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Background: The hygiene hypothesis contends that fewer

opportunities for infection have led to increases in the

prevalences of asthma and other allergic diseases.

Objective: This study evaluated the association between

asthma, wheeze, and hay fever and antibodies to 2 oral bacteria

associated with periodontal disease.

Methods: Data were obtained from the Third National Health

and Nutrition Examination Survey. Serum levels of IgG

antibodies to Actinobacillus actinomycetemcomitans and

Porphyromonas gingivalis were quantified by enzyme-linked

immunoassays in 9385 subjects age 12 years and older. The

outcomes were current asthma, wheeze, and hay fever. Odds

ratios (ORs) representing a 1–log-unit increase in IgG

concentrations were estimated with logistic regression. ORs

were adjusted for 8 confounders and weighted to represent the

US population.

Results: For each disease outcome, geometric mean antibody

concentrations were higher in persons without the disease

outcome than with the disease outcome. For a 1–log-unit

increase in P gingivalis antibody concentration, adjusted ORs

were 0.41 (95% CI, 0.20-0.87) for asthma, 0.43 (0.23-0.78)

for wheeze, and 0.45 (0.23-0.93) for hay fever. For A

actinomycetemcomitans, those ORs were 0.56 (0.19-1.72),

0.39 (0.17-0.86), and 0.48 (0.23-1.03), respectively.

Conclusion: Consistent with the hygiene hypothesis, higher

concentrations of IgG antibodies to P gingivalis were

significantly associated with lower prevalences of asthma,

wheeze, and hay fever, and higher concentrations of IgG

antibodies to A actinomycetemcomitans were significantly

associated with a lower prevalence of wheeze.

Clinical implications: Colonization of the oral cavity by

bacteria and other microbes might play a protective role in the

etiology of allergic disease. (J Allergy Clin Immunol

nnnn;nnn:nnn-nnn.)
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In the United States, the prevalence of self-reported,
current asthma increased 74% between the years 1980 and
1996.1 In addition, data from the second and third National
Health and Nutrition Examination Surveys (NHANES)
suggest that the prevalence of allergic sensitization to
common allergens also increased during those years.2

One of the leading explanations for increases in allergy
and asthma rates in the United States and other industrial-
ized countries is the hygiene hypothesis. The hypothesis
contends that infections and microbial exposures, which
are thought to be less prevalent now, ‘‘might essentially
immunize against the development of asthma and allergic
and autoimmune diseases.’’3 The origin of the hypothesis
is usually credited to D. P. Strachan and his 1989 article,
‘‘Hay fever, hygiene, and household size.’’4 Observing
that family size and number of older children in the house-
hold were inversely associated with current hay fever
among a large British cohort, Strachan stated that such
findings could be explained ‘‘if allergic diseases were
prevented by infection in early childhood, transmitted by
unhygienic contact by older siblings, or acquired prena-
tally from a mother infected by contact with her older chil-
dren.’’4 Strachan went on to state that ‘‘later infection or
reinfection by younger siblings might confer additional
protection against hay fever.’’4 Strachan speculated that
smaller family sizes and higher standards of personal
cleanliness have reduced the opportunities for infections,
resulting in more widespread atopic disease.4 Several
years later, a plausible biological mechanism—that infec-
tion shifts the balance of cytokine release away from a
pattern responsible for IgE-mediated allergy—emerged.5

Although investigations of the hygiene hypothesis have
not always provided consistent results, reports of inverse
associations between allergic disease and various infec-
tions and exposures to farms, pets, endotoxin, and day care
have provided support for the hypothesis.3,5,6 As an exten-
sion of the hypothesis, researchers began examining the
role of gastrointestinal microflora in the etiology of allergy
and asthma. Several investigations have shown that the
composition of gut microflora, which can be altered by
antibiotics, diet, and infant feeding regimens, differs
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Abbreviations used
EU: ELISA unit

NHANES: National Health and Nutrition Examination

Survey

OR: Odds ratio

between individuals with and without allergy.7 In addi-
tion, the supplementation of the diet with beneficial bacte-
ria, known as probiotics, has shown promise in the
prevention of atopic dermatitis.8

Similar to the gastrointestinal tract, the oral cavity
harbors hundreds of species of microorganisms that
colonize after birth and are influenced by environmental
and host factors.9 Because oral bacteria have been asso-
ciated with local and systemic inflammation and with
diseases outside the oral cavity, such as cardiovascular
disease,10-15 we hypothesized that oral bacteria may play
a role in the etiology of allergic diseases. In 2002, a sup-
plemental NHANES III dataset containing IgG antibody
concentrations to 2 oral bacteria measured in stored serum
samples was released. The 2 bacteria, Actinobacillus acti-
nomycetemcomitans and Porphyromonas gingivalis, are
part of the normal oral flora; however, their proportions
relative to other microflora are higher in persons with per-
iodontal disease.9 Periodontal disease is considered one
of the most common chronic inflammatory disorders in
adults, although it also occurs in children.9 The objective
of this study was to investigate the associations between
IgG antibodies to those 2 oral bacteria and subject-
reported asthma, wheeze, and hay fever.

METHODS

Data

Data were obtained from NHANES III, in which a complex survey

design was used to sample the civilian, noninstitutionalized popula-

tion of the United States. The NHANES III, conducted from 1988

to 1994, was designed so that its first 3 years (phase 1), its last 3 years

(phase 2), and the entire 6 years were each national probability

samples. Over the 6 years, 31,311 individuals age 2 months to 90

years were administered questionnaires and given medical examina-

tions. Details of the NHANES III design may be found elsewhere.16

Oral pathogens

In the absence of direct measurements of the oral pathogens,

serum IgG antibody concentrations were used as a marker of expo-

sure. Stored sera from phase 2 subjects age 12 years and older were

analyzed with enzyme-linked immunoassays for IgG antibodies to

the oral pathogens A actinomycetemcomitans and P gingivalis. IgG

antibody concentrations for A actinomycetemcomitans and P gingiva-

lis were reported for 9372 and 9371 subjects, respectively. All IgG

concentrations reported in this article are in ELISA units (EU). In a

recently published article, Dye et al,13 using the oral pathogen data

from NHANES III, defined elevated levels of IgG antibodies to A ac-
tinomycetemcomitans and P gingivalis as concentrations greater than

156 EU and 168 EU, respectively. They determined those cut points

by selecting the concentration at the 90th percentile among the pop-

ulation without periodontal disease, after excluding the highest and

lowest 1% of the IgG distribution.
Disease outcomes

Information on asthma, hay fever, and wheeze was obtained by

questionnaire, with parents or guardians providing information for

child subjects. Patients with asthma were individuals who answered

in the affirmative to the questions, ‘‘Has a doctor ever told you that

you had asthma?’’ and ‘‘Do you still have asthma?’’ Likewise,

patients with hay fever were those who answered in the affirmative to

the questions, ‘‘Has a doctor ever told you that you had hay fever?’’

and ‘‘Do you still have hay fever?’’

Patients with wheezing were persons who answered in the

affirmative to the questions, ‘‘Have you had wheezing or whistling

in your chest at any time in the past 12 months?’’ and ‘‘Apart from

when you have a cold, does your chest ever sound wheezy or

whistling?’’ The second question was asked of all participants

regardless of their answers to the first, and the second question was

not framed by a time period. Thus, an affirmative answer to both

questions does not necessarily mean that the wheezing in the past 12

months was apart from a cold.

Although allergy skin testing to 10 common indoor allergens was

performed in NHANES III, allergy skin test positivity is not presented

in this article as a primary outcome because the subpopulations for

allergy skin testing (all subjects age 6-19 years and a random half-

sample of subjects age 20-59 years) and oral pathogen measurements

(age 12-90 years in Phase 2 only) had very little overlap, and each

subpopulation has its own weighting variables. Of the 10,863 sub-

jects with allergy skin test data and the 9385 subjects with oral path-

ogen data, only 3702 subjects had data on both. In an exploratory

analysis, associations between IgG concentrations and allergy skin

test positivity were tested, and those results were reported under the

heading Additional analyses. Details of the allergy skin test proce-

dures and the definitions of a positive test used in this analysis may

be found elsewhere.2 Briefly, an allergen-specific skin test result

was considered positive if the difference in wheal diameters between

the allergen-specific test and negative control was at least 3 mm.

Allergy skin test positivity was defined as a positive test result to at

least 1 of the 10 allergens.

Statistical analyses

Geometric mean antibody concentrations by disease status and

by levels of the covariates were reported. Overall differences in

those means were tested in unadjusted linear regression models

with antibody concentrations logarithmically (base 10) transformed.

Differences in prevalences of disease by elevated versus nonelevated

IgG antibody concentrations were tested with x2 statistics. Odds

ratios (ORs) for the associations between antibody concentrations

and each disease outcome were estimated with logistic regression.

ORs were adjusted for confounding by all variables listed in Table

I. Income-related variables were not used in the analysis because a

significant number of subjects (n 5 749) had missing values for fam-

ily income. In addition, inhaled corticosteroid use was not included as

a potential confounder in the primary analysis because only 98 sub-

jects reported inhaled corticosteroid use in the past month, and there

were subjects who reported taking prescription medicines but did not

answer some or all of the questions about the prescription medi-

cines.17 Differences in adjusted ORs by age, sex, and race were tested

by the addition of 2-way interaction terms. For the assessment of

interaction by race, individuals categorized as ‘‘other’’ were excluded

from the analysis.

With the exception of the allergy skin test ORs, all reported

statistics other than numbers of subjects were weighted with the

Phase 2 variable WTPFHX2 to represent the civilian, noninstitution-

alized population of the United States. SEs, with the exception noted,

were adjusted for the survey design using SUDAAN statistical

software (Release 9.0; Research Triangle Institute, Research Triangle
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TABLE I. Geometric mean IgG antibody concentrations (EU) to A actinomycetemcomitans and P gingivalis

distributed by subject characteristics

A actinomycetemcomitans P gingivalis

Variable N Geometric mean (SE) P N Geometric mean (SE) P

Total 9372 80.3 (1.08) 9371 81.7 (1.29)

Age <.001

12-29 y 3172 75.0 (1.00) 3171 72.7 (1.31)

30-49 y 2831 80.7 (1.63) 2831 83.4 (1.79)

50-90 y 3369 85.6 (1.27) <.001 3369 89.9 (1.50)

Sex .631

Male 4103 79.7 (1.18) 4103 82.0 (1.52)

Female 5269 80.8 (1.18) .289 5268 81.3 (1.38)

Race-ethnicity <.001

Non-Hispanic white 3423 75.2 (0.96) 3423 76.0 (1.09)

Non-Hispanic black 2925 91.4 (1.45) 2925 105.5 (1.98)

Mexican American 2561 92.7 (1.41) 2560 93.0 (1.44)

Other 463 106.2 (3.83) <.001 463 98.3 (2.90)

Education of family reference <.001

<12th Grade 3781 84.9 (1.06) 3780 87.1 (1.22)

12th Grade 2799 80.2 (1.41) 2799 82.5 (1.81)

>12th Grade 2728 77.7 (1.65) .003 2728 78.2 (1.77)

Census region .597

Northeast 1284 82.6 (3.01) 1284 81.1 (1.51)

Midwest 1839 78.3 (2.27) 1839 79.9 (3.95)

South 4507 80.2 (1.22) 4507 84.0 (1.92)

West 1742 80.5 (2.19) .719 1741 80.5 (2.24)

Urbanization .001

Metro areas >1 million 4545 83.7 (1.66) 4544 86.1 (1.48)

All other areas 4827 77.1 (1.05) .001 4827 77.7 (1.58)

Serum cotinine (ng/mL) <.001

0.035-0.100 2667 81.1 (1.81) 2667 80.9 (1.92)

0.100-10.00 4138 82.5 (1.36) 4137 84.4 (1.53)

10.00-1080.0 2361 75.8 (1.08) <.001 2361 78.2 (1.00)

Body mass index <.001

11.2-18.4 (Underweight) 397 78.6 (2.92) 397 75.4 (2.20)

18.5-24.9 (Normal weight) 3606 78.5 (1.06) 3605 77.6 (1.32)

25.0-29.9 (Overweight) 3016 81.0 (1.21) 3016 84.6 (1.24)

30.0-79.6 (Obese) 2332 82.9 (1.93) .007 2332 87.1 (2.22)
Park, NC) and the phase 2 survey design variables SDPSTRA2 and

SDPPSU2. Statistical significance was set at P � .05.

RESULTS

Distribution of IgG antibodies

Fig 1 shows the distributions of the A actinomycetemco-
mitans and P gingivalis IgG antibody concentrations in the
US population age 12 years and older. The minimum and
maximum concentrations were 46 and 1994 for A actino-
mycetemcomitans and 40 and 22,885 for P gingivalis. A
notable portion of the population had values that could
be considered statistically extreme: for each pathogen,
11% of the population had antibody concentrations more
than 1.5 interquartile ranges above the 75th percentile,
and 7% had concentrations more than 3 interquartile
ranges above the 75th percentile.

The geometric mean IgG antibody concentrations
among the total population were 80.3 (SE, 1.03) for
A actinomycetemcomitans and 81.7 (1.29) for P gingiva-
lis. Table I shows the geometric mean antibody concentra-
tions for the subject characteristics. For both pathogens,
geometric mean concentrations differed significantly by
age, race, education, urbanization, serum cotinine, and
body mass index, but not by sex or census region.

FIG 1. Box plots (1st, 25th, 50th, 75th, and 99th percentiles)

showing the distributions of IgG antibody concentrations (EU) to

A actinomycetemcomitans and P gingivalis in the US population

age 12 years and older.
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FIG 2. Geometric mean (6SE) IgG antibody concentrations (EU) to A actinomycetemcomitans and P gingivalis

distributed by asthma, wheeze, and hay fever (yes versus no).

TABLE II. Unadjusted and adjusted ORs for asthma, wheeze, and hay fever for a 1–log-unit increase in IgG antibody

concentrations to A actinomycetemcomitans and P gingivalis

OR (95% CI) for a 1–log-unit increase in IgG concentration

Asthma Wheeze Hay fever

Pathogen Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted*

A actinomycetemcomitans 0.51 (0.18-1.43) 0.56 (0.19-1.72) 0.35 (0.18-0.68) 0.39 (0.17-0.86) 0.37 (0.20-0.69) 0.48 (0.23-1.03)

P gingivalis 0.41 (0.21-0.79) 0.41 (0.20-0.87) 0.34 (0.18-0.66) 0.43 (0.23-0.78) 0.34 (0.17-0.68) 0.45 (0.23-0.93)

*Adjusted by all variables shown in Table I.
Associations with asthma, wheeze,
and hay fever

The prevalences of asthma, wheeze, and hay fever in
the US population age 12 years and older were 5.2% (SE,
0.34), 9.6% (0.61), and 10.8% (0.61), respectively. Fig 2
shows the geometric mean IgG antibody concentrations
for each pathogen among individuals with and without
asthma, wheeze, and hay fever. For each pathogen, per-
sons without the disease outcome had higher geometric
mean IgG concentrations, although the difference in means
for A actinomycetemcomitans and asthma was not statisti-
cally significant.

Table II shows the unadjusted and adjusted ORs for the
associations between asthma, wheeze, and hay fever and
IgG antibody concentrations to A actinomycetemcomitans
and P gingivalis. For each association, the unadjusted OR
was significantly less than 1.0, except for the association
between A actinomycetemcomitans and asthma. After
adjustment for the potential confounders, P gingivalis
was inversely associated with each of the outcomes,
whereas A actinomycetemcomitans was inversely associ-
ated with wheeze (Table II). To test for the potential
effects of extreme IgG antibody concentrations, the
adjusted analyses shown in Table II were repeated with
the lower and upper 1% of values excluded. Each of the
associations that were significant in Table II remained sig-
nificant, and the ORs remained essentially the same (data
not shown).

The adjusted ORs reported in Table II did not statisti-
cally differ by age, sex, or race, with 2 exceptions. For
P gingivalis and hay fever, the inverse association was
much stronger among males than females: OR was 0.18
(95% CI, 0.04-0.73) in males and 0.82 (0.40-1.67) in
females (interaction P value 5 .05). The inverse associa-
tion for P gingivalis and hay fever was evident only among
individuals younger than 50 years: OR was 0.29 (95% CI,
0.08-1.04) for ages 12 to 29 years, 0.21 (0.06-0.70) for
ages 30 to 49 years, and 1.06 (0.52-1.67) for ages 50 to
90 years (interaction P value 5 .05).

In the United States, 7.4% (SE, 0.72) and 7.2% (0.50) of
the population had elevated antibody titers to A actinomy-
cetemcomitans and P gingivalis, respectively, according to
thresholds defined by Dye et al13 (see Methods). Fig 3
compares the prevalences of allergic disease for elevated
versus nonelevated IgG antibody concentrations, and
Table III shows the ORs for those associations. With
IgG antibody concentrations dichotomized as elevated
versus nonelevated, associations remained similar to those
reported for the continuous IgG antibody concentrations.

Additional analyses

In a secondary analysis, the potential confounding
effects of inhaled corticosteroid use was investigated.
Inhaled corticosteroid use in the past month was reported
by only 98 subjects (1.6% of total population, 16.4% of
patients with asthma, 8.0% of patients with wheezing, and
5.2% of patients with hay fever). When adjusted for
corticosteroid use, the ORs for the log10-transformed
IgG concentrations remained similar to the unadjusted
ORs reported in Table II. For P gingivalis, the corticoste-
roid-adjusted ORs were 0.47 (95% CI, 0.25-0.88) for
asthma, 0.37 (0.19-0.71) for wheeze, and 0.35 (0.18-0.69)
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FIG 3. Prevalence (6SE) of asthma, wheeze, and hay fever for elevated versus nonelevated IgG antibody

concentrations to A actinomycetemcomitans and P gingivalis.

TABLE III. Unadjusted and adjusted ORs for asthma, wheeze, and hay fever for IgG antibody concentrations to

A actinomycetemcomitans and P gingivalis categorized as elevated versus not elevated (see Methods)

OR (95% CI) for elevated versus not elevated IgG

Asthma Wheeze Hay fever

Pathogen Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted*

A actinomycetemcomitans 0.68 (0.36-1.28) 0.72 (0.38-1.36) 0.43 (0.21-0.88) 0.41 (0.18-0.96) 0.66 (0.49-0.88) 0.72 (0.54-0.95)

P gingivalis 0.56 (0.33-0.96) 0.57 (0.34-0.97) 0.58 (0.41-0.82) 0.70 (0.52-0.94) 0.64 (0.38-1.08) 0.73 (0.44-1.22)

*Adjusted by all variables shown in Table I.
for hay fever. For A actinomycetemcomitans, those ORs
were 0.55 (0.22-1.42), 0.37 (0.19-0.71), and 0.38 (0.20-
0.70), respectively.

In another analysis, ORs for the associations between
the log10-transformed IgG concentrations and a positive
allergy skin test (yes vs no) among the 3702 subjects
with data on both oral pathogens and skin test positivity
were estimated. The ORs, which were unweighted but
adjusted for the covariables listed in Table I, were 1.0
(95% CI, 0.7-1.4) for A actinomycetemcomitans and 1.1
(0.8-1.5) for P gingivalis.

DISCUSSION

Consistent with the hygiene hypothesis, this study
found that higher concentrations of serum IgG antibodies
to P gingivalis were significantly associated with lower
prevalences of asthma, wheeze, and hay fever, whereas
higher concentrations of IgG antibodies to A actinomyce-
temcomitans were significantly associated with a lower
prevalence of wheeze. These findings are also consistent
with a previous study of NHANES III data that found
asthma and hay fever were less frequent in subjects sero-
positive for hepatitis A virus, Toxoplasma gondii, and
herpes simplex virus 1.18

A actinomycetemcomitans has been implicated in an
aggressive form of periodontal disease, whereas P gingi-
valis has been implicated in a chronic form, though both
forms of periodontal disease are considered mixed bacte-
rial diseases.19 Aggressive periodontitis, which has a US
prevalence of less than 1%, is most common around
puberty.20 Chronic periodontitis, which has a prevalence
of roughly 20%, usually affects adults, but it can also
occur in children.20 Although A actinomycetemcomitans
and P gingivalis are considered pathogens, they are com-
monly found at very low levels in the mouths of healthy
children and adults. Using DNA-based detection methods,
1 group of researchers found A actinomycetemcomitans
and P gingivalis, respectively, in 48% and 36% of children
age 0 to 18 years, and both species were detected in
subjects as young as 20 days old.21 It is well established
that these periodontal pathogens are transmitted from
parent to child, from sibling to sibling, and between
spouses.22 Transmission is most likely through contact
with saliva and the sharing of objects such as cups, spoons,
and toothbrushes.22

The microbial ecology of the oral cavity is very
complex, with hundreds of species colonizing on mucosal
and tooth surfaces. On teeth, bacteria reside in a biofilm
known as dental plaque. In healthy mouths, the dental
plaque consists primarily of Gram-positive facultative
species.9,23 That composition is maintained through a
complex interplay of host, bacterial, and environmental
factors.9,23 Periodontal health has been described as ‘‘a
state of balance when the bacterial population coexists
with the host and no irreparable damage occurs to either
the bacteria or the host tissues.’’23 Of the host factors,
the immune system plays an important role in controlling
the composition of the dental plaque. Neutrophils play a
primary role in the surveillance and control of the perio-
dontal pathogens.24 In fact, neutrophil disorders, such as
Papillon-Lefèvre syndrome, are associated with severe
periodontal destruction at an early age.24
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When the balance among host, bacteria, and environ-
ment favors the overgrowth of Gram-negative facultative
and anaerobic species, such as A actinomycetemcomitans
and P gingivalis, periodontal disease is initiated.9 With the
initiation of disease, chronic inflammatory cells, macro-
phages, and lymphocytes appear in the periodontal tis-
sues.24 Interactions between bacterial antigens and local
B cells lead to the production of antibody within the
periodontal tissues, which is essential for bacterial phago-
cytosis, and the interactions of bacterial antigens with pe-
ripheral dendritic cells lead to the production of systemic
antibodies, such as the IgG antibodies measured in this
study.24 Proinflammatory mediators such as IL-1b,
TNF-a, and prostaglandin E2 are released, leading to the
destruction of the soft tissues and bone surrounding the
teeth, the hallmark of periodontitis.24 Periodontitis is a
leading, if not the leading, cause of tooth loss among
adults.25 Because bacterial plaque is dependent on the
presence of teeth, tooth loss could be considered the
body’s way of limiting the infection. Treatment for perio-
dontitis focuses on the removal and prevention of dental
plaque. Surgical intervention is often required not only
to reduce deep pockets around teeth that encourage the
growth of dental plaque but also to restore the support
and function of the teeth.

The proposed biological mechanism for the hygiene
hypothesis that came out of animal studies in the late
1980s was that microbial infections induced a TH1 cell
pattern of cytokine release, which inhibited the TH2 cell
pattern involved in IgE-mediated allergy.5 Originally, it
was thought that the balance between TH1 and TH2 cyto-
kines was controlled by reciprocal inhibition; however,
observations that the prevalences of both TH1-mediated
autoimmune disease and TH2-mediated allergic disease
were increasing and that autoimmune and allergic diseases
often coexisted in the same individuals brought the TH1/
TH2 paradigm into question.6,26 It is now thought that
both TH1 cells and TH2 cells are under the control of
regulatory T cells, which can inhibit both TH1 and TH2
cells through the release of mediators such as IL-10 and
TGF-b.27 The observation that germ-free mice cannot
develop oral tolerance to antigens has led to the specula-
tion that microflora in the gut play an important role in
promoting the development of regulatory T cells.7,28,29 It
is unquestionable that the oral pathogens A actinomyce-
temcomitans and P gingivalis have local and systemic
effects on the immune system; however, whether the
immune system’s interaction with these pathogens could
prevent allergic disease by either shifting the balance to-
ward a TH1 phenotype or encouraging the development
of regulatory T cells is not known.

An important limitation to the study is the cross-
sectional nature of NHANES III. As originally conceived
by Strachan,4 the hypothesis is concerned with infections
or microbial exposures that occur in early childhood or
even prenatally. For this study, it cannot be determined
when the oral pathogen challenge occurred or when the
IgG antibody response developed. Because of that ambi-
guity, reverse causality—that allergic disease suppressed
oral pathogen colonization or the IgG response—cannot
be discounted. The facts that asthma is more prevalent in
children than adults and that periodontal disease is more
prevalent in adults than children provide support for
reverse causality. However, colonization with these oral
pathogens often occurs in early infancy, and an IgG anti-
body response to these pathogens is evident as early as
6 months of age.21,30,31 In addition, asthma and hay fever
often develop during adulthood, as does allergic sensitiza-
tion. Data from NHANES II and III indicate that the prev-
alence of allergic sensitization is greatest in the second and
third decades of life.2,32 Perhaps some microbial chal-
lenges even in late childhood or young adulthood provide
a beneficial immune stimulus, whereas the lack of some
microbial challenges even in late childhood or early adult-
hood increases one’s risk for allergic disease.

Related to the issue of reverse causality is the possibility
that use of inhaled corticosteroids inhibited the IgG
response. The secondary analysis did not indicate con-
founding by inhaled corticosteroid use; however, the
prescription medication database, according to NHANES
documentation, contains incomplete information on
medication use.17

A second limitation of this study was the use of
antibody levels as a marker of oral pathogen exposure.
Although the pathogens can be readily sampled from the
mouth and identified and quantified by any of a variety of
laboratory techniques, oral sampling was not conducted
in NHANES III. Several studies have shown significant,
positive correlations between specific IgG antibody
levels and levels of these pathogens in the mouth33-35;
however, those studies were relatively small, and correla-
tions were not consistently strong. Because antibody re-
sponses to these and other pathogens are influenced by
a variety of host factors, serum antibody levels may not
be an accurate measure of pathogen exposure. In future
studies of associations between oral pathogens and aller-
gic disease, direct measurements of the pathogens, in
addition to measurements of serum antibodies, should
be made.

A third limitation was the study’s inability to assess
adequately associations between the oral pathogens and
allergic sensitization. If oral pathogen exposures truly
influence allergic disease outcomes, then one would
expect to see inverse relationships between measures of
oral pathogen exposure and allergy skin test reactivity or
serum IgE levels. Unfortunately, neither total nor allergen-
specific IgE was measured in NHANES III, and allergy
skin testing was not performed on the majority of subjects
with oral pathogen data (see Methods). The unweighted
analysis of subjects with both allergy skin test and oral
pathogen data suggested null associations; however, the
limited number of subjects with data and the lack of
representativeness of the US population bring into ques-
tion the validity of those results. The strong association
between P gingivalis and hay fever, which some re-
searchers have used as a proxy for IgE or allergy skin
test data,36 also brings into question the validity of the
oral pathogen and allergy skin test results.
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The hygiene hypothesis contends that fewer opportu-
nities for infection and microbial exposures are responsi-
ble, at least in part, for the rise in prevalences of allergic
diseases. For decades, the dental profession and commer-
cial companies that market oral hygiene products have
waged war against the oral bacteria that cause tooth decay
and periodontal disease, 2 oral conditions that have
decreased in prevalence. Although it is tempting to
speculate that reductions in oral bacteria have contributed
to the rise in the prevalences of allergic diseases, no
studies have examined whether levels or types of oral
bacteria within the US population have changed over time.
Although this study found a strong inverse association
between IgG antibodies to oral bacteria and allergic
diseases, it is impossible to know from this cross-sectional
data whether oral bacteria inhibited the development of
allergic disease or vice versa. More research is needed to
clarify the potential roles of these and other bacteria in the
etiology of allergic diseases.
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