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We report transmission of an azole-resistant, isogenic strain of Candida albicans in a human immunodefi-
ciency virus (HIV)-infected family of two children with symptomatic oropharyngeal candidiasis and a mother
with asymptomatic colonization over a 5-year period. These findings were confirmed by three different molec-
ular epidemiology methods: interrepeat PCR, Southern hybridization with a C. albicans repetitive element 2
probe, and electrophoretic karyotyping. This study contributes to an evolving understanding of the mode of
transmission of C. albicans, particularly in children, and underscores the importance of monitoring specimens
from family members of HIV-infected patients.

Transmission of genetically indistinguishable strains of Can-
dida albicans between human immunodeficiency virus (HIV)-
infected adult partners has been reported previously (1, 3, 4–6,
18). However, little is known about the transmission of azole-
resistant C. albicans between children and within families (16).
We report the transmission of an isogenic C. albicans strain
within an HIV-infected family. All isolates were biotyped by
interrepeat PCR (IR-PCR), Southern blot hybridization with a
C. albicans repetitive element 2 (CARE-2) probe, and electro-
phoretic karyotyping (EK) in order to demonstrate the degree
of genetic relatedness.

(This work was presented in part at the 5th Candida and
Candidiasis Conference of the American Society for Microbi-
ology, 1999 [11].)

Two brothers and their mother were monitored in a pro-
spective study for 5 years in the Pediatric Oncology Branch of
the National Cancer Institute (Table 1). The brothers had
acquired HIV vertically and had a history of recurrent symp-
tomatic oropharyngeal candidiasis (OPC), which had been
treated with courses of clotrimazole (CLT), ketoconazole
(KTC), itraconazole (ITC), fluconazole (FLC), amphotericin
B (AMB), and cyclodextrin itraconazole (CD ITC). During the
5-year observation period, the mother was not treated for
asymptomatic colonization with antifungal agents. A total of 13
oral surveillance cultures from the oral mucosa were obtained
from the three patients between September 1993 and April
1998. Patient isolates were identified by the Clinical Microbi-
ology Laboratory of the Warren Grant Magnuson Clinical
Center of the National Institutes of Health. The 20C Analytic
Profile Index strip (Biomerieux, Marcy l’Etoile, France) was

used to identify C. albicans. Candida dubliniensis was distin-
guished from C. albicans by its differential growth at 42 and
45°C. All isolates were stored on potato dextrose agar (PDA)
at 270°C and tested for antifungal susceptibilities at a later
time. Stock solutions of AMB (Bristol-Myers Squibb, Prince-
ton, N.J.) and FLC (Pfizer, Groton, Conn.) were prepared by
using RPMI-1640 buffered with 0.165 M morpholinepropane-
sulfonic acid (MOPS) to pH 7.0 (BioWhittaker, Walkersville,
Md.). Polyethylene glycol 400 was used to solubilize ITC and
KTC (Janssen Pharmaceutica, Piscataway, N.J.). Serial twofold
dilutions were further performed with the appropriate diluent.
The final concentrations were 0.03 to 16 mg/ml for AMB, KTC,
and ITC and 0.125 to 64 mg/ml for FLC. Broth microdilution
testing was performed according to reference method M27-A
of the National Committee for Clinical Laboratory Standards
(Table 2) (12). All MICs at 24 and 48 h were determined at
least three times for each isolate.

Molecular biotyping of the Candida strains was performed
by using two DNA fingerprinting methods, IR-PCR and South-
ern hybridization with a CARE-2 probe, as well as EK. All
typing was repeated at least three times to ensure reproduc-
ibility. For the IR-PCR assay, genomic DNA from Candida
isolates was extracted with the DNeasy kit (Qiagen, Chats-
worth, Calif.). The oligonucleotide pair 1245 (59 AAGTAAG
TGACTGGGGTGAGCG 39) and 1246 (59 ATGTAAGCTC
CTGGGGATTCAC 39) was used under the following condi-
tions (21): a final amplification buffer of 6.25 mM MgCl2, 83
mM KCl, 16.7 mM Tris-HCl, 0.001% (wt/vol) gelatin, 1.33 mM
deoxynucleoside triphosphates (Boehringer Mannheim, India-
napolis, Ind.), 0.01 mg of each primer/ml, 1.25 U of Taq DNA
polymerase (Boehringer Mannheim), and 25 to 50 ng of
genomic DNA/ml. Amplification conditions were as follows:
95°C for 5 min, 95°C for 1 min, 25°C for 1 min, and 74°C for 2
min for 35 cycles, followed by 74°C for 5 min. Amplification
products were visualized on an ethidium bromide-stained 1.5%
agarose gel. For the CARE-2 analysis, genomic DNA was
extracted by using phenol-chloroform as described by Millon et
al. (10). A 954-bp CARE-2 fragment was amplified by PCR as
described previously (7). Ten micrograms of chromosomal
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DNA was digested with EcoRI, electrophoresed, and vacuum
blotted onto a nylon membrane (Pall, Portsmouth, England)
(17). After UV cross-linking, the filter was hybridized with 200
ng of enzyme chemiluminescence-labeled (ECL) (Amersham,
Braunschweig, Germany) CARE-2 DNA. Detection of the
chemiluminescent signal was performed according to the man-
ufacturer’s directions. DNA was extracted for EK from agar-
ose-embedded cells exposed to enzymatic digestion with minor
modifications as described previously (19), by using the Bio-
Rad (Hercules, Calif.) contour-clamped homogeneous electric
field (CHEF) DR-III device. DNA was run on a 0.9% SeaKem
Gold Agarose gel (FMC Bioproducts, Rockland, Maine). The
gel was run at 14°C and 4.5 V/cm with a 120° angle. Running
time was 36 h with a 60- to 300-s linear ramp (8). We analyzed
isolate 8621 as a standard control for IR-PCR, CARE-2, and
EK, and we analyzed four more unrelated clinical isolates
(9329, 4389, 1672, and 2771) of C. albicans as controls for
IR-PCR and CARE-2.

The isolates of C. albicans from both children demonstrated
resistance to FLC and ITC (Table 2). One Candida isolate

obtained from the mother was identified as C. albicans, with a
MIC profile similar to those for the isolates from the two
children, and the other isolate from the mother was character-
ized as a C. dubliniensis strain susceptible to FLC.

Molecular analysis of each isolate demonstrated that the
same azole-resistant isogenic strain of C. albicans was shared
among the two brothers and the mother. The three molecular
typing methods also clearly distinguished between isolates of
C. albicans and C. dubliniensis (Fig. 1 through 3). The separa-
tion of chromosomes in the EK demonstrated that within the
index strain of C. albicans there were three variants differing at
the level of chromosome rearrangement (Fig. 3). This chro-
mosomal rearrangement may be a form of microevolution un-
der antifungal azole pressure. As recommended by several

FIG. 1. (A) IR-PCR banding patterns generated from genomic DNA of patients’ isolates by using the primer pair 1245 and 1246. S1, sibling 1; S2, sibling 2; M,
mother; C, control lab isolate. (B) Distinct IR-PCR banding patterns generated from genomic DNA of unrelated clinical isolates of C. albicans: isolates 9329, 4389,
1672, and 2771. Each of these isolates was run in duplicate in parallel lanes (lanes A and B) to document the reproducibility of the gel pattern for each strain.

TABLE 1. Brief clinical profiles of family members
with azole-resistant C. albicans

Patient
Transmission

of HIV
infection

CD4
count

HIV
therapya OPC Antifungal

history

Sibling 1 Vertical ,800 3TC, ddI, D4T,
ritonavir

Chronic CLT, KTC,
FLC, AMB,
ITC

Sibling 2 Vertical ,100 AZT, ddI Chronic CLT, KTC,
FLC, AMB,
ITC, CD
ITC

Mother Horizontal 200 Nelfinavir, D4T,
nevirapine

None None

a 3TC, lamivudine; ddI, dideoxyinosine; D4T, didehydrodideoxythymidine;
AZT, zidovudine.

TABLE 2. MICs of antifungal compounds against Candida spp.
recovered from oral mucosa of family members

Source and
isolate no. Species Date of

isolationa

MIC (mg/ml) of:

KTC FLC ITC AMB

Sibling 1
4256 C. albicans 9/02/93 0.5 16 0.25 1
3961 C. albicans 2/26/94 0.5 64 .16 0.25
1378 C. albicans 3/8/95 1 64 1 0.125
7582 C. albicans 5/23/95 0.5 .64 2 0.125
2687 C. albicans 7/17/95 0.125 16 0.5 0.125
3312 C. albicans 7/08/96 0.5 64 16 0.125
6765 C. albicans 7/10/97 0.5 .64 4 0.125
3146 C. albicans 4/06/98 0.125 32 1 0.125

Sibling 2
4054 C. albicans 12/12/94 1 64 1 0.125
1379 C. albicans 3/8/95 0.125 64 1 0.125
7600 C. albicans 5/23/95 0.5 64 1 0.125

Mother
2823 C. albicans 7/17/95 0.125 64 0.5 0.5
3147 C. dubliniensis 4/6/98 #0.03 0.25 #0.03 #0.03

a Shown as month/day/year.
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investigators (2, 9, 13, 14, 20), we used other molecular meth-
ods to further determine the genotypic relatedness of these
variant isolates. The evidence from a combination of a PCR-
based method (IR-PCR) and Southern hybridization with
CARE-2 supports the hypothesis that these isolates are highly
related.

Azole-resistant OPC in HIV-infected patients develops after
long-term exposure to azoles (15, 22, 23). However, our find-
ings also reveal that transmission from symptomatic to asymp-
tomatic family members is possible and perhaps represents a
previously underappreciated factor in families with HIV infec-
tion, among whom more than one family member is at risk for

serious and chronic complications of OPC. Asymptomatic fam-
ily members, who have not received antifungal therapy, may
also be colonized with azole-resistant C. albicans. The mode of
transmission of azole-resistant C. albicans among siblings and
parents may be the exchange of contaminated fomites, which
commonly occurs in the sharing of food, utensils, and toys. The
acquisition of an azole-resistant strain of C. albicans by an
asymptomatic HIV-infected patient has important clinical im-
plications and may result in de novo presentation of OPC
refractory to initial azole therapy. The consequence is earlier
use of AMB, a more toxic and inconvenient treatment alter-
native. Other families with children suffering from immunode-

FIG. 2. (A) Southern hybridization of EcoRI-digested genomic DNA of patients’ isolates probed with a CARE-2 probe. S1, sibling 1; S2, sibling 2; M, mother; C,
control lab isolate. (B) Distinct CARE-2 probe banding patterns generated from genomic DNA of unrelated clinical isolates of C. albicans: isolates 9329, 4389, 1672,
and 2771. Each of these isolates was run in duplicate in parallel lanes (lanes A and B) to document the reproducibility of the gel pattern for each strain.

FIG. 3. Electrophoretic karyotypes of chromosomal DNA of patients’ isolates obtained by pulsed-field gel electrophoresis. S1, sibling 1; S2, sibling 2; M, mother;
C, control lab isolate. The banding pattern is similar for all isolates of the index strain. Note that there are three types of variants evidenced by alterations in
chromosomes.
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ficiencies such as severe combined immunodeficiency, Wiskott-
Aldrich syndrome, or chronic granulomatous disease carry
similar risks for intrafamilial transmission of azole-resistant C.
albicans and should be included in future infection control
programs.

We are grateful to Beatrice B. Magee and Paul T. Magee for the
discussion of chromosome variants.
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