
The literature supports the concept that
there is a higher prevalence of dental
caries in HIV-infected children than in
noninfected children (6, 13, 16, 17, 34,
35, 44, 47). According to Howell et al.
(21), caries prevalence in HIV-infected
children is very high, mainly in the
primary dentition. In their study, almost
50% of HIV-infected children had exten-
sive decay, with at least 10 affected
surfaces. In a well-designed study using
noninfected siblings as controls to

compensate for confounding factors,
Madigan et al. (27) found an average
dmft of 3.8 for HIV-positive children vs.
only 1.5 for control siblings. Several
hypotheses have been proposed to justify
such findings, e.g.:
• a higher sugar consumption by these
patients, as an attempt to increase
caloric intake and compensate for
weight loss (20);

• the sucrose content in medications (16,
21);

• alterations in salivary flow as a result of
drug ingestion or as a consequence of
HIV salivary gland disease (15, 25, 28,
37, 38);

• immunodeficiency resulting from the
HIV infection (27, 45).
HIV infection results in a progressive

decrease in the levels of CD4+ T lympho-
cytes. Since this cell has a pivotal role in the
maturation of the secretory immune system,
it is expected that this system would be
altered in these patients. IgA is the main

Oral Microbiology Immunology 2004: 19: 281–288
Printed in Denmark. All rights reserved

Copyright � Blackwell Munksgaard 2004

Salivary IgA to cariogenic
bacteria in HIV-positive children
and its correlation with caries
prevalence and levels of
cariogenic microorganisms
Castro GF, Souza IPR, Lopes S, Stashenko P, Teles RP. Salivary IgA to cariogenic
bacteria in HIV-positive children and its correlation with caries prevalence and levels of
cariogenic microorganisms.
Oral Microbiol Immunol 2004: 19: 281–288 � Blackwell Munksgaard, 2004.

The interrelationship of HIV infection, dental caries and mucosal immune responses
remains controversial. In our study population of 40 HIV-infected and 40 healthy control
children (ages 2–5 years) there was a significantly higher prevalence of dental caries in
HIV-infected children (P<0.05). The extent of caries correlated with the severity of HIV
disease. To determine whether the immunosuppression that ensues after HIV infection
could contribute to the increased caries prevalence, the concentrations of total IgA and
IgA specific to cariogenic bacteria (Streptococcus mutans, Streptococcus sobrinus and
Lactobacillus acidophilus) were determined in whole saliva by enzyme-linked
immunosorbent assay . Levels of the same bacteria were also quantified in saliva using
checkerboard DNA–DNA hybridization. A significantly increased level of total salivary
IgA was found in the HIV-positive population (P < 0.05), but there were comparable
titers of specific IgA to cariogenic bacteria in HIV-positive and healthy controls. The
microbiological assessment also demonstrated similar levels of cariogenic
microorganisms in both groups. We conclude that HIV-positive children appear to
maintain the capacity to mount a mucosal immune response to cariogenic
microorganisms, at least until late stages of disease.
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immunoglobulin in saliva, and a drop in its
levels could impact on caries development.
The impact of HIV infection on salivary
IgA levels is unclear, with reports of both
decreased (28, 31, 41) and increased titers
(2, 18). Sweet et al. (41) have reported that
despite raised titers of serum IgA, HIV-
infected patients presented with reduced
salivary IgA concentrations. In contrast,
Grimoud et al. (18), described increased
salivary IgA levels in HIV-positive subjects
when CD4+ cells were <200/ml. The
literature is sparse concerning specific IgA
to bacteria associated with oral infections,
but most data suggest raised levels in HIV-
positive patients, possibly reflecting the
increased degree of infection. Higher levels
of IgA antibodies to Candida species have
been reported in HIV patients, including
AIDS patients, compared to sero-negative
controls (10). Challacombe & Sweet (8)
described raised titers of salivary antibodies
to cells of S. mutans in HIV-positive and
AIDS patients. Nevertheless, studies of the
impact of HIV infection on the levels of
salivary IgA in children, and its correlation
with caries prevalence are, to our knowl-
edge, still lacking.
The purpose of the present investigation

was as follows:
• to determine the caries prevalence in
pediatric patients infected with HIV
compared to uninfected children;

• to compare the levels of caries-associ-
ated microorganisms (Streptococcus
mutans, Streptococcus sobrinus and
Lactobacillus acidophilus) in the saliva
of HIV-infected children to the levels
found in the control group (3);

• to compare the levels of total IgA and
IgA specific to the aforementioned bac-
teria in whole saliva from the test and
control groups;

• to evaluate the interrelationship of these
parameters to the clinical and immuno-
logic status of the HIV-positive chil-
dren.

Materials and methods

Study populations

The study population was composed of
80 subjects (40 HIV-infected children and
40 control subjects) with a mean age of
4.36 years (± 0.08). There were 37
females and 43 males. There was no
difference between the HIV-positive and
HIV-negative groups with respect to age
or gender (Table 1). The 40 HIV-infected
children were selected from a group of
HIV-positive children attending the Pedi-
atric AIDS Outpatient Clinic of the
Pediatric Institute Matagão Gesteira, Rio

de Janeiro, Brazil, and the 40 controls
were selected from a group of patients
from the Pedodontic Department of the
Federal University of Rio de Janeiro.
Both centers are located in the same
geographic region of the city of Rio de
Janeiro and, hence, provide service to the
same districts. Both populations also had
a similar socioeconomic background. The
HIV-positive group had a definitive diag-
nosis of HIV infection according to
criteria established by the Centers for
Disease Control and Prevention (7), and
was examined between March 2000 and
March 2001. Children in the control
group had no clinical signs of immuno-
deficiency and were not using any drug at
the time of the investigation. Parental
informed consent was obtained for all
patients before they were examined. The
study protocol was approved by the ethics
committee of the Federal University of
Rio de Janeiro.
Data were obtained from patient med-

ical records regarding:
• the clinical and immunologic classifica-
tion;

• clinical manifestations of HIV infection;
• medications and laboratory parameters,
including CD4 and CD8 lymphocytes,
and T4/T8 ratio and viral load.
The data regarding the systemic condi-

tion of the HIV-positive subjects were the
most recent available in the patient’s
medical chart at the time of the oral
examination. However, the maximum
interval between the oral exam and the
quantification of laboratory data was
3 months.

Caries index

Caries prevalence was evaluated using the
dmft (d ¼ decayed, m ¼ missing, f ¼
filled, t ¼ teeth) and dmfs (d ¼ decayed,
m ¼ missing, f ¼ filled, s ¼ surfaces) in-
dexes according to WHO criteria (48). In
addition to the identification of decayed,
missing and filled teeth and surfaces, the
presence of white spot lesions (wsl) was
also registered and analyzed separately.
The diagnostic criteria for carious and
white spot lesions were those used in
studies of Carvalho et al. (5), and Bjorndal
et al. (4).

Saliva collection and processing

Stimulated saliva was collected from every
child at least 1 h after the last meal. The
initial saliva produced after 1 min of
paraffin chewing was discarded. The sub-
jects then chewed for an additional 5 min,
during which time whole saliva was col-
lected. Very young children had samples
collected using a suction bulb (Sigma. São
Paulo. SP). For those children, the chew-
ing of the bulb tip served as the salivary
flow stimulus. Saliva samples clearly con-
taminated with blood were discarded. The
samples were immediately placed on ice
and transferred to the laboratory for pro-
cessing. An aliquot of 100 ll from each
sample was transferred to an Eppendorf
tube (Sigma, São Paulo, Brazil) and frozen
at )20�C for microbiological analysis. The
remainder of the sample was placed in an
Eppendorf tube, clarified by centrifugation
at 10,000 · g for 15 min at 4�C and frozen
at )20�C for enzyme-linked immunosorb-
ent assay (ELISA). To control for serum
and gingival crevicular fluid (GCF) con-
tamination of the saliva samples, an
ELISA kit specific for transferrin (Sali-
metrics LLC, State College, PA) was used.
The transferrin concentration in mg/dl for
each saliva sample tested was determined
by converting its optical density (OD)
value using the formula:

OD ¼ cxb:

Microbiological assessment

The presence and levels of three caries-
related species (S. mutans, S. sobrinus and
L. acidophilus) were determined by a
modification of the checkerboard DNA–
DNA hybridization method described by
Socransky et al. (39). In brief, bacteria in
100 ll of frozen saliva (see above) were
lysed by the addition of 0.5 m NaOH and
the DNA denatured through boiling. The
pH of the samples was neutralized by the
addition of 800 ll of 5 m ammonium
acetate. Single stranded DNAwas pipetted
in individual lanes on a nylon membrane
(Boehringer Mannheim, Indianapolis, IN)
using a checkerboard slot blot device
(Minislot 30, Miniblotter 45, Immunetics,
Cambridge. MA). DNA deposited onto the
membrane was fixed by exposure to ultra-

Table 1. Mean age (in years) of the subjects in the study, and their distribution according to group
and sex

Group

Age Sex

nMean ± SEM M (%) F (%)

HIV 4.33 ± 0.16 23 (57.5%) 17 (42.5%) 40
Control 4.34 ± 0.07 20 (50.0%) 20 (50.0%) 40
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violet light source (Stratolinker�, Strata-
gene, La Jolla, CA). Digoxigenin-labeled
whole genomic DNA probes were prepared
for each of the reference strains (S. mutans
[ATCC 25175]; S. sobrinus [Forsyth Insti-
tute Collection] and L. acidophilus [ATCC
314]) using a random primer technique
(14). The probes and hybridization buffer
were combined and loaded onto the mem-
brane containing the DNA from the saliva
samples, using the Miniblotter, after rota-
ting the membrane 90�, and hybridized at
70�C. Bound probes were detected using
phosphatase-conjugated antibody to digo-
xigenin and chemiluminescence (Boehrin-
ger Mannheim). Signals were evaluated
visually by comparison with the standards
at 105 and 106 bacterial cells for the test
species on the same membrane. Signals
were recorded as: 0 – not detected;
1 ) <106 cells/ml; 2 – 106 cells/ml;
3 ) >106 and <107 cells/ml; 4 – 107 cells/
ml and 5 ) >107 cells/ml. The sensitivity of
this assay was adjusted to permit detection
of 104 cells of a given species by adjusting
the concentration of each DNA probe.

Quantification of total IgA

The amount of total IgAwas determined by
ELISA. In brief, microplates (Costar, Corn-
ing, Acton, MA) were coated with goat
antihuman a chain purified antibodies
(Calbiochem�, San Diego, CA), diluted at
1/500 in buffer I (sodium carbonate. pH 9.6
with 0.2% sodium azide) and incubated.
Plates were then blocked with 0.1% bovine
albumin in buffer II (phosphate-buffered
saline [PBS] with 0.05% Tween 20 and
0.02%NaN3) for 30 min and incubatedwith
diluted saliva samples (1/1600 in buffer II
with 0.1%bovine albumin). The plateswere
incubated with the primary antibody (rabbit
anti-humana chain) (Sigma, St. Louis,MO)
diluted in buffer II with 0.1% albumin
(1/1600) for 2h andboundprimary antibody
was detected by reaction with goat anti-
rabbit IgG conjugated to alkaline phospha-
tase diluted in buffer II (1/20,000) (Sigma).
Substrate (p-nitrophenylphosphate [1 mg/
ml]; Sigma) diluted in buffer IV (0.05 m

sodiumcarbonate, pH 9.8,withMgCl2)was
added to each well and after 30 min the
reaction was stopped by the addition of 1 n

NaOH. Conversion of substrate was deter-
mined at OD405 using an ELISA reader
(BIO-TEK Instruments, Inc., Winooski,
VT). The plates were washed three times
with 0.9%NaCl, 0.05%Tween20 following
each step. Unless otherwise stated, all
incubation times were 2 h and all reactions
took place on a rocking platform at room
temperature.

Salivary antibody concentrations were
calculated by reference to pooled standard
saliva obtained from 10 control patients
with high levels of antibody activity. A
standard dilution curve ranging from
1 : 200 to 1 : 6400 was assayed with
every microtiter plate. To calculate the
concentration of IgA in the pooled saliva
in lg/ml, a commercial kit specific for
salivary secretory IgA (SIgA) (Salimetrics
LLC, State College, PA) was used. The
IgA concentration in lg/ml for each saliva
tested was determined by comparing its
OD value to the linear portion of the
standard curve and using the formula:

OD ¼ c ðLog n xÞ þ b:

Measurement of antibodies to cariogenic

bacteria in saliva

A modified ELISA was used to determine
the levels of specific antibodies to caries-
associated bacteria. In brief, microplates
(Costar) were coated with formalin-killed
microorganisms: S. mutans (ATCC
25175); S. sobrinus (Forsyth Institute
Collection); L. acidophilus (ATCC 314)
in PBS at 3 · 107 organisms/ml, and
incubated for 3 h at room temperature.
After at least 2 days of incubation at 4�C,
the plates were washed and incubated with
diluted saliva samples (1/400 in buffer II
with 0.1% bovine albumin) followed by
incubation with the primary antibody
(rabbit anti-human a chain) (Sigma) dilu-
ted in buffer II with 0.1% albumin (1/500).
Detection of bound primary antibody and
conversion of substrate were done in the
same manner as for total IgA.
Salivary antibody concentrations were

calculated by reference to pooled standard
saliva obtained from 10 control patients
with high levels of antibody activity. The
standard saliva was assigned an arbitrary
value of 100 Units for a 1/400 dilution and
a standard dilution curve ranging from
1 : 100 to 1 : 3200 was assayed with
every microtiter plate. The OD data gen-
erated from this standard curve were
plotted on a semilogarithmic scale and a
standard curve was generated by linear
regression. The IgA antibody level for
each saliva tested was determined by
comparing its OD value to the linear
portion of the standard curve and using
the formula:

OD ¼ c ðLog n xÞ þ b:

Statistical analysis

Data were entered into databases using
software specific for biostatistics (sy-
stat� 10.2). Comparisons between

means were done using the Mann–Whit-
ney test. Comparisons between subgroups
were sought using analysis of variance
(anova) and regression analysis. For all
analyses a P-value of less than 0.05 was
considered significant.

Results

Clinical and immunologic characteristics

of the HIV-positive population

The clinical and immunologic classifica-
tions of the HIV-infected children (7) are
presented in Fig. 1. In general there was
good correlation between the immunologic
and clinical classifications. Most patients in
the study (26/40) could be described as
having AIDS (classification C and/or 3).
The caries experiences of the HIV-positive
and control populations are shown in
Fig. 2. As indicated, the HIV-positive
children had more caries compared to
healthy controls, on both the dmft and
dmfs scales. The differences between HIV-
positive and HIV-negative children were

2 2
1 5

2 3

4
5

14

2

0%

20%

40%

60%

80%

100%

N (n=4) A (n=5) B (n=7) C (n= 24)

Clinical Classification

Im
m

u
n

o
lo

g
ic

al
 C

la
ss

if
ic

at
io

n 3 (n=16)
2 (n=14)
1 (n=10)

Fig. 1. HIV-infected children were clinically
classified as: N ¼ lack of symptoms, A ¼ mild
symptoms, B ¼ moderate symptoms or
C ¼ AIDS-associated diseases; and immuno-
logically as: 1 ¼ lack of immunodeficiency,
with CD4 levels >1000, and 25%; 2 ¼ mild
immunodeficiency, with CD4 levels between
500 and 999, and 15–24%; 3 ¼ severe immu-
nodeficiency, with CD4 levels <500, and 15%.
According to criteria established by the CDC
(7).
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Fig. 2. Mean values of dmft, dmf+wsl, dmfs
and dmfs+wsl in HIV-positive children (n ¼ 40)
and control patients (n ¼ 40). Standard error of
the mean is given in brackets. *P < 0.05,
Mann–Whitney test. dmft: d ¼ decayed,
m ¼ missing, f ¼ filled, t ¼ teeth; dmfs:
d ¼ decayed, m ¼ missing, f ¼ filled, s ¼ sur-
face and wsl ¼ white spot lesions.
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even greater when white spot lesions were
taken into consideration. These findings are
consistent with previous studies that show
increased caries incidence in HIV-infected
children (6, 13, 16, 17, 34, 35, 44, 47).

HIV status and dental caries experience

The relationship between HIV status and
caries experience was then examined. As
seen in Fig. 3, there was a linear relation-
ship between the severity of HIV clinical
symptoms and the extent of caries using all
four caries indices. These relationships
were statistically significant for the indices
that quantified the presence of white spot
lesions (P ¼ 0.01 and p ¼ 0.02 for dmft+
wsl and dmfs+wsl, respectively), when
evaluated using a regression of the caries
indexes means against the clinical categ-
ories (converted to scores 0, 1, 2 and 3).
The data confirm the clear trend toward
more dental caries with the progression of
HIV infection. A similar relationship was
observed when the immunologic status of
the HIV-infected children was correlated
with caries indices. The most immuno-
compromised children (classification 2 and
3) showed a trend toward elevated caries
experience (dmfs+wsl ¼ 8.86 and 10.13,
respectively) when compared to children
with immune classification 1 (dmfs+wsl
¼ 5.25), although the results did not reach
statistical significance.

Relationship between HIV infection and

salivary levels of cariogenic

microorganisms

The levels of the cariogenic microorgan-
isms S. mutans, S. sobrinus and L. acido-
philus in saliva from HIV-positive and
HIV-negative children are summarized in
Table 2. The distribution of cariogenic

microorganisms was similar in the two
groups, although the levels of all three
microorganisms were below 106/ml in
more HIV-positive children.

Salivary IgA and specific IgA to cariogenic

microorganisms

HIV-infected children presented with sig-
nificantly higher levels of total salivary IgA
than the HIV-negative controls (51.9 lg/
ml ± 3.2 and 45.6 lg/ml ± 2.6, respect-
ively [mean ± standard error of the mean])
(Fig. 4). However, there was no difference
between the two groups in levels of specific
IgA to S. mutans, S. sobrinus or L. acido-
philus (Fig. 5). There was also no statisti-
cally significant difference between the
levels of salivary IgA among the HIV-
positive children, classified according to
their clinical manifestations. However, a
small trend towards lower levels in the
asymptomatic children, followed by higher
IgA levels in the groups with mild and
moderate symptoms and a return to lower
levels in theAIDS groupwas noted (Fig. 6).
A similar trend was seen with respect to the

immunologic classification. Children with-
out immunodeficiency and with CD4 levels
>1000 (score 1) showed lower levels of
antibodies (both total and specific) than
children with mild immunodeficiency
(score 2). However, HIV-positive children
with severe immunodeficiency (CD4 levels
<500 ) score 3) had lower levels than the
group with mild immunodeficiency. These
data suggest that HIV infection does not
have a major impact on salivary IgA
responses to cariogenic bacteria.
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Table 2. Distribution of microbiological scores in HIV-positive (n ¼ 39) and control (n ¼ 40)
children. Scores were assigned as: 0 – not detected; 1 – <106 cells/ml; 2 – 106 cells/ml; 3 – >106 and
<107 cells/ml; 4 – 107 cells/ml and 5 – >107 cells/ml

Bacterium

Level of microorganisms

0 (%) 1 (%) 2 (%) 3 (%) 4 (%) 5 (%) n

S. mutans
HIV 10 (25.6) 14 (35.9) 5 (12.8) 6 (15.4) 3 (7.7) 1 (2.6) 39*
Control 3 (7.5) 13 (32.5) 9 (22.5) 13 (32.5) 1 (2.5) 1 (2.5) 40

S. sobrinus
HIV 11 (28.2) 13 (33.3) 8 (20.5) 4 (10.3) 2 (5.1) 1 (2.6) 39*
Control 3 (7.5) 5 (12.4) 14 (35.0) 17 (42.5) 1 (2.5) – 40

L. acidophilus
HIV 13 (33.3) 11 (28.2) 7 (17.9) 7 (17.9) 1 (2.6) – 39*
Control 4 (10.0) 14 (35.0) 9 (22.5) 7 (17.5) 6 (15.0) – 40

*The microbiological assessment could not be performed in one HIV-positive child.
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Fig. 6. Concentrations in ELISA units of IgA
antibodies to S. mutans (Sm); S. sobrinus (Ss)
and L. acidophilus (La) in the saliva of HIV-
positive children (n ¼ 40) distributed according
to their clinical classification: N ¼ lack of signs
and symptoms, A ¼ mild symptoms, B ¼ mod-
erate symptoms, C ¼ AIDS associated diseases
(N [n ¼ 4]; A [n ¼ 5]; B [n ¼ 7] and C
[n ¼ 24]). Standard error of the mean is given
in brackets.
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Transferrin concentration in saliva

samples

Leakage of blood and GCF into the oral
cavity may compromise the measurement
of salivary components (43). In order to
estimate the level of contamination of the
saliva samples by potential extraoral
sources of IgA, the levels of transferrin
were calculated for each sample. Transfer-
rin is a large protein found in great
quantities both in blood and in GCF, but
it is present in minute amounts in saliva.
The results demonstrated that both groups
presented only trace amounts of transferrin
in saliva: 0.187 mg/dl ± 0.031 and
0.167 mg/dl ± 0.035 (mean ± standard
error of the mean) for the HIV-positive
and control groups, respectively. There
was also no significant difference between
the groups (P-value ¼ 0.52 using the
Mann–Whitney test). Therefore, we con-
clude that the contamination of serum and
GCF in our saliva samples was only
marginal.

Discussion

HIV infection profoundly affects host
immune responses, resulting in opportun-
istic infections secondary to immunosup-
pression. In the present case control study
of 2–5-year-old children, we found a
statistically significant increase in the
prevalence of caries in HIV-infected chil-
dren, with the strongest relationships with
incipient caries (‘white spot lesions’).
Most studies of the dental caries status

of HIV-infected children have demonstra-
ted a higher prevalence of caries in is
group compared to healthy subjects (6, 13,
16, 17, 34, 35, 44, 47). Such a discrepancy
was also observed by Hicks et al. (19)
when his data for HIV-infected children
were compared with indexes from national
surveys in the US. Children between the
ages of 2 and 4 had a dmft of 2.7 in his
study, in contrast to a national mean of 1.2
for this age group. Other findings, such as
those reported by Madigan et al. (27), also
corroborate our results. In their study,
children between 3 and 6 years of age
presented a dmfs of 8.2, while their
uninfected siblings had a dmfs of
only 4.8.
In search of the causes of such a high

prevalence of dental caries in HIV-infected
subjects, several authors have correlated
this finding with the high sugar content
present in their medications. In the treat-
ment of HIV-infected children, the medi-
cation is often mixed with sugar solutions
and given in a nursing bottle. According to

Roberts & Roberts (36), liquid, sweet
medications are capable of inducing caries
irrespective of other dietary factors and
due to their constant use, children with
chronic medical disorders are at risk for
developing dental caries as a result of the
treatment for their primary condition. HIV-
infected children most definitely fall into
this category. Despite not being the
purpose of our work to investigate the
correlation between the sugar content of
medications and caries experience of HIV-
infected children, it must be pointed out
that 85% of the test group was under
antiretroviral therapy, most of which was
administered via a syrup vehicle. Hence, a
possible contribution of the sugar content
in medications cannot be ruled out.
Reduced salivary flow may also increase

caries risk. Several medications utilized in
the treatment of HIV infection such as
didanosine, and the presence of hypertro-
phy of the parotid gland (a condition also
associated with HIV infection), may re-
duce the production of saliva by infected
children, elevating their chances of devel-
oping dental caries (15, 25, 28, 38). In the
present study, 53% of infected children
were receiving didanosine and 5% of the
test group had salivary gland alterations.
Although we did not determine salivary
flow rates, the use of didanosine by the
majority of HIV-infected children in our
sample, coupled with the presence of
salivary gland enlargement in a proportion
of these patients, may have also influenced
the caries risk in this group.
HIV infection is one of the conditions

associated with nutritional deficiency,
resulting from the oral lesions that are
associated with HIV infection and which
directly affect food ingestion (1). To
overcome this problem, physicians often
recommend a hypercaloric diet (21). Since
most of our sample was composed of
children with frank AIDS, it is likely that
they were on a hypercaloric regimen,
which may also increase their caries risk.
In their work, Madigan et al. (27) could
not demonstrate a higher sugar intake by
their study population of HIV-infected
children, when compared with healthy
siblings, even when the use of medications
was taken into account. Nevertheless, his
sample was composed of relatively healthy
patients, most presenting good general
health despite the HIV infection. Hence,
their need for nutritional supplements was
probably lower than in the present study
group. On the other hand, their findings
suggest that other mechanisms were
responsible for the elevated caries risk in
the HIV-infected children.

The immunologic deficiency resulting
from the progression of HIV infection has
been reported as a risk factor for dental
caries in children by several authors (6, 19,
27, 45, 47). Valdez et al. (45) were the first
to correlate caries prevalence with the
immune deficiency of HIV-infected
patients, reporting that the most systemic-
ally compromised children presented with
more decay. This association between the
immune status and caries risk was also
suggested by Madigan et al. (27), who
failed to find differences in sugar intake
and levels of cariogenic bacteria (S. mutans
and Lactobacillus) that could explain a
higher prevalence of caries. In the present
study, it was seen that caries prevalence
increased with the worsening of the clinical
condition of the HIV-positive children.
When categorized according to their clin-
ical status, the average dmft, dmft+wsl,
dmfs and dmfs+wsl of the test group
increased gradually with the evolution of
the infection, with children with moderate
and severe clinical symptoms presenting
scores much higher than those with mild
symptoms or without manifestations
(Fig. 3). This trend could be confirmed by
regression analysis of dmft+wsl and
dmfs+wsl against the clinical classifica-
tions, demonstrating a statistically signifi-
cant correlation (P < 0.05). Madigan et al.
(27) also reported that children at a more
advanced disease stage had a higher caries
prevalence. A similar trend could be
detected within the immune classification;
patients with moderate to severe immuno-
suppression presented a higher caries
prevalence than patients without immuno-
suppression. In a previous report, our group
has also described a trend towards clinic-
ally and immunologically compromised
young patients (up to 5 years old) present-
ing with more caries (6). In this regard,
Hicks et al. (19) found an increased num-
ber of carious lesions with the decline in
the percentage of CD4+ cells and Vieira
et al. (47) have reported an increased
incidence of caries in children with a
CD4 : CD8 ratio of less than 0.5, when
compared to children with a ratio greater or
equal to 0.5.
In light of the pivotal role of CD4+ cells

in the maturation of the mucosal immune
system, and the fact that HIVinfection leads
to a decrease in the numbers of such cells, it
is expected that secretory immunity, inclu-
ding salivary IgA, would be compromised
with the progression of HIV infection.
Sweet et al. (40) found that HIV-infected
individuals had elevated levels of serum
immunoglobulins, whereas salivary IgA
levels were reduced. However, a reduction
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in the salivary flow of the HIV-infected
subjects may have impacted on the salivary
IgA levels in that study. Indeed, the same
group could not confirm these observations
in a later study, in which antibody titers to
Candida albicans and to S. mutans were
increased in whole and parotid saliva from
HIV patients. Atkinson et al. (2) also
reported elevated levels of salivary IgA,
consistent with the well-established rise in
systemic immunoglobulins that follows
HIV infection. Such findings conflict with
the immunosuppression that ensues the
infection by HIV, raising questions about
the function of such antibodies.
In our study, total salivary IgA was

quantified in whole saliva, collected after
stimulation with paraffin chewing. This
form of saliva collection may increase the
contribution of nonsalivary IgA, arising
from the circulation through the GCF and
lesions present in the oral cavity. This is
particularly relevant in our study, since the
HIV-infected children are more susceptible
to intraoral lesions such as gingivitis,
linear gingival erythema and candidiasis,
and increased levels of serum IgA have
been found in AIDS patients (22, 41, 42).
To account for the possible contribution of
nonsalivary sources of IgA, we quantified
transferrin in our samples. This large
protein is present in large quantities in
plasma and GCF, but minimally present in
saliva (11). Our data clearly demonstrated
that transferrin was only present in trace
amounts in both groups and, more import-
antly, there was no significant difference in
the levels of transferrin between the two
groups. Hence, it is unlikely that serum
contamination of our samples had an
impact on the findings reported here.
HIV-infected children presented total

salivary IgA levels that were significantly
higher than in children in the control group.
However, there were no differences with
respect to specific IgA to cariogenic bac-
teria. Myint et al. (32), reported similar
findings of higher levels of total IgA in
HIV-positive patients. This increased
immune reaction is most probably a
response to the higher level of antigens
present in the oral cavity of these patients,
who suffer from opportunistic infections
such as candidiasis (8, 10, 12). Sweet et al.
(40) found that antibody titers to cells of
C. albicans were correlated with the pres-
ence of candidiasis, indicating an antibody
response to antigenic challenge despite the
HIV infection. Mandel et al. (28) also failed
to find reductions in the IgA titers in HIV-
infected subjects. It would seem that, in
general, HIV-positive children maintain
an intact immune response capacity to a

number of antigens presented to the
mucosal immune system. It is possible that
the level of CD4+ helper activity, although
reduced, is still sufficient to induce normal
mucosal responses to oral microorganisms
in HIV-infected individuals, at least until
the later stages of disease. This is supported
by our observation that HIV children with
the most severe disease had lower IgA
levels than those with mild or moderate
disease (Fig. 6). In addition, it is possible
that compensatory mechanisms for IgA
productionmay be in place in these patients,
such as polyclonal B-cell activation (8).
This observation, coupled with the ten-

dency for clinically compromised HIV-
positive children to have more dental
caries, suggests that this increased salivary
IgA concentration is a result of infection,
instead of filling a protective role. The
decrease in humoral response, noted in the
progression from HIV infection to AIDS,
despite an increased prevalence of dental
caries, suggests that the compensatory
response is overcome with progressive
immunodeficiency induced by the HIV
virus. Justifying the high bacterial burden
of mutans streptococci and lactobacilli
found in their sample of HIV-infected
children, Madigan et al. (27) suggested
that lack of early salivary exchange
between HIV-positive patients and their
caretakers would delay the initiation and
development of a protective salivary IgA
response. They also implied that the high
levels of contamination could result from a
loss of immune response to caries-associ-
ated flora as the disease progresses.
Coogan et al. (10) also reported compar-

able findings when quantifying anti-Can-
dida IgA in the secretions from the parotid
gland. They reported that the amount of IgA
was lower in AIDS patients than in HIV-
infected subjects and concluded that this
could be an indicator of immunosuppres-
sion and a marker for the progression of
HIV infection to AIDS. Studying responses
to a pneumococcal vaccine in both serum
and saliva, Mascart-Lemone et al. (29)
found that both serum and saliva IgA
responses were depressed in patients with
CD4 counts of less than 500. Challacombe
& Sweet (8) confirmed such findings,
working with whole saliva and parotid
saliva from HIV-infected patients. In their
study, the levels of IgA to Candida and
S. mutans were raised for patients infected
with HIV but reduced in AIDS patients,
indicating that the immune response was
being compromised by the evolution of the
HIV infection.
HIV-infected patients may have a

reduced salivary flow rate (15, 25, 28,

38). Alterations in salivary flow may
increase the concentration of its constitu-
ents, despite an overall lower output
(23, 46). We did not normalize our saliva
samples based on flow due to the difficul-
ties of making this measurement in the
field. It is therefore possible that differ-
ences in salivary flow rate between the
groups could be responsible for the higher
concentration of total IgA in the HIV-
infected group. Nevertheless, an investiga-
tion into the effects of early HIV infection
in salivary function not only confirmed our
findings of increased concentration of total
salivary IgA, but also showed that the only
salivary component displaying an
increased secretory rate was secretory
IgA (26). Furthermore, not every study
has reported a reduced salivary flow in
HIV-infected patients (31, 33). Even so, a
possible impact of a reduced flow rate in
the saliva of HIV-positive children cannot
be ruled out, and our findings should be
interpreted with this caveat in mind.
Despite a higher prevalence of dental

caries in HIV-infected children, the quan-
tification of cariogenic microorganisms
(S. mutans, S. sobrinus and L. acidophilus)
showed a similar level of colonization by
these microorganisms. Madigan et al. (27)
verified that children infected with HIV had
higher levels of S. mutans and Lactobacil-
lus than their HIV-negative siblings. How-
ever, when only the data for the younger
children (3–6 years old) were analyzed, the
number of patients with more than 106

colony-forming units of S. mutans was
higher for the test group. These findings
contrast with those presented by Hicks
et al. (19), who observed that the immuno-
suppression and the decline in CD4 cells
could elevate the number of cariogenic
bacteria in saliva and, consequently, in the
dental plaque of HIV-positive pediatric
patients. Their results demonstrated that
the levels of S. mutans and Lactobacillus,
as well as the caries prevalence, was
significantly correlated with the time of
HIV infection, a factor associated with the
severity of the disease.
It remains difficult to explain the pres-

ence of higher levels of incipient decay in
the HIV group, despite similar levels of
caries-associated microorganisms and spe-
cific IgA to these bacteria in both groups.
As noted above, Madigan et al. (27) also
failed to find a higher level of infection by
S. mutans in an HIV cohort, when younger
subjects were considered separately. There
are several potential explanations for these
observations. First, the SIgA antibodies
produced in HIV-infected children may be
of lower avidity than those produced in
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healthy subjects (2). Millon et al. (30)
demonstrated that HIV-infected patients
could produce high levels of specific
salivary antibodies to Candida antigens;
however, these antibodies were not effi-
cient in limiting candidiasis. Second, other
elements of the immune system, in partic-
ular molecules such as lactoferrin and
lysozyme, may also be compromised in
the saliva of HIV patients (3, 9).
In conclusion, the presence of increased

titers of salivary IgA specific to cariogenic
bacteria, associated with high levels of
cariogenic microorganisms and an elevated
prevalence of caries in HIV-infected chil-
dren, reveals that they maintain the capa-
city to mount a mucosal immune response.
However, in advanced stages of the disease
(AIDS), this system shows signs of com-
promise. Despite the presence of very high
levels of colonization by cariogenic micro-
organisms and carious lesions, there is a
decrease in the level of response, measured
by the quantification of IgA.
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