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Dental caries is a bacterial infection caused by acidogenic and 
aciduric bacteria colonizing in the oral cavity.1,2 Being one of the
most prevalent chronic diseases worldwide, individuals are sus-
ceptible to dental caries during their entire lifetime.1 Mutans 
streptococci (MS), Lactobacillus acidophilus, and Lactobacillus 
casei contribute to the cariogenic potential of dental plaque.casei contribute to the cariogenic potential of dental plaque.casei 3,4

The presence of MS in the plaque or saliva of young, caries-free
children appears to be associated with a considerable increase
in caries risk.5 Saliva, oral hygiene, and diet are well-known
factors that affect the colonization of Streptococcus mutans. They 
do not, however, fully explain the interindividual differences
in colonization levels,6-11 and the essential role of MS in the caries
process is not proved.6 Therefore, it is important to identify
factors that may infl uence their colonization. If the caries 
susceptibility is in part infl uenced by the oral microbiota, then

one’s immune response capability may also be modulating this 
process,12 and there are data to support an immunological basis 
for caries resistance. Caries-free individuals have been observed 
to increase serum antibody titers to streptococcal antigens.13 

Moreover, the T-lymphocytes from these individuals have an 
enhanced ability to proliferate upon exposure to streptococcal 
antigens.14 Caries-resistant subjects have also been observed to
generate greater T-helper cell activity to a lower dose of purifi ed
streptococcal antigen compared to caries-prone individuals.15

The term HLA refers to the human leukocyte antigen system,HLA refers to the human leukocyte antigen system,HLA
which is controlled by genes on the short arm of chromosome 
6. The HLA loci are part of the genetic region known as the 
major histocompatibility complex (MHC). The MHC has 
genes (including HLA) that are integral to normal function-
ing of the immune response.16,17 The essential role of HLA 
antigens lies in the control of self-recognition and, thus, 
defense against micro-organisms. Based on the structure of the
antigens produced and their function, there are 2 classes of HLA
antigens, termed HLA Class I and Class II. The remaining sec-
tion, sometimes known as Class III, contains loci responsible for 
complement, hormones, intracellular peptide processing, and 
other developmental characteristics. Thus, the Class III region
is not actually a part of the HLA complex, but is located within 
the HLA region, because its components are either related to 
the functions of HLA antigens or are under similar control me-
chanisms to the HLA genes. 
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Abstract:  Purpose: The purpose of this study was to investigate a possible relationship between human leukocyte antigens (HLAs) DRB1 and DQB1, 
dental caries, and colonization by mutans streptococci (MS) in children.  Methods: Sixty children were clinically examined for caries in accordance with 
World Health Organization criteria and methods. Thereafter, subjects were assigned into 2 groups: (1) high-caries children (dft and DMFT ≥5); and (2) 
caries-free children (dft and DMFT=0). Fresh saliva samples were collected and tested for mutans streptococci, after which the subjects were placed into 2 
groups, having either high (≥groups, having either high (≥groups, having either high ( 105 colony-forming units [CFU]/mL saliva) or low (<105 CFU/mL saliva) numbers  of micro-organisms in saliva. The polymerase 
chain reaction/sequence specifi c primer method was used to determine HLA DNA typing from fresh blood samples.  Results: There was no signifi cant 
difference between the frequency of HLA alleles in high-caries and caries-free subjects. Although chi-square test suggested an association for HLA-DRB1*01 
and HLA-DQB1*03 with the salivary numbers of MS (P=.026 and P=.009, respectively), these could not be confi rmed by logistic regression analysis 
(P=.188 and P=.101, respectively). Conclusions: The results obtained fail to establish an association between human leukocyte antigen alleles DRB1 and 
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Routine Tissue Typing identifi es the alleles at 3 HLA Class I 
loci (HLA-A, B, and C) and 3 Class II loci (HLA-DR, DP, and 
DQ). More diseases, mainly autoimmune, have been shown 
to be associated with alleles of the HLA region than any other 
genetic region.genetic region.18 The penetrance of disease in individuals  The penetrance of disease in individuals 
carrying the associated HLA allele is often low, however, which carrying the associated HLA allele is often low, however, which 
can be attributed to environmental factors and to the infl uence 
from other genes.18 HLA-associated diseases have been identi-
fi ed in virtually every major organ system, and most of them are
regarded as autoimmune diseases.19 Several population studies 
are available suggesting the association of HLAs in more than 
40 diseases.19 Diseases with a strong link to certain HLA genes 
include type I diabetes,20,21 rheumatoid arthritis,22,23 ankylosing 
spondylitis,24,25 and celiac disease.26 Infectious diseases—such as 
malaria,27 tuberculosis,28,29 leprosy,30 hepatitis B,31 hepatitis C,32

and HIV/AIDS33,34—are also associated with increased or 
decreased susceptibility with HLA.19,35 

The intricate immune processes that regulate the produc-
tion of antibodies in saliva are infl uenced by the HLA molecules 
on the immune cells.36,37 Lehner et al15 have reported that 
lymphocytes from caries-resistant humans released helper factor 
(ie, cytokines) on the addition of 1 to 10 ng of the purifi ed
streptococcal antigen (SA) I/II, whereas lymphocytes from 
caries-susceptible subjects required 1,000 ng SA I/II for a
similar release of helper factor.38 This difference in dose response
was analyzed in relation to the HLA antigens, and a signifi cant 
relationship was observed for the HLA-DR4 antigen. The 
serologically defi ned DR4 group can genetically be divided 
into at least 19 DRB1* subgroups.37 The subgroups refl ect 
the amino acid variation of the peptide-binding groove in the 
HLA-DR molecule. As the immune response depends on the 
affi nity between the antigenic peptide and the HLA Class II 
molecule, a search for an association between HLA and anti-
body response may preferably be sought on a subgroup level.39,40

In light of these observations, the alleles of HLA Class II 
genes, which are engaged in the wide range of immune response, 
may play a role in oral accumulation of MS. Consequently, 
the aim of this study was to investigate a possible relationship 
between HLA antigens DRB1 and DQB1, dental caries, and 
colonization by MS in children. 

Methods
Sixty 5- to 12-year-old Caucasian children (29 females and 31 
males) were recruited among patients attending the department 
of pediatric dentistry Gulhane Medical Academy, Ankara, 
Turkey.  After explaining the study protocol in detail to parents 
and legal guardians, their informed consent was obtained to 
allow for the experimental procedure. Both the consent form 
and the research protocol were approved by the Institutional 
Human Subject Review Committee at the Gulhane Medical 
Academy.  Patients who had taken antibiotics or fl uoride supple-
ments or had undergone preventive and/or restorative treat-
ments within the past 3 months were excluded. 

Clinical examination of dental caries was carried out 
using a mirror and explorer, in accordance with World Health 
Organization criteria and methods.41 The total number of  The total number of 
decayed, missing, and fi lled permanent and primary teeth 
(DMFT, dmft) were recorded in each patient without radio-(DMFT, dmft) were recorded in each patient without radio-
graphic exams. Accordingly, subjects were assigned into 2 graphic exams. Accordingly, subjects were assigned into 2 
groups: (1) group 1=high-caries children (dft and DMFT ≥5); 
and (2) group 2=caries-free children (dft and DMFT=0). 

Saliva was collected for each subject at the same clinical
examination appointment. The procedure was carried out be-
tween 9:30 a.m. and 12 noon, and each patient was instructed 
not to eat or drink for 1 hour preceding an appointment. Before
starting saliva collection, each patient was given a simple expla-
nation as to the nature and reason for the tests. They were seated
in a dental chair in a quiet surgery setting and given time to ac-
climate to the environment. Approximately 5 mL of whole 
paraffi n-stimulated fresh saliva was collected from each patient 
and immediately transferred to the laboratory inside sterile 
disposable plastic containers. Each sample was subjected to 
1/10, 1/100, 1/1,000 dilution. Diluted samples were directly 
transferred to 5% blood sheep agar and mitis-salivarius agar 
(Biological Labs Inc, Baltimore, Md) and incubated for 48 
hours at 37ºC in a CO2 incubator. Thereafter, micro-organisms 
were identifi ed using API ID 32 Strep (Biomerieux, France) and
calculated as colony forming units (CFUs). The subjects were 
placed into 2 groups, having either high or low numbers of micro-
organisms in saliva samples (Table 1). Cutoff points for high 
numbers were defi ned as ≥105 CFU per mL of saliva for MS.42

DNA extraction and polymerase chain reaction (PCR) PCR) PCR
amplifi cations were performed according to the manufacturer’s 
instructions of the kits used. DNA extraction was carried out by
the conventional phenol-chloroform method from 2 to 5 mL
fresh whole blood. The PCR/sequence specifi c primer (PCR/
SSP) method HLA SSP Typing Kit (R.O.S.E. Europe GMBH, 
Frankfurt, Germany) was used to determine HLA typing. 
Accordingly, DNA sequences are amplifi ed with the help of 
specifi c primers that bind only to a complementary DNA se-
quence. Only if the primer matches exactly with the target DNA
can this DNA be amplifi ed very effi ciently, as opposed to primers
with mismatches. The HLA SSP kit primers are designed to match
only completely with one single allele or allele group. 

   Table 1.    COMPARISON BETWEEN LOW AND HIGH 
                     NUMBERS OF MUTANS STREPTOCOCCI (MS) 
                     IN RELATION TO MEANS OF DFT AND DMFT

MS (CFU/mL) Low( <105) High (≥105) P-valueP-valueP

No. of subjects 41 19

Gender (male/female) 21/20 11/8 .65

Age (mean±SD) 9.56±1.59 10.11±1.37 .21

dft (mean±SD) 1.85±2.99 3.42±2.17 .045

DMFT (mean±SD) 1.44±2.61 5.05±4.12 <.001
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A dried primer stock solution consisting of an HLA specifi c 
primer mix (ie, allele and group specifi c primers and internal 
positive control primer pairs) was aliquoted in 0.2 mL PCR 
tubes. To check PCR conditions, the internal positive control 
primer pairs that amplify the human growth hormone gene 
segments were used in each specimen. The PCR master mix
contained 0.4 U/ul Taq polymerase, 200 uM dNTPs, 50 mM 
KCl, 1.5 mM MgCl2, 10 mM Tris-HCl (pH 8.3), 0.001% w/v
gelatin, 5% glycerol, and 100 ug/mL cresol red at fi nal con-
centration. The amplifi cation reaction contained 2 uL template 
DNA (20-100 ng/mL), 3 uL PCR master mix, and 5 uL 
nuclease-free dH2O for 1 SSP reaction. PCR cycling parame-
ters included: 
 1.  denaturation at 94ºC for 2 minutes; 
 2.  1 cycle, denaturation at 94ºC for 10 seconds, annealing, 

and extension at 65ºC for 60 seconds; 
 3.  10 cycles, denaturation at 94ºC for 10 seconds, annealing

at 61ºC for 50 seconds, extension at 72ºC for 30 seconds; 
 4.  20 cycles, as per the manufacturer’s descriptions (HLA 

DR&DQ Combi SSP, Olerup SSP AB, Saltsjöbaden,  
Sweden). 
PCR products were electrophoresed on 2% agarose gel. 

Presence and relative lengths of the specifi c PCR products 
were interpreted with Helmberg-Score interpretation software 
(GenoVision Inc, West Chester, Pa).

Statistical analysis. SPSS statistical software (v. 11.5, SPSS Inc,
Chicago, Ill) was utilized for statistical analysis of the data. 
Mean age (±SD) and dft-DMFT were calculated and compared 
with the salivary numbers of MS. The signifi cance of the differ-
ence of means was evaluated with chi-square tests or Student’s 
t test at a signifi cance level of 5%. When appropriate, the t test at a signifi cance level of 5%. When appropriate, the t
frequencies of alleles and haplotypes were compared between 
high and low numbers of salivary oral micro-organisms using 
Fisher’s exact test (P=.05) or chi-square test. Backward logistic P=.05) or chi-square test. Backward logistic P
regression was used to evaluate the associations between caries 
and HLA groups and between the MS levels and HLA groups. 
Covariance analysis was used to assess the variables affecting 
dft and DMFT levels. 

Results
The average patient age was 9.73±1.54 (SD) years. Of the 60 
samples tested for MS, 41 had low and 19 had high salivary 
numbers (Table 1). The low and high numbers for MS were not 
signifi cantly related to the mean age and gender of subjects 
(P>.05). The mean dft and DMFT were signifi cantly higherP>.05). The mean dft and DMFT were signifi cantly higherP
in the high-number group (≥105 CFU /mL saliva) for MS
than that of the low-number group (<105 CFU/mL saliva; 
P=.045 and P=.045 and P P<.001, respectively; Table 1).P<.001, respectively; Table 1).P

A possible relationship between dft/DMFT and MS was
assessed by covariance analysis. Accordingly, dft and DMFT 
were used as dependent variables, MS levels were used as inde-
pendent variables, and age was used as a covariate. Signifi cant 

relationships were found between levels of MS and both dft 
(f=7.54, P=.008) and DMFT (f=14.96, P=.008) and DMFT (f=14.96, P P=.001).P=.001).P

Frequencies of HLA-DRB1 and HLA-DQB1 alleles in the
low-number and high-number groups of MS are presented in 
Table 2. HLA-DRB1*01 and HLA-DQB1*03 were associated
with the salivary numbers of MS (P=.026 and P=.026 and P P=.009, respec-P=.009, respec-P
tively). When the data were analysed by logistic regression, 
however, the associations for HLA-DRB1*01 and HLA-
DQB1*03 could not be confi rmed (Table 3).

The frequency of HLA-DRB1 and HLA-DQB1 alleles 
and caries are presented in Table 4. There was no difference 
between frequencies of HLA type in the high-caries and 
caries-free subjects (P>.05).P>.05).P

Discussion
MS are found in almost all individuals, though there are large 
differences in the colonization levels between them. These 
differences are not readily explained, while several factors be-
longing to the individual (diet, oral hygiene, fl uoride exposure, 
etc) are believed to infl uence the colonization. Although the 

* P-values were computed from the chi-square test; (P-values were computed from the chi-square test; (P N)=no. of subjects 
presented in Table 1.

   Table 2.    FREQUENCIES (%) OF HLA-DRB1 AND HLA-DQB1 ALLELES IN 
                      LOW AND HIGH SALIVARY NUMBERS OF MUTANS 
                      STREPTOCOCCI (MS)*

MS (CFU/mL)

Total (+) 
N=60

Low( <105)
N=60

High (≥105)
N=60

P-valueP-valueP

N(%) N(%) N(%)

DRB1*01 17 (28) 8 (20) 9 (47) .03

DRB1*02 1 (2) 1 (2) 0 (0) <.001

DRB1*03 10 (17) 6 (15) 4 (21) .71

DRB1*04 13 (22) 10 (24) 3 (16) .52

DRB1*07 6 (10) 4 (10) 2 (11) <.001

DRB1*08 8 (13) 5 (12) 3 (16) .70

DRB1*09 4 (7) 1 (2) 3 (10) .09

DRB1*10 4 (7) 2 (5) 2 (11) .59

DRB1*11 17 (28) 13 (32) 4 (21) .39

DRB1*12 3 (5) 2 (5) 1 (5) <.001

DRB1*13 12 (20) 9 (22) 3 (16) .74

DRB1*14 9 (15) 6 (15) 3 (16) <.001

DRB1*15 5 (8) 4 (10) 1 (5) <.001

DRB1*16 7 (12) 7 (17) 0 (0) .09

DQB1*02 25 (42) 17 (42) 8 (42) .97

DQB1*03 42 (70) 33 (81) 9 (47) .01

DQB1*04 12 (20) 6 (15) 6 (32) .17

DQB1*05 24 (40) 14 (34) 10 (53) .17

DQB1*06 9 (15) 5 (12) 4 (21) .45
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present study’s results confi rm the well-known relationship 
between dental caries and salivary numbers of MS,43-46 this 
study’s main purpose was to investigate a possible relationship 
between HLA-DRB1 and HLA-DQB1 alleles and dental caries 
as well as colonization by MS. To the best of our knowledge, 
this is the fi rst study conducted in a child population to search
for a possible association between MHC genes and MS levels.

We did not observe an association between any of the studied 
alleles with the DMFS index. This fi nding is line with previous 
studies that failed to observe an association between dental caries 
and HLA-DRB1 alleles.12,47 This is not surprising, considering 
that caries formation depends on many factors besides the levels 
of cariogenic organisms and immune responsiveness, including 
diet, tooth anatomy, and overall health.10,48,49

Lehner et al15 analyzed the distribution of HLA-DR antigens
in a group of 24 individuals with either high or low DMFS 
indices. They showed that HLA DRw6-1,2,3 had a signifi cant 
relationship with the DMFS index and a low-dose response to MS
antigens. HLA-DR4 did not demonstrate the same relationship 
to caries incidence. A similar study was conducted by de Vries 
et al47 on military recruits matched for all criteria other than 
caries-free and caries-active, but no relationship was observed 
between the HLA-DR types and caries incidence. In our study, 
there was no relationship between the dft-DMFT scores and 
HLA-DRB1 and HLA-DQB1 alleles.

Acton et al12 have shown that DRB1*04 allele frequencies 
in African American women are positively associated with MS 
levels. They also observed a signifi cant association between 
DRB1*3 and higher MS CFUs and between DRB1*8 and 
higher levels of MS as a percentage of total streptococci.12 

Ozawa et al50 reported that salivary numbers of MS were weakly
associated with only HLA-DQB1*0601. 

Wallengren et al16 showed lower salivary IgA activity to 
S mutans in HLA-DRB1*0401 and HLA-DRB1*0404. They S mutans in HLA-DRB1*0401 and HLA-DRB1*0404. They S mutans
also showed that HLA-DRB1*04 was not found in immuno-
suppressed renal transplant individuals who had low levels of 
MS colony forming units (CFUs), but was present in 48% of 
those with high levels.16 In healthy individuals, there was an 
insignifi cant increase in the frequency of HLA-DRB1*04 in 
those with high levels of MS. Among a group of dental faculty, 
students, and staff, the frequency of HLA-DRB1*04 had also 
increased in those with high levels of MS.51 This difference, 
however, was not statistically signifi cant. Finally, Wallengren 
et al40,52 reported that the HLA DRB1*04 antigen correlated 
positively with MS colonization and may play a role in control-
ling dental caries. In our study, no association was observed 
between HLA-DRB1*04 and MS.

In the present study, the chi-square test showed that 
HLA-DRB1*01 and HLA-DQB1*03 were associated with the 
salivary numbers of MS. This association, however, was not con-
fi rmed when the data were subjected to logistic regression. 
Since the presence/absence of alleles is a binary variable for each 
individual, logistic regression had to be carried out—including
other variables such as MS (high/low)—to predict the frequency 
of the alleles. Using a signifi cance level of 5%, 1 in 20 tests will 
be signifi cant by chance. Of the 38 different tests carried out 
(19 alleles for both DRB1* and DQB1*) one would expect 2 to 
be signifi cant by chance. According to the chi-square statistics, 
there were only 2 statistically signifi cant results, leading to the 
conclusion that very little weight can be placed on these. With 

* Mutants streptococci
† P-values were computed from the chi-square test; (P-values were computed from the chi-square test; (P N)=no. of subjects 
presented in Table 1.

  Table 3.     RESULTS OF THE LOGISTIC REGRESSION ANALYSIS FOR 
                     HLA-DRB1*01 AND HLA-DQB1*03 ALLELES

MS* Caries

OR (95% CI) P-valueP-valueP † OR (95% CI) P-valueP-valueP

Mutans 20.57 (3.55-119.21) .001

Caries 19.63 (3.46-111.48) .001

DRB1*01 2.05 (0.42-9.88) .373 1.74 (0.36-8.39) .49

DQB1*03 0.335 (0.08-1.48) .149 0.62 (0.13-2.91) .62

Age 1.33 (0.81-2.18) .266 0.66 (0.41-1.05) .08

* N=no. of subjects presented in Table 1.

   Table 4.     FREQUENCIES (%) OF HLA-DRB1 AND HLA-DQB1 ALLELES 
                      AND CARIES STATUS*

CARIES

High caries 
N=30

Caries-free 
N=30

Total (+) 
N=60

P-valueP-valueP

N(%) N(%) N(%)

DRB1*01 11(37) 6 (20) 17 (28) .15

DRB1*02 1 (3) 0 (0) 1 (2) <.001

DRB1*03 5 (17) 5 (17) 10 (17) <.001

DRB1*04 7 (23) 6 (20) 13 (22) .75

DRB1*07 2 (7) 4 (13) 6 (10) .67

DRB1*08 4 (13) 4 (13) 8 (13) <.001

DRB1*09 1 (3) 3 (10) 4 (7) .61

DRB1*10 3 (10) 1 (3) 4 (7) .61

DRB1*11 6 (20) 11 (37) 17 (28) .15

DRB1*12 3 (10) 0 (0) 3 (5) .24

DRB1*13 6 (20) 6 (20) 12 (20) <.001

DRB1*14 3 (10) 6 (20) 9 (15) .47

DRB1*15 3 (10) 2 (7) 5 (8) <.001

DRB1*16 3 (10) 4 (13) 7 (12) <.001

DQB1*02 13 (43) 12 (40) 25 (42) .38

DQB1*03 18 (60) 24 (80) 42 (70) .09

DQB1*04 5 (17) 7 (23) 12 (20) .52

DQB1*05 13 (43) 11 (37) 24 (40) .60

DQB1*06 7 (23) 2 (7) 9 (15) .15
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the number of patients ranging from 24 to as high as 102 or 186,
previous studies have reported associations to varying degrees.12,15,50

The results obtained in the present study fail to establish 
a direct association between HLA antigens DRB1 and DQB1 
and salivary numbers of MS in the selected child population. 
Several factors may account for these results and the results of 
previous reports. Antigens are specifi c for different species of 
MS, and perhaps the dental plaque comprised different species 
in previous studies. It is also conceivable that the pattern of 
HLA polymorphisms varies somewhat between racial and 
ethnic groups.12 If the numbers of subjects are higher, there 
may be stronger associations between HLA alleles and oral 
micro-organisms. Finally, further subgroups (eg, HLA DRB1 
0101, 0102, etc) may be associated with high-caries/caries-
free subjects and dft-DMFT scores, which warrant further 
research.

Conclusions
Based on this study’s results, the following conclusions can 
be made:
 1.  There was no signifi cant difference between the frequency 

of the studied human leukocyte antigen alleles in high-
caries/caries-negative subjects and dft-DMFT scores. 
Investigation of further subgroups, however, may reveal 
signifi cant associations.

 2.  The MS levels were not signifi cantly related to age and 
gender.

References
 1.  Selwitz RH, Ismail AI, Pitts NB. Dental caries. Lancet 2007;

369:51-9.
 2.  Loesche WJ. Role of Streptococcus mutans in human 

dental decay. Microbiol Rev 1986;50:353-80.
 3.  van Houte J. Role of micro-organisms in caries etiology. 

J Dent Res 1994;73:672-81.
 4.  Keyes PH. The infectious and transmissible nature of experi-

mental dental caries: Findings and implications. Arch Oral
Biol 1960;1:304-20.

 5.  Thenisch NL, Bachmann LM, Imfeld T, Leisebach Minder 
T, Steurer J. Are mutans streptococci detected in preschool 
children a reliable predictive factor for dental caries risk?
A systematic review. Caries Res 2006;40:366-74.

 6.  Beighton D. The complex oral microfl ora of high-risk 
individuals and groups and its role in the caries process. 
Community Dent Oral Epidemiol 2005;33:248-55.

 7.  Hahn CL, Liewehr FR. Relationships between caries 
bacteria, host responses, and clinical signs and symptoms 
of pulpitis. J Endod 2007;33:213-9.

 8.  Krasse B. From the art of fi lling teeth to the science of 
dental caries prevention: A personal review. J Public Health
Dent 1996;56:271-7.

 9.  Axelsson P, Kristoffersson K, Karlsson R, Bratthall D. A 
30-month longitudinal study of the effects of some oral 
hygiene measures on Streptococcus mutans and approximal Streptococcus mutans and approximal Streptococcus mutans
dental caries. J Dent Res 1987;66:761-5.

 10.  Caufi eld PW, Cutter GR, Dasanayake AP. Initial acquisi-
tion of mutans streptococci by infants: Evidence for a 
discrete window of infectivity. J Dent Res 1993;72:37-45.

 11.  Caufi eld PW. Dental caries—a transmissible and infec-
tious disease revisited: A position paper. Pediatr Dent 1997;
19:491-8.

 12.  Acton RT, Dasanayake AP, Harrison RA, et al. Associa-
tions of MHC genes with levels of caries-inducing 
organisms and caries severity in African American women. 
Hum Immunol 1999;60:984-9.

 13.  Challacombe SJ, Lehner T. Serum and salivary antibodies 
to cariogenic bacteria in man. J Dent Res 1976;55:139-48.

 14.  Lehner T, Challacombe SJ, Wilton JM, Ivanyi L. Immu-
nopotention by dental microbial plaque and its relationship
to oral disease in man. Arch Oral Biol 1976;21:749-53.

15.  Lehner T, Lamb JR, Welsh KL, Batchelor RJ. Association 
between HLA-Dr antigens and helper cell activity in the 
control of dental caries. Nature 1981;292:770-2.

 16.  Wallengren ML, Ericson D, Forsberg B, Johnson U. 
Human leukocyte antigens in relation to colonization by
mutans streptococci in the oral cavity. Oral Microbiol 
Immunol 1991;6:292-4.

 17.  Olerup O. HLA-asssociated Diseases With Special Refer-
ence to Multiple Sclerosis, Humoral Immunodefi ciencies, 
and 21-hydroxylase Defi ciency [thesis]. Stockholm, Sweden: 
Karolinska Institute, University of Stockholm; 1991.

 18.  de Vries RR. HLA and disease: Past, present, and future. 
Neth J Med 1994;45:302-8.

 19.  Ghodke Y, Joshi K, Chopra A, Patwardhan B. HLA and 
disease. Eur J Epidemiol 2005;20:475-88.

 20.  Seissler J, Hatziagelaki E, Scherbaum WA. Modern con-
cepts for prediction of type 1 diabetes. Exp Clin Endocrinol
Diabetes 2001;109:304-16.

 21.  Kukko M, Virtanen SM, Toivonen A, et al. Geographi-
cal variation in risk HLA-DQB1 genotypes for type 1 
diabetes and signs of beta-cell autoimmunity in a high-
incidence country. Diabetes Care 2004;27:676-81.

 22.  Ota M, Katsuyama Y, Kimura A, et al. A second suscep-
tibility gene for developing rheumatoid arthritis in 
the human MHC is localized within a 70-kb interval 
telomeric of the TNF genes in the HLA Class III region. 
Genomics 2001;71:263-70.

 23.  Gibert M, Balandraud N, Touinssi M, Mercier P, Roudier 
J, Reviron D. Functional categorization of HLA-DRB1 
alleles in rheumatoid arthritis: The protective effect. Hum 
Immunol 2003;64:930-5.



PEDIATRIC DENTISTRY     V 30 / NO 2     MAR / APR 08

    HLA ALLELES AND DENTAL CARIES     159

 24.  Sims AM, Wordsworth BP, Brown MA. Genetic sus-
ceptibility to ankylosing spondylitis. Curr Mol Med 
2004;4:13-20.

 25.  Reveille JD, Ball EJ, Khan MA. HLA-B27 and genetic 
predisposing factors in spondyloarthropathies. Curr Opin 
Rheumatol 2001;13:265-72.

 26.  Kaur G, Sarkar N, Bhatnagar S, et al. Pediatric celiac 
disease in India is associated with multiple DR3-DQ2 
haplotypes. Hum Immunol 2002;63:677-82.

 27.  Hill AV, Allsopp CE, Kwiatkowski D, et al. Common West
African HLA antigens are associated with protection from 
Malaria. Nature 1991;352:595-600.

 28.  Shanmugalakshmi S, Pitchappan RM. Genetics basis of
tuberculosis susceptibility in India. Indian J Pediatr 2002;
69:25-8.

 29.  Vejbaesya S, Chierakul N, Luangtrakool K, Srinak D, 
Stephens HA. Associations of HLA Class II alleles with pul-
monary tuberculosis in Thais. Eur J Immunogenet 2002;
29:431-4.

 30.  Shankarkumar U, Ghosy K, Badakare S, Mohanty D. 
Novel HLA Class I alleles associated with Indian leprosy 
patients. J Biomed Biotechnol 2003;2003:208-11.

 31.  Hohler T, Gerken G, Notghi A, et al. HLA-DRB*1 1301 
and *1302 protect against chronic hepatitis B. J Hepatol 
1997;26:503-7.

 32.  Thio CL, Thomas DL, Goedert JJ, et al. Racial differ-
ences in HLA Class II associations with hepatitis C virus 
outcomes. J Infect Dis 2001;184:16-21.

 33.  O’Brien SJ, Nelson GW. Human genes that limit AIDS. 
Nat Genet 2004;36:565-74.

 34.  Carrington M, O’Brien SJ. The infl uence of HLA geno-
type on AIDS. Annu Rev Med 2003;54:535-51.

 35.  Singh N, Agrawal S, Rastogi AK. Infectious diseases and 
immunity: Special reference to major histocompatibility 
complex. Emerg Infect Dis 1997;3:41-9.

 36.  Gonwa T, Peterlin M, Stobo J. Human Ir genes: Structure 
and function. Adv Immunol 1983:34:71-96.

 37.  Roitt I, Brostoff J, Male D. Immunology. 5th ed. London, 
UK: Mosby International; 1998:85-6.

 38.  Russell MW, Bergmeier LA, Zanders ED, Lehner T. 
Protein antigens of Streptococcus mutans: Purifi cation and 
properties of a double antigen and its protease-resistant 
component. Infect Immun 1980:28:486-93.

 39.  Hughes AL, Yeager M, Carrington M. Peptide-binding 
function and the paradox of HLA disease associations. 
Immunol Cell Biol 1996;74:444-8.

 40.  Wallengren ML, Ericson D, Hamberg K, Johnson U. 
HLA-DR4 and salivary immunoglobulin A reactions to 
oral streptococci. Oral Microbiol Immunol 2001;16:45-53.

 41.  World Health Organization. Oral Health Surveys: Basic 
Methods. 4th ed. Geneva, Switzerland: WHO; 1997:39-44.th ed. Geneva, Switzerland: WHO; 1997:39-44.th

 42.  Sullivan A, Granath L, Widenheim J. Correlation between
child caries incidence and S mutans/lactobacilli in saliva afterS mutans/lactobacilli in saliva afterS mutans
correction for confounding factors. Community Dent Oral
Epidemiol 1989;17:240-4.

 43.  Zoitopoulos L, Brailsford SR, Gelbier S, Ludford RW, 
Marchant SH, Beighton D. Dental caries and caries-
associated micro-organisms in the saliva and plaque of 
3- and 4-year-old afro-Caribbean and Caucasian children 
in South London. Arch Oral Biol 1996;41:1011-8.

 44.  Thibodeau EA, O’Sullivan DM. Salivary mutans strepto-
cocci and dental caries pattern in preschool children. 
Community Dent Oral Epidemiol 1996;24:164-8.

 45.  Mattos-Graner RO, Zelante F, Line RC, Mayer MP. 
Association between caries prevalence and clinical micro-
biological and dietary variables in 1- to 2.5-year old 
Brazilian children. Caries Res 1998;32:319-3.

 46.  Staetemans MM, van Loveren C, de Soet JJ, de Graff J, 
ten Cate JM. Colonization with mutans streptococci and 
lactobacilli and the caries experience of children after age 
fi ve. J Dent Res 1998;77:1851-5.

 47.  de Vries RR, Zeylemaker P, van Palenstein Helderman 
WH, Huis in ‘t Veld JH. Lack of association between 
HLA-DR antigens and dental caries. Tissue Antigens 1985;
25:173-4. 

 48.  Boraas JC, Messer LB, Till MJ. A genetic contribution to 
dental caries, occlusion, and morphology as demonstrated 
by twins reared apart. J Dent Res 1988;67:1150-5. 

 49. Powell LV. Caries risk assessment: Relevance to the 
practitioner. J Am Dent Assoc 1998;129:349-53.

 50.  Ozawa Y, Chiba J, Sakamoto S. HLA Class II alleles and 
salivary numbers of mutans streptococci and lactobacilli 
among young adults in Japan. Oral Microbiol Immunol 
2001;16:353-7.

 51.  Wallengren ML, Johnson U, Ericson D. HLA-DR4 and 
number of mutans streptococci in saliva among the dental 
students and staff. Acta Odontol Scand 1997;55:296-8. 

 52.  Wallengren MLL, Hamberg K, Ericson D, Nordberg J. 
Low salivary IgA activity to cell surface antigens of mutans 
streptococci related to HLA-DRB1*04. Oral Microbiol 
Immunol 2005;20:73-81.


