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Abstract : The antifungal susceptibility of Candida albicans isolated from 2 groups of Thai patients;
AIDS patients and non-AIDS patients was investigated. Two hundread and seventeen C. albicans were
isolated from the clinical specimens from 54 AIDS patients and 163 non AIDS patients. All isolates were
included in the antifungal susceptibility test against amphotericin B, fluconazole, ketoconazole and nystatin.
A hundred isolates were randomly selected from both groups for the electrophoretic karyotypes
determination.

There was not much difference in the value of MIC, MIC,, and MIC, of all antifungal
agents for C. albicans isolates between AIDS and non-AIDS patients. The amphotericin B MIC for 61.0%
of AIDS isolates and 71.0% of non-AIDS isolates were >0.5 mg/l, while ketoconazole MIC for 94.4% of
AIDS and 74.9% of non-AIDS isolates were >(.125 mg/l and fluconazole MIC of 100% of AIDS and non-
AIDS isolates were 2.0 mg/l. For nystatin, the MIC for more than 90% of both isolates was < 8 mg/l. The
MIC,, and MIC,, of all antifungal agents for the two groups of isolates were almost at the same concentration
except for fluconazole which showed a two-fold difference of MIC, .

The chromosomal DNA karyotypic profiles of C. albicans indicated genetic diversity
among all isolates. Twenty-three distinct pulsed-field gel electrophoresis karyotypes and molecular sizes
ranging from 3.5 to 0.5 megabases were identified. Most isolates (61%) from both AIDS and non-AIDS
isolates belong to types 1 and type 3. Among the AIDS isolates, 38.3% and 29.8% were type 1 and 3,
respectively, and non-AIDS isoltes, 20.8 % and 33.9% were type 1 and 3, respectively. C. albicans isolates
were shown to have 8 to 10 chromosomal DNA bands, Most of the isolates (78 %) along with C. albicans
FC18 control strain had 8 band patterns. The recovery of the common karyotypes in AIDS patients, as
well as in non-AIDS patients, suggests that C. albicans infection may develop from a common source by
the cross contamination between both groups of patients.

*Department of Microbiology, Faculty of Pharmaceutical Sciences, **Department of Microbiology, Faculty
of Medicine, Chulalongkorn University, Bangkek 10330, Thailand. ***Department of Microbiology, Faculty
of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700, Thailand.
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INTRODUCTION

Candida albicans is one of the most
common opportunistic pathogens causing
nosocomial infection in chronic illness patients and
immunocompromised, including HIV infected
patients>'>'%7 Increasing incidence of candida
infection common in AIDS patients, particularly C.
albicans, has been reported in many couniries
including Thailand (Yamazaki et al. 1999)
Barnerjee et al =4

Antifungal agents, including amphotericin
B, fluconazole, ketoconazole and nystatin, are widly
used in the treatment of fungal infections. At present,
there are still therapeutic problems in the use of these
antifungal agents such as amphotericin B, apart from
its side effect,

The long-term treatment in fungal infection
leads to the development of the resistant strains®,
Thus, there are still insufficient data on the antifungal
susceptibility. The reason is due to the difficulty in
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performing the susceptibility testing including time
consumption, reliabile method and cost. However,
there are many lest methods which have been
developed and provide the accurate results as
compared to the gold standard method recommended
by NCCLS.*%" Forepidemialogic study, there have
been no data of isolates from Thai patients despite of
the Tact that the increase of incidence of C. albicans
infection has grown steadily every year,™" At present,
the epidemiclogic study basically depends on the
chromosomal DMNA  pattern of C. albicans. The
pulsed-field gel electrophoresis (PFGE) technigue
has been wildly used and is acceptable in the
epidemiological study of various kinds of
prokaryotes and eukaryoles including yeast,

The purpose of this study was to obtain data
on the antifungal susceptibility to commonly used
antifungal agents and on the karyotyping of C.
albicans isolated from AIDS and non-AIDS groups
of Thai patients. The results obtained {rom this study
should provide helpful information for physicians
in both treatment and control of C. albicany
infections in Thai patients.

MATERIALS AND METHODS

Fungal strains

Of a total of two hundred and seventeen C.
albicans isolates, 54 isolates from AIDS patients and
163 isolates from non AIDS patients obtained from
Siriraj Hospital and King Chulalongkorn Memorial
Hospital were included in this study, The isolates
were identified by the standard microbiological
methods according to Warren NG and Shadomy HJ
1991" and confirmed for the species with the API
20C system (bioMerieux, Marcy, I'Etoile, France).
Susceptibility testing

AL 217 C. albicans isolates were deter-

mined for the minimal inhibitory concentrations
(MICs) against 4 antifungal agents including;
amphotericin B, ketoconazole, (luconazole and
nystatin by using the broth microdilution methods
(NCCLS, M-27A7" and the colorimetric broth
microdilution method,'
Karyotyping

One hundred C. albicans isolates were
selected at random [rom the 217 isolates for the

karyotyping study. These included 47 isolates from
AIDS patients and 53 isolates from non-AIDS
patients. The karyotyping of C. albicans was
performed according to modified methods described
by Schwartz etal. (1984)", Doi et al.? and Iwaguchi
etal," The C. albicans FC18, C. non albicans and
Saccharomyces cerevisine ATCC 9763 sirains were
used as the size reference markers.

Briefly, each tested strain was grown at
30°C in a sabouraud dextrose broth, Early stationary
phase cells were harvested, washed twice with 50
mM-sodium EDTA (pH 7.5), and resuspended in |
ml 50 mM-Tris/HCI (pH 7.5). The cell suspension
was lysed by enzyme solution in 50 mM Tris/HCI]
(pH 7.5). Then, the 1% (w/v) low-melting-point
agarose (Amresco) in 0.125 M-sodium EDTA (pH 7.5)
was added. After gentally mixing, the mixtrue of the
solution was poured into a mould chamber (Bio-Rad).
The solidified agarose plugs were incubated in 10
mM-Tris/HCI (pH 7.5) containing 235 mM-sodium
EDTA (pH 7.5) and 7.5% (v/v} 2-mercaptoethanol at
37'C for 18-24 h, then transferred o the agarose
plug into 10 mM-Tris/HC] (pH 8.3) containing 25
mM-sodium EDTA, 0.06% sodiuvm dodecy] sulphate
and 0,17 mg ml"! proteinase K (USB, USA.). The plug
was further incubated at 50°C for 18-24 hours and
stored in 50 mM-sodium EDTA (pH 9.0) at 4°C until
used. The chromosomal DNA was separated by
contour-clamped homogeneous electric field (CHEF)
electrophoresis in (L5 X TBE, as a running buffer
using the CHEF-DR 111 system (Bio-Rad) as described
by Chu et al. 1986 The running condition was as
follows : the buffer temperature was 14°C, switch
time was 300 = at 140V for 24 howrs and then switched
to 1,200 5 at 80V for 48 hours, The gels were stained
with ethidium bromide and destained with distilled
walter; then the chromosomal DNA was observed and
photograph under UV light (302 nm),

RESULT

The MIC values of antifungal agents

The results of antifungal susceptibility
testing are shown in Tables 1 and 2. For amphotericin
B, the MIC range was 0.125-1.0 mg/l, MIC for 71.
0% of the non-AIDS isolates was = 0.5 mg/L, while
the MIC for 61.0% of the AIDS isolates was > 0.5 mg/
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L. All 217 isolates were susceptible to fluoconazole
with a MIC valoe range of 0.5 - 2.0 mg/L. For
ketoconazole and nystatin, there was no difference
of MIC values between ALIDS and non-AIDS isolates
and the MIC ranges were 0.5 - 2.0 mg/l and 2.337 -
9.250 mg/l, respectively. The MIC of ketoconazole
for more than 90% of the isolates was > 0.125 mg/l
and of nystatin, < 8.0 mg/l.
Karyotypic Patterns (Chromosomal patterns)
Karyotypic patterns determined by the use
of pulsed-field gel electrophoresis (FFGE) based on
the molecular size and the number of bands are shown
in Table 3, Figures 1 and 2. The reference strains, C.
albicans FC18 , one clinical isolate of C. non afbicans
and 8. cerevisiae ATCC 9763 demonstrated 8, 6 and
4 chromosomal DNA bands, respectively. Among the
clinical isolates, there were 23 karyotypes which
could be divided into 3 groups according to the
number of DMNA bands which showed 8, 9 and 10
bands, respectively. The molecular size ranged from
3.5 to 0.5 megabase. The first and largest group
consisted of 78 out of 100 strains (TE%) and
demonstrated 8 DNA bands. In this group there were
7 karyotypes including type 1 (29 isolates) and type
3 (32 isolates) which were the most common Lypes,
Thirty six strains were isolated from AIDS patienls

and 42 strains isolated from non-AIDS patients, The
chromosomal pattern with 9 bands was classified as
the second group. There were 20 strains (20%:) in this
group; 10 strains were isolated from AIDS patients
and another 10 strains from non-AIDS patients. In
the third group, there were only 2 sirains which
showed chromosomal pattern with 10 bands. One was
an AIDS isolate and another was a non-AIDS isolate.

DISCUSSION

Since there are still a large number of HIV
infections in Thailand, a high incidence of
opportunistic infection by C. albicans is expected
it our country. The commonly used antifungal agents
are amphotericin B, azoles and nystatin,

Several antifungal susceptibility studics of
Candida species have been reported from many
countries, except for Thailand.®!719322830 Qe
problem in performing the test is the result
interpretation, that is, whether the test strain is
sensitive or resistant, Up until now, there is no definite
MIC breakpoeint for those commonly used antifungal
agetns, including amphotericin B, keloconazole and
nystatin,

Table 1. Antifungal susceptibility of Candida albicans isolaled from AIDS and non-AIDS patients.

Antifungal agent/number of AIDS/ MIC (mg/L)
Non-AIDS isolate (%)

Amphotericin B 0.125 .25 0.5 1.0
MNumber of AIDS isolates 6(11.1) 15 (27.7) 24 (44.4) 9(16.6)
Number of non-AIDS isolates 15(9.2) 32(19.6) 51(31.2}) 65 (39.8)

Fluoconazole 0.5 1.0 2.0 -
Number of AIDS isolates 3 (5.6) 30(55.5) 21 (38.9) :
Number of non-AIDS isolates (4.9 68 (42.3) 86 (52.7) -

Ketoconazole 0.125 0.25 0.5 1.0
Number of AIDS isolates 3{5.8) 35(64.8) 16 (29.6) 0
Number of non-AIDS isolates 41 (25.1) 98 (60.1) 23(14.1) 1 (0.6}

Mystatin 2337 4.675 9.250 -
Number of AIDS isolates 0 50{92.5) 4(7.4) -
Mumber of non-ATDS isolates B (4.0} 147 {90.1) B (4.9 -

* Interpretation breakpoint criteria of the NCCLS (M27-A, 1997) ; fluconazole resistant = > 64mg/l

MIC = minimal inhibitory concentration
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Table 2. MIC values of 4 antifungal agents for Candida albicans isolated from AIDS and non-AIDS patients.

Antifungal MIC (mg/L}
agents
AIDS patients (n=154) MNon-AIDS patients (n = 163)
Range M, MIC,, Range MIC,, MIC,,
Amphotericin B 0.125-1.0 (L3 1.0 0.125-1.0 0.5 1.0
Fluconazole 0.5-2.0 ] 2 0.5-2.0 2 2
Ketoconazole 0.125-1.0 0.25 0.5 0.125-1.0 0.25 0.5
Mystatin 2.337-8.250 4.675 4.675 2.337-9.250 4,675 4.675

Table 3. Karyotypic patierns of clinical Candida albicans isolates from AIDS and non-AIDS patients.

Pattern Band Mo. of isolates
Size (megabase) Number AIDS Non-AIDS Total
. albicans FC18 3.5,3.14,2.2, 1.8, 163, 14,113, 1.02 B
. non albicans 32,28,25 14, 1.2, 1.0 &
5 cerevisine ATCC 9763 2.2, 1.6, 1.2, 1.0, ...... <}
1 3531,24,18,16,14,1.2, 1.1 b 18 11 29
2 3534,24,18,16,14,12,1.1, 1.0 o 0 2 2
3 35,32,24,18,16,14,1.2, 1.1 8 14 18 32
4 35,34,24, 1.8, 1.6,1.4,1.2 1.1 & | 5 [§]
5 3.5,3022,20,18,1.6,1.4 1.2, 1.1 9 0 1 |
a 35,2623,1.6,14,13 1.1, 1.0 b 0 | ]
7 352623, 18,1614, 1.2, 1.1 8 l ] 2
b 38,35 31,22, 1.8, 1.6, 1.4, 1.1, 1.0, 0.5 [0 1 0 1
g 3.5,3.3,3.0,25 1.8, 16,14, 1.2, 1.1 9 1 2 3
10 35,2922, 1.8 16, 14, 12,11 B ] 3 7
11 35.3.1,2.6,1.8,1.6,1.4,1.2,1.1,0.8 9 ] 0 |
12 35.32.3.0,24,1.8,1.6,1.4,1.2,1.1 9 1 2 3
13 3.5,3.1,29,2.4,1.8, 1.6, 1.4, 1.2, 1.1 9 1 | 2
14 3.5,33,3.1,2.9,24, 1.8, 16 14,12 1.1 10 0 I 1
15 3.5,34,3.0,24,18.16,14,12, 1.1 9 0 1 |
16 3.5,3.0,22,20, 1.8 16,14, 1.1, 1.0 9 0 1 ]
17 35,3.1,28,24,1.8,1.6,14,1.2,1.1 9 1 0 ]
18 35,3225, 1.8.1.6,1.5,14,1.2,1.1 9 1 0 1
19 3.8,3523,20, 1816, 1.2, 1.1, 1.0 9 1 0 I
20 35,%31,25,23,1.8,16,1.4,12,1.1 Q | 0 I
21 3.7.3529.23,1.8,1.6 1.4, 1.2, L1 g 1 0 1
22 3.7.35,24,18, 1.6, 14,12, 1.1 b ] 0 1
23 3.5.3.1.24, 1.8, 1.6,1.5,1.4,1.2, 1.1 9 1 0 1
Tatal 47 53 100

C, Candida; 8, Saccharomyees
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Figure 1. Schematic diagram of pulsed-field gel electropharesis patterns (karyotypes : size and number of
bands) of chromosomal DNA of Candida albicans FC18, Saccharamyces cerevisiae and 23
karyotypes of clinical C.albicans isolates : (a) Calbicans FC18, S.cerevisiae, C. non albicans and
karvotype 1-11 of clincal C.albicans isolates, (b) C.albicans FC18, S.cerevisiae and karyotype 12-

23 of clinical C.albicans isolates,

For amphotericin B, many studies on MIC
have heen reported.”’* As mentioned above, no
definite breakpoint had been established until the
year 2001, Rex et al. (2001} had reviewed many
reports and commented that besides the MIC value
there were several factors invalved in the outcome of
the trestment of fungal infections such as patient’s
conditions and therapeutic doses. However, a

proposed breakpoint has been introduced for
guidance in the determination of amphotericin B and
ketoconazole™ which was > 0.5 mg/l. According to
the breakpoint, more than 60% of our isolates were
resistant (o amphetericin B, Marchetti et al. (2004)"
recently reported that most of the isolates from a
lertiary care hospital in Switzerland were
amphoetericin B sensitive. Because amphotericin B
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Fipure 2. Pulsed-field gel electrohoresis patterns of chromosomal DNA of Candida albicans FC18 (C),
Saccharomyces cevevisiae (8) and clinical isolates of C. albicans (number represents karyotype),

is still commonly used in many hospitals in Thailand,
further study, including drug resistant mechnism and
resistant gene transfer should be made in order 1o
find out why there were so many amphotericin B
resistant strains in Thailand,

Rex et al. (20017 also proposed that the
ketoconazole MIC breakpoint that isolates with the
MIC > 0,125 mgfl were less likely to respond 1o
treatment. According to our study, 90% of our isolates
should be interpreted as resistant to ketoconazole.
The use of these agents has already decreased.
Instead, fluconazole is now commonly used.

In this study, all isolates were determined as
fluconazole sensitive strains since the MIC was not
higher than 64 mg/l. For a clinical response, there
were several reports on clinical correlation between
fluconazole MIC and therapeutic dosage. Although
the recommended M27-A MIC hreakpoint was > 64
me/fl, Danaoui et al. (2001)" reported the failure of
using Muconazole 100 1o 200 mg per day in patients
infected by isolates with MIC > 48 mg/l. Cartledge
etal. (2001) also reported that infections due to the
isolates with MIC = 8 mg/l were unlikely to respond

o 100 mg of fluconazole per day. However, Revankar
et al. (2001 ¥ reported that with increasing doses of
fuconazole from 100 to as high as 800 mg per day as
needed, clinical failure occurred only when the MIC
of the isolate was > 64 mg/l. Differences in
Muconazole MIC values among the isolates were
continuously reported. For instance, Pfaller et al®
reported that the MIC, and MIC_ of fluconazole
were (.25 and 16 mg/l, respectively, while this study
and also the study by Bill et al.(2002)* showed that
the fluconazole MIC of the isolates was only 2
mg/l. Variation in the MIC values to some extent
depends on the time of specimen collection since
resistant strains could commonly be isolated from
the patients with long term treatment of the antifungal
agents. This reason was supported by the work of
Emmanuelle et al, (1995)" and Michael et al.(1993)"
who could isolate fluconazole resistant strains from
the patients who received long-term prophylactics
and prolonged or repeated treatment with flucona-
role before the microbiologic studies were performed.

There were not many susceptibility data of
nystatin. This may be due to the fact that nystatin is
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not absorbed and with this property it is vsed i the
form of topical application. However, Bill eval. (2002}
reported that the MIC range of nystatin for the isolates
in Kenya and Nairobi was 4-16 mg/l. Arikan et
al.(2002)' reported that the nystatin MIC range for
clinical 1solates was 0.5-2.0 mg/l. In contrast (o our
study, the nystatin MIC range of isolates was 2.337-
9250 mg/l. It seems like nystatin should be an
effective agent

The molecular study of chromosomal DNA
by using pusled-field gel electrophoresis showed the
number of chromosomal DNA bands detected from
C. albicans. Most of the strains (78%) had 8 DNA
bands including a control strain of C. albicans FC18.
Although the variation in the number of DNA bands
was ohserved, which were 9 and 10 bands, a small
number of strains were demonstrated. Actually
Candida is a diploid, mostly like an ancuploid cell,
and a variation of the number of bands is
unavoidable, The resulis were supported by the report
of Lupetti et al, (1995)" who also found that the 8-
band pattern was the predominate pattern of C.
albicans,

Epidemiologic study of C. albicany has
been reported by several investigators using PFGE.
At least 3 to 7 karyotypes had been reported.™7 In
addition, Lupetti et al. (1995)"7 showed that there
were 2 common karyotypes among the isolates from
AIDS and non-AlDS patients. One patient could
harbor more than one karotype®®®*! and cross
infection by one type was also reported." Amaong
the 100 iselates, 23 karyotypes were shown, There
were also 2 common karyotypes (designated as types
1 and 33 of the isolates obtained from AIDS and non-
AIDS groups. The finding was similar to the work of
Lupetti et al.'™ In a comparison between AIDS and
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