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Abstract
Purpose: The combination of an immature immune system and

suppressed cellular immunity in children with HIV infections pro-
vides optimal conditions for rapid disease progression. As a result,
pediatric AIDS has become a major epidemiological challenge.
Oral fungal colonization remains one of the most common oppor-
tunistic infections observed in both adult and pediatric HIV
infected patients. Although Candida albicans is the most frequently
isolated opportunistic fungal species, a recently characterized Can-
dida species, C. dubliniensis, has gained considerable attention due
to its almost exclusive association with HIV-seropositive individu-
als. The purpose of this study was to prospectively screen for the
presence of C. dubliniensis among pediatric HIV+ patients.

Methods: Oral samples taken from twenty-seven children were
cultured for the presence of yeast. All positive yeast isolates obtained
were screened for the presence of C. dubliniensis by use of tests for
germ tube and chlamydospore production, detection of inability
to grow at 45°C, by colony color on CHROMagar Candida me-
dium, coaggregation with Fusobacterium nucleatum ATCC
49256 and by the results of sugar assimilation testing with the API
20C AUX yeast identification system.

Results: Among the 27 patients tested, 3 patients were found
to harbor C. dubliniensis, one of which also grew C. glabrata; 12
patients were colonized with C. albicans, while the remaining 12
patients were negative for yeast. Identification of the three C.
dubliniensis isolates was genetically confirmed by electrophoretic
karyotyping. All three C. dubliniensis isolates were found to be
susceptible to fluconazole (MIC≤0.25ug/ml).

Conclusions: These results confirm the presence of this novel
species in a dental pediatric HIV seropositive population and sup-
port the need for further investigation into the prevalence and
pathogenesis of C. dubliniensis. (Pediatr Dent 22:234-238, 2000)

Pediatric AIDS has become a major epidemiological chal-
lenge, as the scope of the disease continues to increase
in magnitude.  Among the various manifestations of

AIDS in this immunologically immature and compromised
population, the relentless onslaught of diverse opportunistic in-
fections remains the most devastating.  Although normal
healthy children experience oral candidiasis to some degree23,

in HIV-infected populations, oral candidiasis ranks high in
terms of incidence, with its prevalence comparable in both
children and adult HIV-infected populations. In recent years,
interest has shifted from C. albicans, the species long consid-
ered most pathogenic among the opportunistic fungi, to several
of the less commonly isolated pathogenic species, namely C.
krusei, C. glabrata and C. dubliniensis.1-3 Since its initial char-
acterization in 1995, C. dubliniensis, in particular, has attracted
considerable attention as a newly emerging pathogen, mainly
because it has been isolated almost exclusively from HIV-posi-
tive and AIDS individuals.3, 4-10, 29

Although extremely similar to C. albicans in many of its
phenotypic characteristics such as germ tube formation and
chlamydospore production, C. dubliniensis can be differenti-
ated from C. albicans by its inability to grow at 45°C,
production of characteristic colony color on chromogenic
media and by typical sugar assimilation profiles. Despite the
close resemblance between C. dubliniensis and C. albicans, on-
going characterization of C. dubliniensis is revealing differences
that may allow this novel species to be potentially more patho-
genic than its closest relative.13  In addition, unlike C. albicans,
C. dubliniensis was found to rapidly develop stable resistance
to fluconazole in vitro11,12 and to have significantly higher lev-
els of proteinase activity,6 a property considered a virulence
factor in fungi.

Recent studies comparing the interactive ability of the two
Candida species with other oral microorganisms, showed that
C. dubliniensis was able to coaggregate in vitro, with the anaero-
bic oral bacteria Fusobacterium nucleatum, when grown at 37°C,
whereas C. albicans failed to do so when grown at the same
temperature.13  This intergeneric coaggregation between C.
dubliniensis and F. nucleatum may give this species a greater
ecological advantage in allowing enhanced colonization of the
oral cavity besides allowing a rapid means of clinical identifi-
cation.

To date, no studies have evaluated the presence of this spe-
cies in the pediatric HIV-infected population. The following
study aimed to screen for the presence of C. dubliniensis in the
oral cavities of pediatric HIV-seropositive dental patients.
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Materials and methods

Patient population

Twenty-seven pediatric HIV-seropositive patients managed at
the University of Maryland Dental School, were evaluated for
the presence of C. dubliniensis. Although culturing for poten-
tial fungal colonization maybe part of normal dental care,
informed consent was obtained from the parents or legal guard-
ians of each child participating in this study.  Of those pediatric
patients sampled, 68% were females and 32% were males, with
an age range of 26 months to 13 years. For isolation of Can-
dida species oral samples were obtained from the mid-dorsum
of the tongue with a sterile swab, streaked on Sabouraud
dextrose agar (SDA; Difco Laboratories, Detroit, MI) plates
and incubated at 37oC for 48 to 72 h. Colonies growing on
original cultures were tested for germ tube formation, chlamy-
dospore production and ability to grow at 45°C.

Yeast identification

Isolated yeast colonies were streaked on TOC agar (Tween 80-
oxgall-caffeic acid; REMEL, Lenexa, KS), and plates were
incubated at 37oC for 3 h for evaluation of germ tube forma-
tion, followed by incubation at room temperature for 2 to 3
days in the dark, to promote the production of chlamydospores,
hyphae and pseudohyphae. Germ tube and chlamydospore
production was observed using phase contrast light microscopy.

Isolates that met these initial criteria were then plated on a
chromogenic differential medium and incubated at 37oC for
48 h. The isolates were further characterized for substrate as-
similation profiles using the API 20C system (bioMerieux
Vitek, Inc., Hazelwood, MO).

CoAg Assay

Isolates were grown at 37°C for 24 h on SDA and 10% yeast
suspensions were prepared in CoAg buffer as described previ-

ously. 13 The CoAg ability of the 3 C. dubliniensis isolates with
the anaerobic oral bacteria F. nucleatum ATCC 49256 was
tested by mixing aliquot of yeast suspension with bacterial sus-
pension and checked visually for coaggregation. Candida
dubliniensis type strain CD36 and C. albicans ATCC 18804
were used as positive and negative controls, respectively.

Electrophoretic Karyotyping (EK)

All isolates meeting the phenotypic criteria of C. dubliniensis,
along with C. albicans ATTC 18804 and C. dubliniensis CD36
as controls, were subjected to electrophoretic karyotyping of
intact chromosomal DNA using pulsed-field gel electrophore-
sis. Intact yeast DNA was prepared according to the method
of King et al. 14 as described previously.10

Fluconazole susceptibility testing

A broth macrodilution susceptibility assay was carried out ac-
cording to the method outlined in The National Committee
for Clinical Laboratory Standards (NCCLS) M27-A reference
method.15  The MIC value at 48 h was used to determine re-
sistance or susceptibility.  Interpretation of results was
performed according to the guidelines of Rex et al.,16  as fol-
lows: an MIC at 48 h of <8 ug/ml = susceptible, an MIC of
16-32 ug/ml, dose-dependent susceptible; and an MIC >64 ug/
ml, resistant. 15-17

Results

Phenotypic characterization

Of the 27 yeast isolates from HIV-seropositive pediatric pa-
tients obtained by culture of clinical specimens, 3 isolates grew
well at 37°C but failed to grow at 45°C on SDA whereas C.
albicans ATTC 18804 grew equally well at both temperatures.
These 3 isolates were confirmed to be germ tube positive and
to produce abundant chlamydospores with the characteristic

Fig 1. Phase-contrast micrographs showing chlamydospore production on TOC agar plates incubated at 25oC for 48
hours. (A)Chlamydospores and pseudohyphae produced by C. albicans ATCC 18804; (B) typical production of
abundant chlamydospores by the C. dubliniensis isolates in our study; the terminal pairs arrangement is shown.
Magnifications, X320.
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triplet or pair arrangement at the end of short, hyperbranching
hyphae. The C. albicans reference strains also produced germ
tubes but fewer, single chlamydospores on longer hyphae (see
Fig 1 for typical patterns for patient isolates compared to C.
albicans strain).  The color of the colonies from the three pa-
tient isolates grown on CHROMagar Candida medium was
comparable to the characteristic dark green of C. dubliniensis
type strain CD36, unlike the blue-green colonies formed by
C. albicans ATCC 18804 colonies, used as a control. The sugar-
assimilation profiles obtained for the three isolates with the API
20C AUX yeast identification systems were typical of C.
dubliniensis.

CoAg Assay

Visual coaggregation was observed with the three presumptive
C. dubliniensis (37°C-grown) patient isolates showing a 4+ re-
action with F. nucleatum, whereas no coaggregation occurred
with the 37°C-grown C. albicans ATCC strain.13

Electrophoretic karyotype analysis

Eight to nine DNA bands ranging from ~1.9 Mb to <1 Mb
were separated by the pulsed-field gel electrophoresis procedure
applied to the three isolates of presumptive C. dubliniensis and
reference strain CD36. Electrophoretic karyotyping patterns
for all of the three suspected C. dubliniensis isolates revealed
the presence of a chromosome-sized band of size <1 Mb.10  This
band was not seen in the seven bands (>1 Mb) observed with
the ATCC C. albicans reference strain.

Fluconazole susceptibility testing

The results of fluconazole susceptibility testing for the three
isolates presumptively identified as C. dubliniensis showed that
all three isolates were sensitive with MIC <0.25 ug/ml.

Characteristics of the patients positive for C. dubliniensis.

As part of the normal protocol for initial evaluation of HIV+
pediatric patients entering the dental program at the Univer-
sity of Maryland Dental School 27 consecutive patients were
evaluated with fungal surveillance cultures.  Of these 27 pa-
tients, 3 patients were found to be harboring Candida
dubliniensis.

Case #1 was a 5-year 2-month old female positive with HIV
since soon after birth.  Her current CDC classification was C3
with severe immunosuppression. While the viral load was
greater than 10,000 at the time of the oral surveillance culture,
CD4 count was within the range of normal at approximately
1,000 cells.  No history or record of candidiasis was noted in
the patient’s medical work up.  The mother was a previous
intravenous drug abuser and was deceased soon after the child’s
birth. The child was born with signs of addiction.  The patient
was currently on a nucleoside analog, a protease inhibitor and
a nonnucleoside analog.  The mother had had a previous his-
tory of  oropharyngeal  candidiasis and had been treated with
fluconazole although the child never had a documented epi-
sode.

Case #2 is a 10- year 5- month old female with a positive
diagnosis of HIV at approximately 9 months of age.  One
brother also had a positive history of HIV.  The patient was
also CDC class C3 with severe immunosuppression.  Viral load

was in the undetectable range and the CD4 count was currently
646.  The patient was on triple drug combination therapy
including a protease inhibitor, nucleoside analog and a
nonnucleoside drug. The brother with whom the child lived
had been diagnosed with oropharyngeal candidiasis and was
treated routinely with fluconazole. The patient had no current
or past history of fungal colonization.  The mother was deceased
and the child was living in a foster home with her brother.

Case #3 is a 6-year 6-month old male diagnosed soon after
birth as being HIV+.  Current CDC classification was C3 with
severe immunosuppression. Viral load was greater than
250,000.  CD4 count was 115.  The patient was currently on
antibiotics including  dapsone and anti-retrovirals including 2
nucleoside analogs, 2 nonnucleoside analogs and a protease
inhibitor.  In addition the patient was on prednisone and
clotrimazole for treatment of chronic oral and esophageal fun-
gal infections, as evidenced by patchy pseudomembranous and
erythematous oral lesions. The patient had previously been
treated in 1995 and 1996 with fluconazole and was considered
to be a chronic carrier of fungus.  The mother was deceased
and the child was living in foster care.

Discussion
In this study, the presence of Candida species with character-
istics consistent with those of C. dubliniensis was observed in
three HIV-seropositive pediatric dental patients with various
manifestations of AIDS. Overall oral health status of these
patients was poor. Cultures from the 3 patients varied in
amount of fungal growth, from light to medium pure growth
of C. dubliniensis to mixed heavy growth of C. dubliniensis with
other Candida species. In this investigation, C. dubliniensis, was
identified by cultural methods, germ tube and chlamydospore
production, lack of growth at 45°C and CoAg assay. In addi-
tion, the API 20C sugar assimilation profiles were consistent
with C. dubliniensis and finally the EK, with a small molecular
weight chromosome, provided a profile consistent with the C.
dubliniensis reference strain. Although the three patient isolates
were found to be susceptible to fluconazole, studies showed that
fluconazole resistance occurs in C. dubliniensis clinical isolates
and that C. dubliniensis is capable of rapidly developing stable
fluconazole resistance in vitro.11,12  It could be postulated, there-
fore, that C. dubliniensis, may emerge as a resistant organism
when C. albicans is treated successfully with fluconazole.

Among the many manifestations of AIDS, oral candidiasis
often remains the initial clinical marker of the disease and a
predictor of further opportunistic infections.18  Similarly in
children, oral candidiasis has been strongly associated with
decreasing CD4 counts and hence is considered an AIDS de-
fining illness, prognostic of short term survival.19-21 Children
with HIV, however, present an unfortunate situation that pre-
disposes them to a variety of opportunistic infectious diseases
that often take on a more rapid and progressive form.22  Re-
ports have estimated that 2% of HIV-infected individuals in
the United States and 15-20% of the cases in developing coun-
tries, are children under the age of 15,23 with fungal colonization
ranging from 26% to 72% in prevalence.23-25     Although most
children experience oral candidiasis to some degree during the
first six months after birth, in HIV- infected children, candidi-
asis is more persistent, more severe and more difficult to treat
with occurrences well past infancy.23, 26
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Oral candidiasis takes on many forms such as, acute
pseudomembranous, chronic atrophic or hypertrophic,
erythematous, hyperplastic or angular cheilitis. Although the
gross appearance of pseudomembranous candidiasis is readily
identifiable by the white plaques, it is often difficult to differ-
entiate some of the other oral lesions that may resemble any
number of conditions.

In addition, pharyngeal candidiasis, a more serious condi-
tion, may not be readily visible or accessible and may be
overlooked upon clinical examination.  Recently, a case report
implicated C. dubliniensis as a pathogen in linear gingival
erythema in a pediatric HIV-seropositive individual, while
another report clinically documented two cases of
C. dubliniensis candidemia in two pediatric patients with
chemotherapy-induced neutropenia and bone marrow trans-
plantation.27,28  Since confirmation of the diagnosis of
candidiasis requires at least cytologic testing, it is suspected that
the prevalence of candidiasis in children may be considerably
under reported. Due to the importance of candidiasis in de-
fining AIDS, it is imperative to look carefully for indications
of the presence of candidal infection and research into which
forms of candidiasis are more often encountered in HIV+ chil-
dren is warranted.

The future is uncertain for HIV+ individuals. Advances in
understanding candidiasis can provide some understanding of
the pathogenesis and virulence in immunocompromised popu-
lation and the effect of antifungal therapy. As HIV-infected
children benefit from advances in antiviral therapy, so too may
they benefit from reduction in the prevalence of candidiasis.

 These 3 cases raise several questions regarding the presence
of Candida dubliniensis in HIV+ pediatric patients. Although
all of these patients were C3 AIDS classification based on his-
tory, only one presented at the time of culturing with the
classical picture of advancing AIDS, that is, high viral load and
low CD4 count. One other had high viral load only while the
third had low viral burden and normal CD4 levels. This cor-
relates well with the incidence of fungal infection in adults as
previously reported.29,30  One of the 3 children had been on
fluconazole in the past yet still had persistent candidiasis even
though he remained on clotrimazole on an as needed basis.
Also, this was the only child who demonstrated clinical evidence
of oral yeast infection involving the tongue and mucosa with
white plaques and broad erythema.  This finding indicated that
C. dubliniensis can present as an asymptomatic oral inhabitant
as part of the flora, as well as with clinical signs and symptoms.

Overall, however, this complex picture of level of
immunocompromise and AIDS in children is typical and likely
reflects various responses to antiviral drugs and other yet uni-
dentified factors.  As more patients are evaluated in our cohort,
contrasts between patients colonized or infected with C.
dubliniensis with non-colonized patients may be more valid rela-
tive to trends in CDC classification, viral load and CD4 counts.

With C. dubliniensis recently added to the growing list of
opportunistic infections, questions regarding its role in oral
diseases, the factors that encourage its growth and the involve-
ment of its interaction with F. nucleatum and other oral
microorganisms in the infectious processes in the oral cavity,
remain to be answered.

Conclusion
The results from this study confirm the presence of C.
dubliniensis among pediatric HIV-seropositive patients.

We would like to thank Seth Meiller and Jackie Kelley for their
assistance in the preparation of this manuscript.
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C EPHALOMETRIC EVALUATION OF THE TWIN-BLOCK APPLIANCE

ABSTRACT OF THE SCIENTIFIC LITERATURE

The purpose of this study was to compare an experimental group of patients who were treated with the Twin-block
appliance to a matched group of control subjects using cephalomentic data.  There were 30 experimental subjects (14 males
and 16 females).  Their class II division I malocclusion was treated with the following 3 phases.  1) semi-rapid maxillary
expansion and alignment of the maxillary arch, 2) correction of the class II relationship with the Twin-block appliance, 3)
retention with a maxillary removable appliance with a “very steep anterior bite plane”.  Each  treatment case was individu-
ally matched to a control subject in regards to age, sex, and observation time.  The author emphasized that the results were
“compared to twice the method error to see if the treatment change was clinically significant”.  The following cephalomet-
ric measurements showed both statistically significant differences and also showed twice the method error.  There was a
significant reduction in overjet.  The ANB angle was significantly reduced which was mainly the result of an increase in the
SNB angle. “The upper incisor angulation was significantly reduced with the interincisal angle correspondingly increased”.

Comments: There appears to be more variables in the treatment protocol than just the use of the Twin-block appliance.
The author also used “semi-rapid maxillary expansion and alignment of the upper arch” and retention with “an upper re-
movable appliance with a very steep anterior bite plane” when treating these patients. JEP

Reprint Information:  M.J. Trenouth, BSc,BDS, MDS,PhD, FDS, DDO, DOrth, Royal Preston Hospital, Sharoe Green
Lane, Preston PR2  9HT, England

Cephalometric evaluation of the Twin-block appliance in the treatment of Class II Division I malocclusion with
matched normative growth data.  Trenouth MJ.  Am. J of Ortho.and Dentofacial Orthopedics, Vol.117-1:54-59, 2000.
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