for epidemiological investigation and to ascertain if new
candidiasis episodes are caused by relapse or dueto rein-
fection. With thisaim, avariety of molecular typing tech-
niques has been used to distinguish Candida isolates,
including multilocus enzyme electrophoresis, electro-
phoretic karyotyping, total genomic DNA restriction analy-
sis, Southern blot hybridization with repetitive DNA
probes, and randomly amplified polymorphic DNA analy-
sissRAPD (Magee & Magee 1987, Bostock et al. 1993,
Schonian et al. 1993, Clemonset a. 1997, Pujol et al. 1997,
Taylor et al. 1999, Meyer et a. 2001).
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Electrophoretic karyotyping (EK) isawell-established
method for typing Candida spp. (Monod et al. 1990). In
particular, pulsed-field gel electrophoresis (PFGE) by con-
tour clamped homogeneous electric field (CHEF) of C.
albicansallowsto subdividethisspeciesin several karyo-
types (Magee & Magee 1987, Soll 2000) and to distin-
guish it from phenotypically close species like C. du-
bliniensis (Sullivan & Coleman 1998, Giammanco et al.
2000). EK has been used to characterize strains of C.
albicans responsible for recurrent oropharingeal can-
didiasis (Whelan et al. 1990, Schmid et al. 1992, Bart-
Delabesseet a. 1993, Pfaller et al. 1994, Lupetti et al. 1995)
and in epidemiological investigations to identify the
sources of hospital acquired C. albicans infections
(McNeil et al. 1999). Strain substitution or stable C.
albicans col onization can be demonstrated by this method
(Sangeorzan et a. 1994, Barton et al. 1995).

RAPD analysisor arbitrarily primed polymerase chain
reaction (AP-PCR) analysisistechnically simpler and of-
ten detects variation among Candida spp. isolates that
areinvariant with other typing methods (Taylor et al. 1999).
Theability of RAPD fingerprinting to produce consider-
able DNA polymorphisms in Candida species prompted
its application to the epidemiological analysis of related
strains (Robert et al. 1995, Gyanchandani et al. 1998, Soll
2000). Thereproducibility of RAPD analysishasbeenin-
vestigated by several authors (Tyler et al. 1997) and does
not represent a problem if the technique is standardized.
Unfortunately, molecular biology methods are often ex-
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pensive and technically demanding, and are not available
in many routineclinical |aboratories.

Conversely, phenotyping methods like auxonotyping,
enzimotyping, or resistotyping do not need specialized
equipment and are easy to perform. However, they all suf-
fer from poor discriminatory power (Otero et al. 1995).
Among phenotyping methods, Phongpaichit’s mor-
photyping (Phongpaichit et al. 1987), a method evaluat-
ing fringe and surface characteristics of streak colonies
grown on malt agar, has been shown in the past to have
good discriminatory capacity (Otero et a. 1995). Hunter
et al. (1989) modified thereading systemin order to achieve
better reproducibility and were able to relate strains of
proven virulence with adistinct morphotype. Thistest is
based on the evaluation of only four simple growth pa-
rameters such as fringe distribution, width, texture, and
streak surface topography of linear colonies. However,
concern has been expressed about the reproducibility of
such a scheme, as C. albicans has been shown to un-
dergo phenotypic switching (Slutsky et al. 1985). High-
frequency morphological variation not related to genomic
DNA fingerprinting results has been demonstrated in re-
current isolates of C. albicans (O’ Connell et al. 1995) and
in conjunction with antifungal typesateration (Maffei et
a.1997).

Until recently, morphotyping has been recommended
as asimple typing method to carry out in routine labora-
tories where other methods are impractical because of
contraints of resources (Khan et al. 2003, Liguori et al.
2004), but itsdiscriminatory power and reproducibility as
astrain marker needsto be compared to molecular typing
methods.

In the present study, a collection of unrelated clinical
strains of C. albicansisolated from the oral cavity of 28
HIV-positive subjects (one strain per subject) was used
in order to verify whether colony morphotyping accord-
ing to Hunter’s system (Hunter et a. 1989) could be a
valuabletyping method. Results have been compared with
karyotyping and RAPD fingerprinting. The discrimina-
tory power of the three typing methods was assessed
calculating the numerical Index of Discrimination (1D) pro-
posed by Hunter and Gaston (1988). Reproducibility was
tested using 43 serial oropharyngeal isolates obtained
from 15 asymptomatic HIV-positive subjects (2 to 6 iso-
lates per subject) who had not undergone therapy with
antimycotic drugs and were likely to harbour resident
strains. To assessthe stability of their morphological char-
acters, 14 serial isolates were re-tested for morphotyping
after one year storage in agar slants.

MATERIALS AND METHODS

Yeast strains- A collection of 28 clinical isolatesof C.
albicans was used for studying the discriminatory power
of the typing methods. The collection consisted of con-
secutive clinical isolates (one per patient) obtained from
oral swabs collected between January 1996 and Decem-
ber 1996 during one year of monitoring of HIV-positive
subjects and submitted to the laboratory of the Istituto di
Igiene e Medicina Preventiva of the University of Catania
(Catania, Italy). Fifteen of the subjects under study were
submitted to monthly oral sampling during the monitor-
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ing and atotal of 43 serial isolates (twoto six isolates per
subject) were obtained. Serial isolates were used to as-
sessthereproducibility of thetyping. During al the moni-
toring period the subjects were asymptomatic for can-
didiasis and other opportunistic infections and were not
treated with any antifungal drugs. Identification of iso-
lates to species level was performed by the API ID 32 C
system (BioMérieux, Marcy-I’ Etoile, France) and germ-
tube formation in human serum. Strains were stored in
Sabouraud agar slants for one year at room temperature
before being re-tested for morphotyping.

RAPD fingerprinting - The DNA extraction was per-
formed in accordance with Hoffman’sprotocol (1993). The
single repeat sequence (GACA), was used as primer in
the PCR experiments asdescribed by Schonian et d. (1993).
Briefly, 200 pM of each deoxinucleotide (Amersham
PharmaciaBiotech, Uppsala, Sweden), 16 pmol primer, 25
ng template DNA, 2.5 U Tag DNA polymerase (Perkin
Elmer Corp., Applied Biosystems, New Jersey, US), 10mM
Tris’HCI (pH 8.3), 50mM KCl, 1.5mM MgCl,, and 3mM
Mg-acetate were added to a 50 pl reaction volume. The
cycle parameterswere 33 cyclesof 20 sat 94°C, 1 min at
43°C, 20sat 72°C, followed by afinal extension cycleof 6
min at 72°C, performed on a Hybaid thermocycler
(Teddington Middlesex, UK). The RAPD products were
separated by electrophoresis through a 1.2% agarose gel
in0.5x TBE (89 mM Tris-borate, 2mM EDTA) buffer at 2
volts/cm for 16 h. The gels were stained with ethidium
bromide and photographed. Lambda phage DNA digested
with BStE Il was used for the DNA fragments size determi-
nation. The Taxotron software (Taxolab Software, Institut
Pasteur, Paris, France) compared the RAPD fingerprints
and adistance coefficient was cal cul ated using the comple-
ment of the Dice index. A dendrogram was drawn on the
basis of the distance matrix generated by the unweighted
pair group method of averages (UPGMA) algorithm.

EK - C. albicans DNA for EK was prepared according
toMonod et a. (1990). PFGE was performed in aCHEF-
DRI system (Bio-Rad Laboratories, Hercules, CA), us-
ing 0.8% Pulsed-Field-Certified Agarose (Bio-Rad L abo-
ratories) in TAE buffer (40 mM Tris-acetate; 1 mM EDTA,;
pH 8.2). Two program blocks were used. For block one,
switch time was 120 s and run time 24 h. For block two,
switchtimewas 240 sand run time 36 h. Anglewasfixed at
106°, gradient at 3.5 volts/cm, and temperature at 13°C.
Intact chromosomes from Saccharomyces cerevisiae
strain Y PH80 were used as mol ecular weight markers. Gels
were stained in ethidium bromide. Gel imageswere elec-
tronically captured and karyotypes were analyzed by the
Taxotron software (Taxolab Software, Institut Pasteur,
Paris, France) asalready described for RAPD fingerprints.

Morphotyping - Yeast cell suspensionswere prepared
and inoculated in duplicate on malt agar according to the
method described by Phongpaichit et al. (1987). After in-
cubation for 10 days at 28°C in the dark, morphological
features of streak colonieswere examined and each strain
was assigned to a morphotype using the simplified four
numbers code described by Hunter et al. (1989) based on
fringe distribution, width, texture, and streak surface to-
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pography. The characters used to produce the mor-
photyping code are resumed in Table I. Morphotyping
was repeated using the same protocol after one year stor-
age of the strains in Sabouraud agar tubes.

Evaluation of the discriminatory power - In order to
assess the discriminatory power of RAPD, karyotyping
and morphotyping for the typing of C. albicansisolates,
the numerical index of discrimination (ID) proposed by
Hunter and Gaston (1988) has been calculated. ThisIndex
is based on the Simpson’s index of diversity and is the
result of the following equation:

S
ID=1-[2/N(N-2)] Znj(nj-1)
=1
where N is the total number of examined strains, sisthe
total number of types described, and nj is the number of
strains belonging to the jth type.

RESULTS

Overall, the C. albicans isolates were indistinguish-
able by classical biochemical methods sincethey showed
the same substrate assimilation profile corresponding to
theAPI 1D 32C code 734 734 00 15. Morphotyping, karyo-
typing and RAPD fingerprinting analysis results are re-
sumedinTablell.

Analysis of the 28 isolates using RAPD fingerprint-
ing with primer (GACA),, originated 25 different amplifica-
tion patterns (from R1 to R25) showing nineto 17 frag-
ments of various intensity and ranging between 0.96 and
5.58kbpinsize(Figs1, 2). Software analysisdemonstrated
that almost all the patients presented a specific RAPD
profile. Only R2 pattern was shared by four patients.
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EK swere determined by software analysis of the elec-
trophoretic patterns revealing five to seven bands of dif-
ferent size. On the basis of the number and migration dis-
tances of DNA bands, nine different karyotypes (A toI)
were recognized among the 28 isolates (Fig. 3). Type B
karyotype was the most frequent (17 out of 28 isolates,
60.7%), followed by type A (three isolates), type D (two
isolates), and typesC, E, F, G, H, and | (oneisolate each).

Eleven different morphotypes could be identified us-
ing the abbreviated code proposed by Hunter et al. (1989).
Morphotype code 000 0 was the most common (13 out of
28 isolates, 46.4 %), followed by 2240, 234 0, 5240, 7340,
and 754 0 (two isolates each). Five other morphotypes
(codes: 1240, 324 0,534 0, 753 0, and 754 6) were repre-
sented by one isolate each.

Thediscriminatory power of RAPD fingerprinting with
primer (GACA), calculated with the formula of Hunter
and Gaston (1988) was0.984. The D waslower for karyo-
typing (0.630) and for morphotyping (0.780), with the larger
typing cluster constituting 60.7% and 46.4% of the iso-
lates, respectively (Tablelll). In both cases|Dswerelower
than the minimal index of 0.90 preconized as adesirable
limit for resultsto be interpreted with confidence.

Results of the reproducibility test performed on serial
isolates from 15 subjects are resumed in Table I1V. With
both RAPD fingerprinting and karyotyping, 41 isolates
from 14 out of 15 subjects showed persistence of the same
typethroughout all of the monitoring period. Only in one
subject (subject 8) the second isolate differed from the
first one by all of the three typing methods suggesting a
replacement of theresident strainin the oral cavity of the
subject. Changesin the morphotyping codes of serial iso-
lates that were not in agreement with the results of

TABLE |
Four digit morphotyping coding according to Hunter et al. (1989)

Feature Code

Description

Fringe

Distribution Absent

Discontinuous: < 20% of margin

Discontinuous: 20-50% of margin

Discontinuous: 50-90% of margin

Continuous at periphery only or strands conspicuously fan shaped

Continuous; filamentous outgrowths parallel

Absent
<2mm
3-5mm
>6mm

Absent

Very coarse
Coarse
Intermediate
Fine

Smooth

Nodular

Pitted

Crateriform

Crateriform plus wrinkles or folds
Wrinklesor folds

Hairy

Width

Texture

Streak surface topography

OOOOUOTEANFPO AWNFPO UOTWONO NOITWNEFO
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genotyping were detected in six subjects. In subject 15
three different morphotyping codeswerefound in the four
genetically stableisolates collected over the four months
monitoring. Two numerical codes (000 6 and 134 0) that
had not been encountered while typing the first 28 iso-
lates were observed in serial isolates, bringing to 13 the
total number of morphotypes encountered in this study.
Fourteen serial isolatesfrom six subjectswerere-tested
for morphotyping after one year storage in Sabouraud
agar tubes. Thirteen of the isolates (92.9%) showed at
least one differencein their morphotyping code after stor-
age and six isolates differed for three or four figures.

TABLE I
Morphotypes, karyotypes, and randomly amplified
polymorphic DNA (RAPD) fingerprinting typing for 28
clinical isolates of Candida albicans

Morphotype  Nr of
code? isolates Karyotype (n) RAPD type (n)
0000 13 A R1
B (8) R2 (4)
R4
R7
R8
R25
C R3
D R5
G R13
| R23
1240 B R21
2240 2 B(2) R17
R19
2340 2 D R18
H R20
3240 A R6
5240 2 B(2) R10
R15
5340 E R9
7340 2 B R14
F R12
7530 A R16
7540 2 B (2 R22
R24
754 6 1 B R11

a: based on fringe distribution, width, texture, and streak surface
topography (Hunter et al. 1989).
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DISCUSSION

Theavailability of anumber of unrelated clinical iso-
lates recovered during several months from the oral cav-
ity of HIV-seropositive subjects gave us the opportunity
to evaluate the usefulness of colony morphotyping on
malt agar according to Hunter’s scheme as an epidemio-
logical typing method for C. albicans, by comparing this
phenotypic typing method with DNA-based typing meth-
ods such asRAPD fingerprinting and karyotyping for the
ability to discriminate among isol ates.

Morphotyping is extremely simple and cheap to per-
form, requiring only malt agar plates. Moreover, special
morphological markers, like discontinuous fringes, have
been found to be associated with virulent strains and an
increased risk of death in the case of deep infection
(Hunter et al. 1989). Unfortunately, reproducibility of typ-
ing schemes based on colony morphology has aready
been reported to be affected by phenotypic variation
(Slutsky et al. 1985), but a better in vitro reproducibility
has been claimed for Hunter’s scheme (Hunter et al. 1989,
Oteroet al. 1995). Hunter’s scheme clusters Phongpaichit's
morphotypesin alower number, simplifying plates read-
ing.

In our hands, the discriminatory capacity of this
method, though lower than the 0.90 1D limit for resultsto
be interpreted with confidence, was good compared to
karyotyping. In fact, EK revealed a moderate variety of
patterns among the isolates from different subjects. On
the contrary, RAPD fingerprinting with the primer
(GACA), showed aspecific RAPD profilefor each of the
patients with the exception of a cluster of four isolates
which produced identical patterns. Although we had no
evidence of theseisolatesbeing epidemiologically linked,
they were indistinguishable by all of the three typing
methods used, since they also shared the same morpho-
type and karyotype.

Serial isolates belonging to the same subject which
werelikely to be the same strain have been used to assess
reproducibility of typing results.

Reproducibility of the two genotyping methods was
excellent, sincefor al but one patient they both assigned
toasingle type all of the serial isolates. On the contrary,
in 6 out of 15 subjectswith multipleisol ates morphotypes
variation not in agreement with genotyping were detected.
Insubject nr 15 four genotypically identical serial isolates
yielded three different morphotype codes, with the last
isolate recovering the parental code. Poor reproducibility
of morphotyping had already been signalled when recur-
rent isolates of C. albicans had been studied (O’ Connell

TABLE I
Index of discrimination (ID) 2 of typing methods used to discriminate among 28 Candida albicans strains

Typing method Nr of types Size (% of strainsin largest cluster) ID

RAPD fingerprinting 25 14.3 0.984
Morphotyping 11 46.4 0.780
Karyotyping 9 60.7 0.630

a: according to Hunter and Gaston (1988).
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Fig. 1. dendrogram showing the genetic distance of the 25 (R1-R25) randomly amplified polymorphic DNA patterns obtained in this study
with the primer (GACA),. The distance matrix was generated by using the complement of Dice similarity coefficient and the unweighted

pair group method of averages (UPGMA) algorithm.
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Fig. 2: randomly amplified polymorphic DNA patterns obtained
with the primer (GACA), for some of the Candida albicans iso-
lates. Lanes - L: molecular weight marker (Lambda phage DNA -
BstEll digested); 1: R5 pattern; 2: R7 pattern; 3: R9 pattern; 4: R1
pattern; 5: R2 pattern; 6: R8 pattern.

et al. 1995, Maffei et a. 1997) and phenotypic switching
had been ascribed to selective pressure due to antifungal
therapy (Maffei et al. 1997, Takasuka et a. 1998). In our
study, phenotypic switching affecting morphological char-
actersof colonies seemsto have occurred even if none of
our patients had been submitted to antifungal therapy.

A further reproducibility test performed after one year
of storage in Sabouraud agar tubes revealed that all but
one of fourteen serial isolatesfrom six subjects showed at
least one changein their morphotyping code. Differences
inenvironmental conditionssuch aspH havealready been
demonstrated to affect the expression of several genesin
C. albicans (DeBernardiset a. 1998). Therefore, growth
conditions and time of harvesting, as well as modifica-
tionsintheora cavity environment, can compromisethe
reproducibility of biotyping methods such as mor-
photyping.

In conclusion, despite its good discriminatory capac-
ity, low cost and ease of use, morphotyping is affected by
low reproducibility. Reliability of thismethod in grouping
isolates of C. albicans can not be guaranteed due to the
risk of isolates exhibiting phenotypic switching. There-
fore, we do not agree with the recommendation to use it
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inroutine epidemiological investigations (Khan et al. 2003).

In accordance with previous reports (Bostock et al.
1993, Schonian et al. 1993, Holmberg & Feroze 1996,
Clemonset al. 1997, Pujol et a. 1997), RAPD analysiscon-
firmed to be highly discriminatory and suitable for large-
scale epidemiological studiesof C. albicansaswell asfor
inquiries in epidemic outbreaks. In laboratories not

equipped for molecular methods, isolates should be sent
to reference laboratoriesfor epidemiological studies.

Persistence of the same RAPD patterns in the serial
isolatesfrom oral cavitiesof several subjects, asobserved
in the present study, indicates that the same strain can be
maintained for along timein asymptomatic HIV-positive
subjects.

TABLE IV

Randomly amplified polymorphic DNA (RAPD) fingerprinting patterns, karyotypes and morphotypes,
of Candida albicans serial isolates

Date of isolation Morphotype Morphotype code
Subject Isolate (day.mo.yr) Karyotype RAPD code after 1 year storage
6 A 24.01.96 B R4 0000
B 19.06.96 B R4 0000
7 A 16.09.96 B R2 0000
B 02.10.96 B R2 0000
8 D 28.06.96 A R6 3240 7540
C 28.12.96 C R5 5240 7540
10 A 10.01.96 D R5 0000
B 03.05.96 D R5 0000
C 12.07.96 D R5 000 6
11 A 16.01.96 B R8 0000
B 21.02.96 B R8 0000
C 19.03.96 B R8 0000
D 28.06.96 B R8 0000
E 16.11.96 B R8 0000
F 16.12.96 B R8 0000
12 A 31.01.96 E R9 5340 7536
B 08.05.96 E R9 7540 7522
13 A 10.01.96 B R10 5240
B 28.06.96 B R10 5240
C 28.12.96 B R10 5240
14 A 16.01.96 B R11 754 6
B 15.05.96 B R11 754 6
C 18.12.96 B R11 754 6
15 A 19.06.96 F R12 7340
B 02.10.96 F R12 0000
C 24.07.96 F R12 1340
D 31.10.96 F R12 7340
16 A 17.07.96 G R13 0000 7340
B 27.12.96 G R13 7340 7540
17 A 05.07.96 B R14 7340 3340
B 08.12.96 B R14 7340 7540
18 A 16.01.96 B R15 5240
B 05.07.96 B R15 5240
C 31.10.96 B R15 5240
23 A 31.01.96 H R20 2340 7530
B 21.02.96 H R20 7540 Unchanged
C 28.06.96 H R20 2340
D 27.12.96 H R20 2340 7342
24 A 21.06.96 B R21 1240 5520
B 02.08.96 B R21 1240 0000
C 09.10.96 B R21 2240 7520
27 A 27.01.96 B R24 7540
B 01.03.96 B R24 7540
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Fig. 3: images of agarose gel migrations and dendrogram showing the genetic distance of the nine (A-1) electrophoretic karyotyping (EK)
patterns obtained in this study. The distance matrix was generated by using the complement of Dice similarity coefficient and the

unweighted pair group method of averages (UPGMA) algorithm.
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