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Moreover, pediatric dentists use

sealants extensively and are used

to working, for example, with rub-

ber dams, especially in young

patients. It may turn out that after

more research is completed on the

ontogeny of the oral microbial flora,

changes or ecological shifts made

in childhood become lifelong. More

specifically, drastic reductions or

eliminations of cariogenic bacteria,

along with their sites for coloniza-

tion in the primary dentition, may prevent or delay their

transfer to the permanent dentition.  Similarly, reductions in

a mother’s levels of cariogenic bacteria may delay or inter-

rupt the transfer of cariogenic bacteria to her infant. 

Here, the goal is to discuss several concepts before their

final inception into practices and to stimulate discussion of

ideas, reframing the design to meet the demands of everyday

practice. Ultimately, the proof will come from a large clinical

trial conducted in many practices and patient populations. 

Abstract

Dental caries is often referred to as

an infectious disease, which means

different things to different people.

Pediatric dentists may be tempted

to liken caries to other childhood

diseases they encounter yet treat

caries from mostly a mechanical or

surgical approach. On the other

end of the spectrum are clinicians

who view the oral cavity as a site

teaming with bacteria and think that

reducing the overall microbial mass

using antimicrobial agents will somehow affect this infec-

tious disease. Here, we argue for another view, that is, to

combine the most effective portion of each therapy to yield

an effective outcome: the treatment and prevention of den-

tal caries. 

Because primary teeth are eventually shed, pediatric

dentists may be in an advantageous position to implement

this approach since restorations to primary teeth need not

be as durable as those made to permanent teeth.
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THE CONCEPT OF DENTAL CARIES being an infectious and
transmissible disease was convincingly demonstrated by Paul
Keyes,1 then at the National Institute of Dental Research. Almost
half a century later, clinicians and researchers alike have only begun
to gain insight into the role and relative contribution bacteria make
to the caries process. I will review some of the major trends, both
practical and philosophical, proposed and practiced in this last half
century, and then describe where I think dentistry is going next. It
is not the intention of this thesis to give an exhaustive review of the
literature. To do so would only highlight the contradictory nature of
the present knowledge base. Many detailed and focused reviews of
the literature are available. Some are more and some are less biased
than what appears below.

After realization in the 1960s that specific microbes might be
responsible for dental caries, focus was directed to controlling the
microbial mass colonizing the teeth, dental plaque, euphemistically
referred to as plaque control. Prior to that time, the Lactobacillus
group was a focus of attention, later to be replaced in prominence
by the mutans streptococci (MS). Plaque control became part of
every dental practice, and brushing and flossing soon became
household routines. Coupled with topical and systemic fluoride’s
reported anticaries effect, many people felt that the reign of caries
was over, at least in the U.S. While we teach with almost religious
furor and unquestioning rigor the holy triad of oral hygiene, regu-
lar2 visits to the dentist and fluoride, many people can now make
the argument that the actual effectiveness of these pillars of pre-
vention are overstated and overly optimistic.1 

One measure of the misconceptions and discordance in dental
education and research circles can be found in the summary of polling
of 55 experts as to why dental caries was declining.2 No unifying con-
sensus was found, but there were many different theories. What
seemed evident was that the decline could not be attributed to any
specific treatment or preventive measure; systemic fluoride, the obvi-
ous choice among most dentists, fared poorly when considering caries
was declining in many countries without fluoride, Japan, for example.

Mechanical Approaches 
The first of the approaches to caries prevention I term mechanical.
It makes sense that dentists would think mechanical; we are sur-
geons and we cut, debride and repair. Plaque control via brushing
and flossing is an example of a mechanical approach. Fluoride’s
anticaries effect is thought by many to be mechanical in the sense
that fluoride is alleged to make the enamel surface more resistant to
acid demineralization. Other mechanical approaches include the
handpiece and bur debridement of lesions. Like toothbrushing and
flossing, it’s the surgical way—scrubbing and debriding lesions.
Ambroise Pare’, the father of modern surgery, taught us that.

How effective are mechanical approaches for preventing
caries? Flossing and brushing came up short, in study after study in
terms of caries prevention. The World Health Organization report3

gave disappointing results despite reports to the contrary by
Axelsson and coworkers in Sweden.4 Remember, most caries are

found on the occlusal surfaces, marginalizing both brushing and
fluorides in terms of prevention because these two means are most-
ly ineffective on these surfaces.

Also arriving in the late ‘60s were the first sealants, which I will
discuss in more detail later in this article. As a mechanical barrier,
sealants are surprisingly underutilized and still remain controver-
sial as to their overall effectiveness. A major part of the problem is
they are not properly placed, that is, good etch, a moisture-free sur-
face and adequate polymerization.

Overall, I think it’s safe to say that a strictly mechanical approach
to caries treatment and prevention falls short of addressing the bac-
terial etiology of the disease. It’s somewhat puzzling why clinicians
treating caries lesions do not disinfect the preparation before placing
a restoration. Conventional restorative materials like amalgam are
notoriously bad at leakage. Both bacterial culturing and scanning
electronic microscopy show clearly the removal of decayed dentin
falls short of removing bacteria within the dentinal tubules and at
the caries front. Historically, even G.V. Black mentioned bacteria in
dentinal tubules, recommending “toileting” the preparation prior to
placing a filling; but this meant cotton and air spray to remove parti-
cles and moisture. I will revisit this concept later.

Antimicrobial Approaches 
The next phase of treatment regimens directed against the infec-
tious disease aspects of caries was launched with great zeal in the
1970s. First introduced as a plaque-control agent by Loe, chlorhex-
idine, along with a long assortment of mouthrinses, grew in popu-
larity. Agents used included antibiotics, chlorhexidine, iodine, zinc
chloride, high concentrations of fluoride—including stannous flu-
oride and combinations of the above—among many others. (For
reviews, see.5,6) The idea was that both caries and periodontal dis-
eases were bacterial infections. Accordingly, antimicrobials were
applied that could reduce the numbers of bacteria, regardless of
whether those bacteria were beneficial or benign to the host.

This “shotgun” approach to caries and plaque control continued
for more than a decade. Intensive therapies were applied to children.
These included SnF2, chlorhexidine gels and high concentrations of
acidulated fluorides (high in HF and bactericidal to many bacteria).
In perhaps the most intensive application of a chemotherapeutic
agent to the dentition, accompanied by the most extensive microbio-
logical survey of sites of re-colonization, Emilson and coworkers7

applied a 1% chlorhexidine gel for 24 exposures to the dentition of
young adults with extensive caries experience (DMFS = 34).
Suppression of MS lasted for two to six months. The reappearance of
MS was noted on the posterior teeth, especially the molars. Third
molars were particularly difficult sites to disinfect, leading the
authors to suggest that young adults without third molars would be
more amenable to disinfection. These investigators also noted that
the high number of restorations, which provided retentive sites, were
a significant factor leading to the recolonization of these dentitions.

Another study reported the complete elimination of mutans
streptococci, with the effect in some adults lasting two years.8



NYSDJ  •  MARCH 2005 25

This is not to say that antimicrobials have no future. An overall
evaluation of the use of antimicrobials in the literature suggested
that this approach might have promise if used in a focused or tar-
geted way, with a specific and measurable bacterial outcome or
endpoint.12

Before discussing how the two methods of caries prevention
and treatment can be combined in a more effective manner, it is
worth mentioning the current thinking on designating one or a few
members of the dental plaque as “odontogenic pathogens.” The
leading candidate and most widely researched and characterized is
the group of bacteria called the mutans streptococci (MS).

Streptococcus mutans is the member of MS most common in
humans and most associated with disease. Decades of work have
contributed to our collective knowledge of S. mutans, including its
carriage rate, transmission and acquisition, physiological and
genetic composition. Its importance to the research community
was underscored when it was selected as a candidate for complete
sequencing of its genome. In the insightful words of Coykendall,
“this organism appears to have been intentionally designed from
the ground up to be a cariogenic bacterium.”13 Without a lengthy
review of a massive amount of accumulated literature on the prop-
erties of S. mutans, it’s becoming clear that while it is an important
contributor to dental caries, it is by no means the only cariogen.
Plaque bacteria, forming what is called a biofilm, represent a

Others did not respond as well. The reason for this disparity will be
discussed in the next section. Our own experience with iodine and
chlorhexidine varnishes was that they failed to exert lasting effects
on cariogenic bacteria when applied to prevent transmission of
mutans streptococci from mothers to their infants.9-11

An antimicrobial approach to caries prevention and treatment
has fallen short of its original expectations, probably for three reasons:
1. Antimicrobials are incapable of penetrating existing lesions,

fissures and pits, or precarious or white spot lesions.
2. The shotgun approach toward indiscriminately eliminating bac-

terial populations from the oral cavity or from the dentition is
not only difficult to sustain, but may not be in the best interest
of the host. One of the key roles of the indigenous biota of the
oral cavity is to exclude exogenous pathogens from colonizing.
This is accomplished by physically occupying space or receptor
to which pathogens can bind. In addition, many of the oral bac-
teria produce antimicrobial substances (e.g., bacteriocins) that
are lethal to many types of bacteria, including pathogens.

3. Topically administered antimicrobials may be toxic not only to
bacteria, but to humans. High doses of fluoride, for example,
have led to illness and, in a few cases, to death. To avoid possible
toxicity and for safety reasons, many antimicrobials used orally
require dilutions that in many applications, such as mouthrins-
ing, result in very low antibacterial potency.
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diverse and compact community in which S. mutans is less than 1%
of the total bacterial counts. We now think of dental plaque as a
polymicrobial community of indigenous bacteria, just as the
human body is made up of diverse cell types, each type with a spe-
cialized function or task.

In a classic study in schoolchildren, Burt and Loesche conclud-
ed that in the most common form of caries, fissure caries,“S. mutans
was necessary but not sufficient.”14 A recent survey of the composi-
tion of cariogenic plaque bacteria using genetic rather than culture
medium argues against the notion that a single group of organisms
is associated with caries.15 New methods that use DNA markers are
showing the presence of bacteria never cultured before—in fact, at
least one-third of the bacteria in plaque have yet to be identified. So
we need to conceptualize that caries results from a constellation of
bacteria in the biofilm, not just as a monoinfection by a single or a
few bacterial groups. This area of research is being hotly investigat-
ed and promises better delineation of the bacterial etiology of caries.

Let’s assume that the mutans streptococci and Lactobacilli
are important contributors to the caries process. Certainly, these
two groups are almost universally found in lesions. As caries pro-
gresses, Lactobacilli become more predominant, as they prefer a
stagnant, retentive site to colonize and an existing lesion provides
that site. The mutans streptococci require teeth to colonize, pre-
ferring retentive sites to smooth surfaces by an order of magni-
tude. Elimination of all retentive sites in the dentition would pre-
clude colonization of these two cariogens—retentive sites
include pits, fissures, white spot lesions, existing lesions, and
margins around existing restorations.

Can this be achieved? Assume that dentists could somehow
render the dentition “non-retentive” for these two cariogens. Could
colonization of these two groups be inhibited or denied? Could
modern materials using bonded composite resins and sealants ren-
der the dentition non-retentive? The answer may be “yes.”

Combined Mechanical and Antimicrobial
Approaches to Caries Management/Prevention  
Is it possible to take the best attributes of the mechanical and
antimicrobial approaches and merge them into a more effective way
to treat and prevent caries? I think it can be done, but with some
degree of caution because the proposal has not undergone the full
test of efficacy, the Phase III clinical trial. Nonetheless, many of
these procedures have been advocated and used successfully, espe-
cially in pediatric dental practices. Combining them could yield
complementary and synergistic results.

For clarity, I will divide the treatment strategy into segments of
common elements and approximate sequence in terms of patient
care. I will not describe routine aspects of standard of care in terms
of diagnostic and operative procedures.

Debridement 
Ideally, in a single visit, debridement of all open lesions would be
achieved with rotary or hand instruments. The idea is to remove
most of the carious dentin and make a retentive area for placing a
bonded glass ionomer cement in the defects. Care must be taken to
form a good seal across the pulpal floor. Contrary to what most of
us were taught, removal of all carious dentin may not be necessary,
and, in some cases, may compromise the vitality of the pulp.

Debridement and placing GIC as a provisional restoration
allows for at least two effects: 1. lesions do not progress and the
pulp is protected; 2. retentive niches harboring cariogenic bacteria
have been removed and remaining bacteria sealed off from the oral
cavity. Assuming carious dentin is the site of cariogenic bacteria,
disinfect the preparation before placing GIC. Many oral antimicro-
bials are available. Except for the antimicrobial “toilet,” the above is
a key principle of the ART approach.16

Disinfecting Procedures
We don’t know if disinfecting or “toileting” the preparation will kill
whatever microbes are left in the remaining dentin, but the idea is
consistent with treating caries as an infection. I prefer either sodi-
um hypochlorite (0.5%) or 2% iodine disclosing solution as oral
antimicrobial agents, but others might use a chlorhexidine or
Betadine solution. Placing a cotton pellet saturated with antimicro-
bial into the prepared lesion for a predetermined time, maybe 30
seconds, might reduce the microbial counts. Additional applica-
tions of antimicrobial solutions to the entire dentition before and
after restoration/sealant placement could eliminate additional
microbes on the tooth surfaces.

Placement of Sealants
Occlusal fissures, pits and margins around existing restorations
constitute the major ecological sites for colonization of two major
cariogenic bacteria, the MS and the Lactobacilli. Sealing these
sites would essentially change a retentive site into a smooth sur-
face, hence, eliminating a retentive site for new colonizers and at
the same time covering existing bacteria, cutting them off from
the oral cavity. Sealing over existing amalgam and resin restora-
tions is a proven way to eliminate retentive sites. Sealing proximal
surfaces is possible with some attention to detail and use of
orthodontic separators.

Final Restorations 
Bonded composite resins seal off the dentin from the oral cavity.
Even amalgams can be bonded and sealed. Before final restorations
are placed, however, the entire dentition should be disinfected and
this process repeated with the idea that cariogenic bacteria will

Is it possible to take the best attributes of the

mechanical and antimicrobial approaches and

merge them into a more effective way to treat 

and prevent caries? 



NYSDJ  •  MARCH 2005 27

either be killed or denied a retentive site to recolonize. Clinical
studies will be needed to tell us how many times or how often dis-
infecting is necessary. In studies we conducted in the past, a 1% or
2% iodine disclosing solution was applied every other day for a
week, then monthly, but the study design and patient population
were unique for that study. If all the lesions, fissures, pits and mar-
gins are well sealed, one or two antimicrobial applications will
probably suffice.

Expected Outcomes 
The main outcome from the proposed approach (or its final
reduction to practice from clinical research) would be a shift in
the oral bacterial ecology. A cariogenic flora would be replaced
by a non-cariogenic flora. The reason an ecological shift would
occur is because the dentition was altered to preclude the colo-
nization of those cariogens that require the retentive sites to col-
onize. Further research will monitor the extent of this shift as
well as its duration. Of course, the final proof of concept will be
a decrease of dental caries; this proof will require at least anoth-
er decade.

I encourage clinicians in practice and in academia to formu-
late their approach to caries control based not on the limitations of
dentistry from the past, but on first asking what objectives they
want to accomplish for their patients. If the answer is a healthy den-
tition with no or minimal restorative needs, then this approach
may have some merit.

Although it is difficult to abandon some of the skills we
learned early on in our dental schools, we now know many of those
procedures were the best available based on the dental materials
and equipment of the day. With modern composite resins, sealants,
combined with our knowledge of the infectious components of the
oral microbial flora, it seems prudent and reasonable to adopt our
approach to caries control to the newer concepts. It’s hard to do, I
know, because of the difficulties we encounter everyday in chang-
ing our faculty’s concepts of caries control and which are taught to
our students.

Nothing I have written is really that novel or new. Indeed, I
know pediatric dentists in this country and in other countries, such
as Germany and Brazil, who practice along the lines outlined above.
I think common sense would go a long way, even if to only question
some of our existing beliefs and practices. The full-blown proof of
a definitive approach is yet to be offered, but very few of the con-
cepts of how we practice dentistry today have a scientifically proven
basis or are evidence-based. This is changing, and we must change
as well. ■
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Oral Manifestations
Oral candidiasis may be present as clinically distinct forms, includ-
ing pseudomembranous, erythematous and hyperplastic variants.
Other lesions, such as linear gingival erythema, median rhomboid
glossitis and angular cheilitis, are now also believed to be associat-
ed with candidiasis.3,4

The pseudomembranous type (thrush) is characterized by the
presence of creamy plaques on any part of the oral mucosa (Figure 1).
The white plaques can be removed easily, and may reveal a superficial-
ly hemorrhaging surface at times. Common locations for infection
include the palate, gingiva, buccal mucosa and dorsum of the tongue.

Chronic hyperplastic candidiasis, or candidal leukoplakia, pre-
sents as white patches on the buccal mucosa that do not rub off.
This condition is least common and somewhat controversial, as it is
believed to be a combination of candidiasis superimposed on a
leukoplakic lesion. The diagnosis is confirmed by the presence of
pseudo-hyphae upon microscopic smear examination and resolu-
tion of the lesion after anti-fungal therapy (Figure 2).

When the tongue is affected, patchy depapillated areas appear
on the dorsal surface (Figure 3). The palate can also be affected sec-
ondarily because of its close proximity to the tongue lesion.

Median rhomboid glossitis, or central papillary atrophy, a
condition with a previously uncertain etiology, has now been asso-
ciated with candidiasis.4 It is seen exclusively on the midline of the
posterior dorsal aspect of the tongue and is asymptomatic. The
erythematous mucosal changes are due to the loss of the filliform
papillae, and the condition usually resolves following topical anti-
fungal therapy.

Angular or labial cheilitis, characterized by fissuring at the
corners of the mouth or lips, has also been implicated with a fungal
origin and may appear either alone or in conjunction with any of

Abstract

Oral candidiasis can be an early sign of illness or dis-

ease progression in HIV/AIDS and other immuno-com-

promised states. Oral lesions associated with fungal

infections present in a variety of forms, including a few 

of previously unknown etiology. Diagnosing these vari-

ants of disease can be challenging because of their

atypical clinical presentation. Moreover, the emergence

of new candida species, drug resistance and immature

immune systems add to the complexity of this condition,

especially in children.

Candida species reside as part of the normal flora of the oral cavi-
ty in about 40% of the general population known as carriers.1 In the
event of immune suppression, there is a shift from commensalisms
to an exponential increase in colonization, which eventually leads
to clinical signs and symptoms of oral candidiasis (OC).

OC in children has been less well studied, with only limited
numbers of individuals examined. However, between 20% and 70%
of children with HIV infection or AIDS have been reported to show
clinical signs of oral candidiasis.1,2 It is also the first infection to
appear in approximately half of all HIV-infected children.
Esophageal candidiasis, an AIDS-defining illness, according to the
CDC, is reported to develop in approximately 20% of children. The
combination of an immature immune system and suppressed cel-
lular immunity provides optimal conditions for rapid disease pro-
gression. As a result, pediatric AIDS and associated infections have
become a major challenge.
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the other forms4 (Figure 4). Chronic oral habits in children may
spread this infection to adjacent sites, resulting in exfoliative lesions
of the vermilion zone and perioral skin, creating a clinical pattern
known as cheilocandidiasis.

Atropic or erythematous candidiasis (EC) appears clinically as
a red lesion. The color intensity may vary from fiery red to a hardly
discernable pink spot and is usually without clinical symptoms. It
often presents as mild, localized inflammation of the gums and can
be easily mistaken for gingivitis (Figure 5).An accurate diagnosis in
such cases is difficult and can be further complicated in the pres-
ence of plaque and poor oral hygiene. Recent studies utilizing
microscopic examination of mucosal swabs of such lesions report
an overall increase in the prevalence of erythematous candidiasis.5

This is a shift from previous literature that suggests that
pseudomembranous candidiasis is the most commonly occurring
variant of oral fungal infections.6 It is unclear whether EC has been
misdiagnosed in the past or simply underreported in children.3

There is also the possibility that perhaps EC lesions have a different
clinical presentation in children than in adults.

HIV-associated gingivitis (HIV-G), a condition thought to be exclu-
sive to HIV, has also been reported in other immunocompromised
patients. It has since been renamed linear gingival erythema (LGE).
As the name suggests, LGE is characterized by a linear erythematous
band 2-3mm in width along the free gingival margin (Figure 6). Data
from recent studies seem to suggest a fungal involvement that
responds positively to anti-fungal therapy.3 Thus, the term “HIV-
associated gingivitis” may yet be renamed “HIV- associated candidi-
asis.” Regardless, the result is there may be a significant number of
children with an undiagnosed variant of oral candidiasis.

The big question is, what are the long-term effects of undiag-
nosed (therefore untreated) oral fungal infections on the course of
HIV/AIDS itself? Would treating the oral infection offer the body a
better chance to deal with the HIV? The answers to these questions
are largely unknown, although logic dictates that treating these
infections may provide the body with a better chance of coping
with the HIV. After all, morbidity and mortality from HIV infection
are not because of the virus per se but result from the ensuing
opportunistic and secondary infections.

Figure 1.
Pseudomembranous
candidiasis.
Characterized by 
presence of white,
creamy patches of
plaque on oral mucosal
surfaces. 
(From New York Department
of Health AIDS Institute’s
Clinical Guidelines
Development Program Web
site, www.hivguidelines.org.)

Figure 2.
Hyperplastic 
candidiasis. Seen
here as speckled
white and erythe-
matous areas that
do not rub off.

Figure 3. 
Candidal glossitis.
Characterized by
central papillary
atrophy of tongue.
Printed with permission:
Neville BW, Damm DD, Allen
CM, Bouquot JE. Oral &
Maxillofacial Pathology, 2nd
Edition. Philadelphia:W.B.
Saunders, 2002.

Figure 4. Angular cheili-
tis. Seen as fissuring or
hypo-pigmentation at
angles of mouth.
Fissuring can occur on
lip as well (labial che-
litis) and resembles
“chapped lips.” 
(From New York Department
of Health AIDS Institute’s
Clinical Guidelines 
Development Program Web
site, www.hivguidelines.org.)

Figure 5. Atypical ery-
thematous candidiasis.
Seen here as mild
inflammation of maxil-
lary anterior gingiva.
Characterized by loss of
stippling, mildly edema-
tous and closely mimic-
king gingivitis.

Figure 6. Linear gingival
erythema (LGE). Seen
as erythematous band
2-3mm in width along
free gingival margin.
(From New York Department
of Health AIDS Institute’s
Clinical Guidelines
Development Program Web
site, www.hivguidelines.org.)
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these forms of therapy, and even when responsive, may reappear
soon after therapy is completed.7,9

Candidal esophagitis usually requires hospitalization and intra-
venous therapy with amphotericin B.Drug resistance is often an unde-
sirable outcome of therapy, and the goal of the dentist should be to
develop preventive strategies, such as periodic regimens of chlorhexi-
dine and fluoride rinses. Chlorhexidine has been shown to diminish
the mucosal adherence of fungi, thereby eliminating the onset of infec-
tion.10 In addition, an aggressive recall/monitoring system should be
developed for individual patients based on oral findings and the use of
immunological markers to identify patients at risk.

The need for anticipatory guidance and communicating close-
ly with the child’s guardian and physician is paramount. Based on
the immune status, pediatric HIV/AIDS can be classified into three
categories. An immunological profile for each category has been
adapted from the CDC and is presented in Table 1.

Discussion
Increased oral carriage of C. albicans is a common finding in HIV-
infected patients. In a study done by Korting, “the microbiological
recoveries of oral C. albicans from 62 HIV-infected adults were
57.5% for CDC stage I patients, 76.5% for stage II patients and

Speciation
The majority of candidal infections in children and adults are
caused by C. albicans; however, reports of the emergence of other
novel species of candida have begun to appear.7,8

Masia Canuto, et al. recently evaluated 153 HIV-positive
patients and found that 21% of these patients had non-C. albicans
species. Similarly, Morace found that 25% of yeast species isolated
from individuals with AIDS were non-C. albicans species, the most
common being C. dubliensis, C. glabrata and C. krusei. Recent stud-
ies in children show that some species, exclusive to HIV/AIDS, have
the ability to develop stable resistance to fluconazole in vitro and
have significantly higher levels proteinase activity, a property con-
sidered a virulence factor in fungi.8

Management
When signs and symptoms of candidiasis are atypical, diagnosis is
confirmed by exfoliative cytology, culture of the specimen obtained
from the lesion and by a positive response to anti-fungal therapy.

Treatment of oral candidiasis in children involves the use of
antifungal drugs, such as 1:500,000 nystatin suspension rinse.
Clotrimazole oral troches may be prescribed for older children; the
tablets are sucked five times a day. Candida can be resistant to all

T A B L E   1
VIRAL LOAD (HIV RNA) ¶ -
According to the CDC CD4+ COUNT AND PERCENTAGE * - According to the CDC

HIV MARKERS Viral Load Viral Load CD4 +  CD4 + CD4 + CD4 + CD4 + CD4 + 
(< 30  (> 30  Absolute % (< 12 Absolute % (1-5  Absolute % (6-12 
months months Count  months) Count (1-5 years old) Count (6-12 years old)
of age) of age) (< 12months) years old) years old)

Category 1 < 1000 – < 1000 – ≥ 1,500   ≥ 25% ≥ 1,000  ≥ 25% ≥ 500 ≥ 25%
No suppression 150,000 15,000 cells/ �L cells/ �L cells/ �L

copies/mL copies/mL

Category 2 150,001 – 15,001 – 750 – 1499  15%-24% 500 – 999  15%-24% 200-499  15%-24% 
Moderate 1,700,000 150,000 cells/ �L cells/ �L cells/ �L
suppression copies/mL copies/mL

Category 3 > 1,700,000 > 150,000 < 750  < 15% < 500 < 15% < 200 < 15%
Severe copies/mL copies/mL cells/ �L cells/ �L cells/ �L
suppression

CD8+ COUNT £ NEUTROPHIL COUNT § ANC COUNT

HIV MARKERS Strength of CD8+ T cell response (SFC/ (Absolute Neutrophil Count)
million CD8+ T cells)

Category 1 400 SFC/million CD8+ T cells    > 1500 cells/ mm3

No suppression (correlates to <400 CD4 count)

Category 2 1000 SFC/million CD8+ T cells  500-1500 cells/ mm3

Moderate (correlates to 400-1500 CD4 count) (mild neutropenia) 
suppression

Category 3 300 SFC/million CD8+ T cells < 500 cells/ mm3

Severe (correlates to >1500 CD4 count) (infection can occur)
suppression

¶CDC: Guidelines for the Use of Antiretroviral Agents in Pediatric HIV

Infection. MMWR 1998; 47 (no. RR-4): 1-31.

Palumbo PE, Raskino C, Fiscus S, et al. Disease progression in HIV-

infected infants and children: predictive value of quantitative plasma

HIV RNA and CD4 lymphocyte count. JAMA 1998;279:756-61.  

*CDC: 1994 Revised classification system for HIV infection in children

less than 13 years of age. MMWR 1994; 43(no. RR-12): 1-10.

£Sandberg JK, Fast NM, Jordan KA, Furlan SN, Barbour JD, Fennelly

G, Dobroszycki J, Spiegel HM, Wiznia A, Rosenberg MG, Nixon DF.

HIV-specific CD8+ T cell function in children with vertically acquired

HIV-1 infection is critically influenced by age and the state of the CD4+

T cell compartment. J Immunol 2003 Apr 15;170(8):4403-10.

§A Guide for Patients by Buchanan, 1994, Children’s Medical Center

of Dallas. http://public2.bcm.tmc.edu/pediatrics/documents/4120.pdf

David A J Moore, Ann Sullivan, Paul Hilstead, Brian G Gazzard. A ret-

rospective study of neutropenia in HIV disease. Int J of STD & AIDS,

Volume 11, Number 1 (January 1, 2000), pp. 8-14.
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87.5% for stage III patients.11,12 Similarly, Fong, et al. found yeast
carriage rates in HIV-positive individuals to be 67% for those with
CD4-cell counts above 500 cells/µl, 86% for patients with counts of
200 to 500 cells/µl and 82% for patients with CD4-cell counts below
200 cells/µl.”11,13

Investigators have also demonstrated an increase in the inten-
sity of candidal carriage in immunocompromised patients. The
intensity of carriage is a quantitative measure of candidal species in
the oral cavity. Its sensitivity can allow for early detection of infec-
tion even prior to the onset of mucosal changes. Normal values
range from 350 to 400 colony forming units (CFU) per ml of saliva
and show an increase with disease progression.11 Therefore, there
has been considerable interest in recent years in using candidal car-
riage and intensity of carriage as early markers for disease progres-
sion in immunocompromised patients.

Although the basic pathogenesis of HIV infection is the same
for adults and children, some laboratory findings are unique to chil-
dren. For example, a CD4 count alone is not as reliable a marker of
disease status because children tend to have higher and less consis-
tent CD4 levels compared to adults, and a low CD4 count is often a
late finding.14,15 There also are profound alterations in T-cell assays,
hence, susceptibility to infections cannot always be correlated with
immunological markers.

Because oral fungal colonization remains one of the most com-
mon opportunistic infections observed in both adult and pediatric
HIV patients and is usually the first to appear, it can have a prog-
nostic value16 independent of CD4 status or other more commonly
used immunological markers. Interestingly, two AIDS-defining
conditions of pneumocystis carinii pneumonia and intestinal lym-
phoma were associated with pseudomembranous oral candidiasis
in two case reports.16

Significance
Standard antibody testing is now available to determine an indi-
vidual’s HIV status at an early age. However, because of the
expense of complex technology, health workers in developing
countries, “where 95% of the world’s pediatric AIDS cases are
found,” must rely on simple, inexpensive and early clinical tests for
HIV infection.3 The monitoring of candidal carriage and coloniza-
tion by dentists and other trained clinicians can lead to early diag-
nosis of HIV infection in both child and mother, or serve as a
marker for disease progression.

Furthermore, prevention or early treatment of opportunistic
oral infections may provide a better prognosis for the HIV infec-
tion, leading to an overall sense of well-being for these children
with very special needs. ■

The authors thank Derek Park for his assistance with this article.
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pathic or as a result of extractions); nonrestored proximal carious
lesions; congenitally missing teeth; ankylosis; infraclusion; and
ectopic eruption. The key points are diagnosis of a potential space
loss and identification of a need for prevention or intervention.

Diagnosing space problems and treating cases of mild, moder-
ate and severe crowding require an understanding of the etiology of
crowding and the development of the occlusion stage, as presented
by Ngan, et. al.4

In addition to severe crowding and a high caries index, anoth-
er obvious contraindication for use of a space maintainer would be
when the permanent tooth is very close to eruption and appears to
be very close to the crest of the alveolar ridge. Dean, et al.3 advise
using the amount of bone over the tooth as a guideline; erupting
premolars need four to five months for every mm of bone as mea-
sured on a bite-wing radiograph. The loss of primary anterior teeth
does not indicate the need for a space maintainer unless the patient
or parent requests one for esthetic purposes.5

Space is maintained in the maxillary arch by the interlocking
of the opposing arch canines.

Devising a treatment plan should first and foremost address
elimination of the etiologic factor. Some authors advise that it is
important that diagnostic records are taken for the study of the case
using an arch length analysis (eg., the Nance analysis, the Tanaka-
Johnston analysis or the Moyer’s mixed-dentition analysis) for
defining the problem.3 If a significant discrepancy is noted, the
clinician must then assess where the tooth mass problem is and
decide the best method to resolve it. Space maintainers can be clas-

Abstract

Primary teeth play a critical role in the growth and devel-

opment of a child. In addition to their role in esthetics, eat-

ing, speech, and to encourage normal function and resul-

tant expected growth, the other main function of a primary

tooth is to hold space for the permanent successor until it

is ready to erupt. Space maintenance forms an integral

part of preventive and interceptive orthodontics. After the

premature loss of a tooth, not only do space maintainers

maintain function and preserve arch length,1 they also

maintain esthetics and eliminate any potential psychologi-

cal damage a child could face as a result of the premature

loss of teeth.2 The space maintainer also allows the per-

manent tooth to erupt unhindered into proper alignment

and occlusion.

LOSS OF SPACE in the primary and mixed dentition is a fairly com-
mon presentation. Early interception would provide a great service
to the patient by avoiding or, at the least, limiting the length and
extent of comprehensive orthodontic treatment needed later,3 and
sometimes even surgical intervention. Causes of loss of space are
multifold. They include: premature loss of teeth (traumatic, idio-
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