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Abstract
Background: A major aspect of the adaptive host response in periodontitis is the
production of antibodies. Several risk and susceptibility factors for periodontitis,
including smoking, age and composition of the subgingival microflora, have also been
suggested to influence antibody production.

Aim: The present study was conducted to investigate plasma levels of
immunoglobulin (Ig) G, A and M antibodies in periodontitis patients of Caucasian
European heritage in relation to disease severity, smoking, diagnosis and prevalence
of periodontopathogens.

Methods: In this study, 29 patients with severe periodontitis, 51 with moderate
periodontitis and 55 controls without periodontal destruction were enrolled. From the
total of 80 patients, 18 were diagnosed with aggressive periodontitis and 62 with
chronic periodontitis. Total IgG, IgA and IgM as well as IgG isotypes were analyzed
in plasma samples.

Results: Levels of total IgG, IgA and IgM were not different between patients and
controls; however, in periodontitis, higher levels of IgG1 and IgG2 were observed.
Smoking appeared to be significantly and inversely related to antibody levels in
periodontitis, in particular for total IgG and IgG2. The absence of an elevated total IgG
and IgG2 in smoking patients was irrespective of severity, prevalence of periodontal
pathogens and diagnosis. The elevation of total IgG and IgG1 and IgG2 in non-smoker
periodontitis patients was observed in patients with moderate periodontitis and even
greater in patients with severe periodontitis, but was independent whether patients
were infected with Actinobacillus actinomycetemcomitans or Porphyromonas
gingivalis and independent of diagnosis. Clinically, it was observed that patients who
smoked had more periodontal bone loss; the current findings on antibody levels may
be one of several mechanisms related to more extensive periodontal breakdown in
smoker patients.

Conclusion: The current study shows that non-smoker periodontitis patients have
higher levels of total IgG and IgG2 than smoker periodontitis patients.
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A primary risk factor for periodontitis is
dental plaque; specifically, a number of
Gram-negative bacteria including,
among others, Actinobacillus actinomy-
cetemcomitans and Porphyromonas gin-
givalis, have been implicated. Several
studies have investigated specific anti-
body serum levels in relation to the
aforementioned periodontal pathogens
(Ebersole 1990, Lamster et al. 1990,
Chen et al. 1991, Kinane et al. 1993,
Albandar et al. 2001); however, spora-
dic information is available regarding

the total amounts of circulating
antibody classes and subclasses, includ-
ing immunoglobulin G (IgG) (and
IgG subclasses), IgA and IgM in
untreated periodontitis patients com-
pared with controls (Gmür 1986, Eber-
sole et al. 1991, Kinane et al. 1993,
Sakai et al. 2001). Similarly, knowledge
on the total amounts of plasma
Ig’s in subjects culture positive or
culture negative for A. actinomycetem-
comitans or P. gingivalis in patients is
unknown.

Several host-related determinants and
environmental factors have been sug-
gested to decrease antibody production
or modify antibody production differ-
entially. Both the periodontal and
medical literature indicate that race,
age, insulin-independent diabetes and
smoking may be important in relation to
variation in antibody production (Guls-
vik & Fagerhoi 1979, Shackelford et al.
1985, Popa et al. 1993, Quinn et al.
1996, Smith et al. 1996, Tangada et al.
1997, Mooney et al. 2001, Moszczynski
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et al. 2001, Qvarfordt et al. 2001). In
particular, smoking has been associated
with lower IgG2 levels and subjects of
African-American heritage show higher
levels of IgG2 compared with whites
(Quinn et al. 1996, 1998, Gunsolley et
al. 1997). It has been shown in the USA
that Caucasian periodontitis patients
who smoke have depressed levels of
IgG2 in contrast to smoking black
patients, who had comparable levels to
control subjects without disease (Quinn
et al. 1996, 1998, Gunsolley et al. 1997).
Therefore, one of the possible biological
explanations for the epidemiological
associations between race, age, insulin-
independent diabetes, smoking and per-
iodontitis, may be related to modifica-
tion of antibody production. It could be
hypothesized that the lack of elevation
of Ig’s by aforementioned factors may
result in less antibody protection in
periodontitis, which in turn may increase
disease severity.

The purpose of the present study was
to investigate the effect of periodontal
pathogens, smoking and type of perio-
dontitis on the relative amounts of
circulating total IgG and subclasses, IgA
and IgM in European Caucasian subjects
suffering from moderate and severe
periodontitis in comparison with controls.

Material and Methods

Study population

Initially, a total of 168 subjects of
Caucasian European heritage and 421
years were enrolled in this study.
The study population included a con-
secutive series of untreated patients who
were referred by their general dentist to
the Department of Periodontology at
ACTA for diagnosis and treatment of
periodontitis, and control subjects who
were registered for restorative dental
procedures or regular dental check-ups.
Only control subjects with 41 tooth per
quadrant missing (third molars ex-
cluded) and who had at all approximal
sites a radiographic distance between
the cemento-enamel junction and the
alveolar bone crest 42mm on bite-
wings 41-year old, were included in
the study. All subjects were both
verbally and written informed about
the purpose of the study. This study
was approved by the Medical Ethical
Committee of the Academic Medical
Center of the University of Amsterdam.

On the basis of an extensive medical
history by a written questionnaire and

by interview of 20–30min duration, 33
subjects (20%) were excluded from the
study for any of the following reasons:
(1) taking chronically or in the last 2
weeks any type of medication (exclud-
ing birth control pills), (2) pregnancy,
(3) apart from periodontitis, suffering
from any given chronic medical condi-
tion, including diabetes, viral, fungal or
bacterial infections, (4) suffering in the
last 2 weeks from any medical condi-
tion, including flu, upper respiratory
infection, allergy, skin disorders, sinus
problem, (5) suffering in the last 2
weeks from any form of physical
trauma, and (6) having had any type of
dental work or tooth extraction(s) in the
last 2 weeks. Thus, in total 135 subjects
participated in the current study; these
included 80 patients and 55 controls.

For all participants, (former) smoking
habits were recorded; smokers were
defined as those subjects who are
current smokers (n5 53) or who quit
smoking in the previous 6 months
(n5 9) (Xu et al. 2002).

For each periodontitis patient, a set of
full-mouth radiographs was available
and the individual number of teeth
present was determined. For each pa-
tient, all teeth were radiographically
examined on the mesial and distal
aspects. The number of teeth without
bone loss, with bone loss extending
beyond 1/3 of the root length and teeth
with bone loss X50% of the root length
was determined. Patients with X7 teeth
with X50% bone loss were classified as
having severe periodontitis (n5 29)
(adapted from Kornman et al. (1997));
the remainder of the patients was
assigned to the group as having moder-
ate periodontitis (n5 51).

For some exploratory analyses, we
divided all patients into two groups on
the basis of diagnosis according to the
current classification of periodontal
diseases (Armitage 1999): (i) aggressive
periodontitis (AgP) (n5 18) or (ii)
chronic periodontitis (CP) (n5 62).

Bacteriological samples

From all subjects, a pooled subgingival
plaque sample was taken to assess the
prevalence and the proportions of the
following bacteria: A. actinomycetem-
comitans, P. gingivalis, Prevotella in-
termedia, Fusobacterium nucleatum,
Bacteroides forsythus, Peptostreptococ-
cus micros and Campylobacter rectus.
In the periodontitis patients, sampling
procedure was performed as described

previously (van Winkelhoff et al. 2002).
In brief, pooled subgingival samples
were taken from the deepest bleeding
site per quadrant. In control subjects,
samples were taken from the mesio- and
distobuccal sites of the first molars;
when these were not present, the second
molars were used for sampling. The
culturing and identification procedures
of the samples were performed accord-
ing to previously described standard
procedures (van Winkelhoff et al.
1985). The detection level for A. acti-
nomycetemcommitans is 10 cells/ml and
for all other target species 104 cells/ml.

Venous blood samples

Venous blood samples were obtained
between 08:30 and 11:30 hours by
venipuncture in the antecubital fossa
without excessive venous stasis. The
blood samples were obtained using
EDTA-containing vacuum tubes (Veno-
ject II, Terumo Europe BV, Leuven,
Belgium). The tubes were then centri-
fuged at 3000 r.p.m. for 10min. The
obtained plasma samples were stored in
aliquots at � 801C until use. The
plasma levels of IgG, IgA and IgM
were determined in a BNA-nephel-
ometer with N Protein Standard SL for
generation of standard curves (Dade
Behring, Leusden, the Netherlands).
Plasma levels of IgG subclasses were
determined with commercially obtained
ELISA kits (Sanquin, Amsterdam, the
Netherlands) in microplate assays
according to the manufacturer’s instruc-
tions and using the standards provided
with each kit. Results were analyzed
with a Bio-Rad microplate reader and
software (Bio-Rad, Hercules, CA, USA).

Statistical analysis

Statistical analysis of data was per-
formed with the SPSS package version
9.0 (SPSS, Chicago, IL, USA). Differ-
ences in frequencies for gender and
smoking and prevalence of periodonto-
pathogens among three groups of sub-
jects (control, moderate periodontitis
and severe periodontitis) were analyzed
by Mantel–Haenszel tests. Differences
between the three study groups for all
variables were determined with analyses
of covariance (ANCOVA) with periodontal
disease status as a factor, while the
potential confounders age, gender and
smoking were also entered in the model
as covariates. Unstandardized residuals
of each of these ANCOVAs were tested for
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their normal distribution in Q–Q plots.
A non-normal distribution was found
for IgM, IgG3 and 4. Subsequently
observed values were log transformed
and used for statistical analyses. How-
ever, IgG4-transformed values were still
not distributed in a normal fashion.
Therefore, a difference between the
three groups for IgG4 was tested non-
parametrically (Kruskall–Wallis test).
Means and standard deviations for the
different parameters were calculated.
When overall ANCOVA showed statistical
significance, post hoc testing was per-
formed to explore the differences be-
tween any two groups. To illustrate
differences between subgroups of sub-
jects, box plots were constructed with the
SPSS program and differences between
subgroups were explored also using AN-

COVA as explained above. p-values
o0.05 were considered significant.

Results

Subject characteristics are presented in
Table 1. The mean age of both control
subjects and periodontitis patients was
43 years. There were more smokers
among patients (severe and moderate
periodontitis) than among controls
(p5 0.007). The three study groups

had a comparable number of teeth
present. Patients with moderate perio-
dontitis had on average 2.9 teeth with
X50% bone loss, whereas the corre-
sponding value was 14.3 for the patients
with severe periodontitis (Table 1).

The results of the analyses of the
subgingival plaque samples are pre-
sented in Table 2. A significant higher
prevalence of the periodontopathogens
P. gingivalis, P. intermedia, B. for-
sythus and P. micros in moderate and
severe periodontitis versus control was
observed. The proportion of target
species in culture-positive subjects were
not different among the three groups,
except for B. forsythus (p5 0.049).

In Table 3, mean plasma levels for
total IgG, IgA and IgM are presented.
Total IgG in the control group was
9.6 g/l, while corresponding values for
moderate and severe periodontitis were
10.2 and 10.0 g/l, respectively. The
overall analysis indicated that the levels
of total IgG did not differ between the
three study groups (p5 0.24); in this
analysis, smoking was a significant
covariate associated with lower levels
(po0.001), while the covariates age and
gender were not significant. Mean plas-
ma levels of IgA did not differ between
the three groups, but age was a sig-

nificant covariate (p5 0.003) showing a
positive correlation with IgA levels.
Plasma levels of IgM showed no inter-
group differences; none of the covariates
included in the analysis was significant
in the overall IgM analysis (Table 3).

Differentiation of total IgG into IgG
isotypes was also studied (Table 4). In
the overall analysis, it was seen that
IgG1 plasma levels were significantly
different between the three study
groups. In this analysis, none of the
potential confounders (age, gender,
smoking and education) was significant.
Post hoc testing between any two
groups for IgG1 levels revealed higher
IgG1 levels in severe periodontitis than
controls, while the other paired compar-
isons were not significant. Plasma levels
of IgG2 were significantly different
between the three groups in the overall
analysis; for this isotype, smoking was a
significant covariate associated with
lower levels. Post hoc testing showed
that the severe and moderate perio-
dontitis groups had higher levels than
the controls. Plasma levels of IgG3 and
IgG4 were both low (3–6 % of total
IgG) and were not different between the
three groups (Table 4). Also none of the
covariates showed statistical signifi-
cance in the overall analyses for IgG3.

Levels of Ig’s were analyzed in
relation to individual periodontal patho-
gens for the whole-study population. In
these ANCOVAs being culture positive or
negative was entered as factor, while
periodontal status (control or patient),
smoking, age and gender were entered as
covariates. Subjects either culture posi-
tive or culture negative for A. actinomy-
cetemcomittans (n5 24 or n5 111,
respectively), P. gingivalis (n5 53 or
n5 82, respectively), P. intermedia
(n5 101 or n5 34, respectively), B.
forsythus (n5 95 or n5 40, respec-
tively), P. micros (n5 117 or n5 18,

Table 2. Results of the analyses of the subgingival microbial samples for control, moderate periodontitis and severe periodontitis

Control (n5 55) Moderate (n5 51) Severe (n5 29) p-values

n (%) proportions n (%) proportions n (%) proportions

Actinobacillus actinomycetemcomitans 6 (11) 3.1 � 4.6 12 (24) 2.4 � 4.9 6 (21) 0.6 � 0.6 0.175
Porphyromonas gingivalis 4 (7) 29.2 � 31.3 34 (67) 27.3 � 20.5 15 (52) 28.6 � 20.6 o0.001
Prevotella intermedia 32 (58) 7.8 � 10.4 43 (84) 5.1 � 5.6 26 (90) 5.7 � 7.1 0.001
Bacteroides forsythus 23 (42) 3.8 � 3.7 46 (90) 8.8 � 8.1 26 (90) 8.0 � 10.5 o0.001
F. nucleatum 44 (80) 4.2 � 3.3 46 (90) 6.7 � 7.4 27 (93) 4.2 � 4.3 0.068
Peptostreptococcus micros 38 (70) 5.5 � 7.6 44 (86) 5.2 � 6.9 26 (90) 4.5 � 3.9 0.014

The left column per group represents prevalence, i.e. number (n) of subjects culture positive (in parentheses % of subjects), while the right column per

group represents the mean values for proportion � standard deviation of the microorganism of the cultivable anaerobic microflora in culture-positive

subjects.
np-values from Mantel–Haenszel tests, testing differences in prevalence among the three study groups.

Table 1. Characteristics for three study groups (control, moderate periodontitis and severe
periodontitis)

Control (n5 55) Moderate (n5 51) Severe (n5 29)

Age (years) 43.2 � 12.6 43.7 � 11.5 43.0 � 8.8
Female (%) 53 63 52
Smoker (%) 35 47 66n

Number of teeth 27.8 � 1.8 26.5 � 3.4 26.5 � 2.4
Teeth with no bone loss 27.8 � 1.8 9.8 � 7.2 2.5 � 3.4
Teeth 41/3 bone loss 0 5.9 � 4.3 16.8 � 5.1
Teeth X50% bone loss 0 2.9 � 1.8 14.3 � 6.3

Values are means � standard deviation or % of subjects.
nFrequency per group different at po0.01 (Mantel–Haentzsel test).
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respectively) and F. nucleatum (n5 108
or n5 27, respectively) did not show
differences in plasma levels of total
IgG, IgA, IgM or IgG isotypes. How-
ever, in the great majority of these
analyses, periodontal status and smok-
ing were, as expected, significant cov-
ariates associated with higher and lower
levels, respectively, for total IgG, IgG1
and for IgG2.

In the present study, smoking ap-
peared a major factor. Smoker perio-
dontitis patients had fewer teeth without
bone loss compared with non-smoking
patients: 5.1 and 9.6, respectively (Fig.
1). The number of teeth with bone loss
beyond 1/3 of the root length was higher
in the smoking patients than in non-
smokers: 11.5 and 7.8, respectively. The
mean number of teeth with X50% bone
loss in smoking patients was 8.1 com-
pared with a corresponding value of 5.8
in non-smoking patients; this difference
was not significant (Fig. 1). In light of
these differences in severity of perio-
dontal breakdown, the effects of smok-
ing on plasma IgG levels were further
explored. Non-smoking patients showed

in the overall analyses, higher total IgG
levels than non-smoking controls
(Fig. 2A); in post hoc comparisons
among the non-smokers, patients with
moderate periodontitis had higher levels
of total IgG than the controls. Also for
non-smoking patients, significant in-
creases compared with non-smoking
controls were seen for IgG1 and for
IgG2, with the severe non-smoker
patients showing the highest levels (Figs
2B and C). In contrast, smokers with
periodontitis show on average minimal
or no elevation of total IgG (Fig. 2A)
and IgG 2 (Fig. 2C), compared with
smoker controls. The total IgG and
IgG2 levels in smokers with perio-
dontitis are comparable with levels of
smoker controls. Levels of IgG1 in the
smoker periodontitis patients seemed to
follow the same pattern as levels in non-
smokers, but this apparent dose–
response increase from control to severe
periodontitis failed to reach significance
(Fig. 2B). Moreover, we analyzed per
severity category whether smokers have
lower Ig levels than non-smokers
(Fig. 2). This was the case for total

IgG within the moderate periodontitis
category (p5 0.004) and within the
severe category (p5 0.046). In addition,
smokers had lower levels of IgG2
within the severe category (p5 0.019)

IgG2 plasma levels in smoking and
non-smoking periodontitis patients in
relation to A. actinomycetemcomitans
and P. gingivalis are shown in Fig. 3.
Non-smoking patients being culture
positive or negative for A. actinomyce-
temcomitans, showed comparable IgG2
levels. Also A. actinomycetemcomitans
culture-negative and culture-positive
smoker patients showed comparable
IgG2 levels. However, again, levels of
IgG2 in smokers were lower than in the
non-smokers; this observation reached
statistical significance for the A.
actinomycetemcomitans culture-negative
patients (p5 0.032). A similar IgG2
pattern was seen among the non-smok-
ing and smoking patients with or with-
out P. gingivalis in subgingival samples
(Fig. 3B); non-smoking P. gingivalis
culture-positive patients had higher
levels of IgG2 than corresponding
smoking patients (p5 0.019). Similar
analyses among non-smoking and
smoking patients were not performed
for the other cultured microorganisms,
as the numbers of patients culture-
negative per subgroup were too low
for meaningful exploration.

Table 3. Plasma levels (means � standard deviations) of immunoglobulin (Ig) G, A and M in g/l
in controls and patients with moderate and severe periodontitis

g/l Control (n5 55) Moderate (n5 51) Severe (n5 29) p-value

Total IgGn 9.6 � 2.0 10.2 � 2.5 10.0 � 2.3 0.084w

Total IgAn 2.1 � 1.0 2.1 � 0.9 2.2 � 1.0 0.756z

Total IgMn 1.4 � 0.7 1.6 � 1.0 1.6 � 0.9 0.327§

nThe Academic Medical Center applies the following ranges of reference values for clinical

diagnostic purposes: total IgG, 7.0–16.0 g/l; total IgA, 0.7–4.0 g/l; total IgM, 0.4–2.3 g/l.
wSignificant covariate in the overall analysis of covariance (ANCOVA) was smoking (po0.001).
zSignificant covariate in the overall ANCOVA was age (p5 0.001).
§
ANCOVA based on log-transformed values for IgM.

Table 4. Plasma levels (means � standard deviations) of immunoglobulin (Ig) IgG1, IgG2, IgG3
and IgG4 in g/l in controls and patients with moderate periodontitis and severe periodontitis

g/l Control (n5 55) Moderate (n5 51) Severe (n5 29) p-value

IgG1n 4.2 � 2.5 5.1 � 2.0 6.0 � 3.1w 0.009
IgG2n 2.7 � 1.3 3.4 � 1.6z 3.7 � 1.8§ 0.002z

IgG3n 0.3 � 0.2 0.4 � 0.2 0.4 � 0.2 0.151 k

IgG4n 0.4 � 0.4 0.6 � 0.8 0.5 � 0.6 0.178nn

nThe manufacturer of the ELISA kits (Sanquin, Amsterdam, the Netherlands) provided the

following information regarding reference values for clinical diagnostic purposes: IgG1, IgG2, IgG3

and IgG4 are normally present as 65%, 25%, 6% and 4% of total IgG, respectively.
wPost hoc testing between any two groups showed that plasma levels of IgG1 in severe periodontitis

were higher than in control (p5 0.013).
zPost hoc testing between any two groups showed that plasma levels of IgG2 in moderate were

higher than in control (p5 0.013).
§Post hoc testing between any two groups showed that plasma levels of IgG2 in severe periodontitis

were higher than in control (p5 0.001).
zSignificant covariate in the overall analysis of covariance (ANCOVA) was smoking (p5 0.009).
k

ANCOVA based on log-transformed values for IgG3.
nnKruskall–Wallis test since neither the residuals of untransformed IgG4 nor log-transformed values

of IgG4 showed a normal distribution in Q–Q plots.
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Fig. 1. Bar graphs representing mean
� standard deviation of numbers of teeth
without alveolar bone loss, with bone loss
41/3 of the root length and with bone loss
X50% of the root length, for non-smoking
(n5 43) and smoking periodontitis patients
(n5 37). There was a significant difference
between non-smokers and smokers for
number of teeth without bone loss
(nnp5 0.004) and for number of teeth with
41/3 bone loss (np5 0.019).
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Finally, the relation of smoking with
Ig plasma levels was explored among
patients with AgP and CP. In AgP
patients (n5 18), plasma levels of total
IgG, IgG1 and IgG2 were comparable
between non-smokers and smokers.
However, in CP patients (n5 67),
smokers showed lower levels of total
IgG and IgG2 than non-smokers
(po0.01 and po0.001, respectively).
Interestingly, between non-smoker AgP

and non-smoker CP, there were no
differences for total IgG, IgG1 and
IgG2 levels. Similarly, between smok-
ing AgP and smoking CP no differences
for the antibody outcome variables were
observed.

Discussion

The major findings of the present study
can be summarized as follows:

(i) In periodontitis, higher levels of
IgG1 and IgG2 were observed
compared with periodontally intact
control subjects.

(ii) Smoking was strongly associated
with no or minimal rise in plasma
levels of total IgG and IgG2 in
periodontitis, despite the fact that
the prevalence of several perio-
dontal pathogens was increased.

(iii) The elevation of total IgG, IgG1
and IgG2 in non-smoking perio-
dontitis patients was increasing

with severity, but independent of
whether patients were infected
with the periodontal pathogens A.
actinomycetemcomitans or P. gin-
givalis and independent of whether
the disease was of the aggressive or
chronic form.

(iv) The lack of an elevated total IgG,
IgG1 and IgG2 in smoking patients
was irrespective of severity of the
disease, infection with A. actino-
mycetemcomitans or P. gingivalis,
or diagnosis.

(v) IgA and IgM levels were not
different between periodontitis pa-
tients and controls, suggesting that
IgA and IgM do not play a major
role in periodontitis.

The current findings corroborate the
observation by others (Wilton et al.
1992, Gunsolley et al. 1997, Quinn et al.
1998), that in periodontitis one can
expect a rise in systemic IgG levels,
but that smoking periodontitis patients
do not show an elevation of systemic
IgG levels, in particular IgG2. Similar
to Quinn et al. (1998), we also find that
smoking does not affect levels of IgG1,
IgG3 and IgG4. In addition, we corro-
borate that in periodontitis levels of IgA
and IgM are not elevated (Gmür 1986).
The present values for total IgG, IgA
and IgM and for IgG isotypes were all
within the ‘‘normal’’ reference range
reported by the literature. However, it
should be noted that these reference
values are obtained in a mixed popula-
tion of smokers and non-smokers, and
most likely that ‘‘normal’’ reference
populations are mixed with respect to
periodontal conditions.

Plasma levels of antibody are re-
garded indices of immunity and smok-
ing is now an accepted risk factor for
reduced levels of IgG (Moszczynski et
al. 2001). Also in several other medical
conditions, smoking has been shown to
correlate negatively with plasma anti-
body levels, for example, in smokers
with chronic bronchitis, with peptic
ulcers and with recurrent respiratory
infections (Popa et al. 1993, Calvet et al.
1997, Ogihara et al. 2000, Qvarfordt
et al. 2001).

The major antibody response in
periodontitis is IgG2, presumably in
response to the bacterial polysacchar-
ides and outer membrane proteins of
Gram-negative periodontal pathogens
(Schenck & Michaelsen 1987, Ebersole
1990, Mooney & Kinane 1994, Ogawa
et al. 1994, Lamster et al. 1998). In
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general, higher plasma levels of IgG2,
especially reactive with A. actinomyce-
temcomitans, are considered as protective
to periodontal breakdown (Gunsolley
et al. 1990); however are they really
protective (Albandar et al. 2001)? It
seems surprising that systemic IgG2
levels in periodontitis show such a
modest increase (Table 4), while IgG2
is considered the major antibody re-
sponse to Gram-negative infectious dis-
eases. The ‘‘normal’’ amount of IgG2
circulating in plasma (2.7 � 1.3 g/l in
the control group) perhaps should be
regarded as natural or ‘‘surveilling’’
antibody with low specificity for perio-
dontal pathogens. In fact, present circu-
lating levels of IgG, IgA and IgM as
well as the levels for IgG isotypes were
unrelated to the culture results for A.
actinomycetemcomitans and P. gingiva-
lis. This may indicate that the reported
A. actinomycetemcomitans- and P. gin-
givalis-specific antibodies for perio-
dontitis patients represent actually a
small part of the total antibody pool.
Also, it indicates that many other
microorganisms in addition to A. acti-
nomycetemcomitans and P. gingivalis,
elicit antibody responses in periodontitis
(Albandar et al. 2001). Similarly, the
modest increase of IgG1 in periodontitis
(Table 4), independent of microbiologi-
cal culture results, raises the question
whether the periodontal infection causes
a robust antibody response. In fact, it
has been postulated that periodontitis-
susceptible patients are characterized by
the production of non-protective anti-
bodies (Gemmell et al. 2002). On the
other hand, it needs to be borne in mind
that the systemic Ig levels may be
different from locally produced Ig
amounts. However, some studies
showed correlations between systemic
and local levels of IgG (Choi et al.
1990, Kinane et al. 1993).

The results of the present study and
many others show that smoking patients
in comparison with non-smoker patients
have more severe periodontal bone loss.
Therefore, an explanation for these
findings could be that in smokers with
periodontitis, a lack of sufficient pro-
tective antibodies (in particular IgG2
against Gram-negative microorganisms)
is perhaps in part responsible for
increased severity of destructive perio-
dontal disease. The pathway by which
smoking affects Ig production and,
consequently, the pathogenesis of perio-
dontitis is not understood. In general,
in periodontitis a type 2 T-cell response

is occurring (reviewed by (Gemmell et
al. 2002)) and this type of T-cell
response is stimulatory for B-cells.
However, IgG2 production in mice is
enhanced by a type 1 T-cell response
(Finkelman et al. 1988, Stevens et al.
1988). Other infectious or inflammatory
conditions with a type 1 T-cell response,
including Lyme borreliosis, tuberculosis
and type 1 diabetes, have also shown an
immune response with elevated levels
of IgG1 without concomitant elevation
of IgG2 (Sousa et al. 1998, Widhe et al.
1998, Bonifacio et al. 1999, Ng et al.
1999). Thus, a reduced IgG2 in smokers
may also indicate that the balance
between a type 1 and type 2 T-cell
response in smokers is tipping more
towards type 2, while in non-smokers a
predominant type 1 T-cell activity is
present. However, for the latter hypoth-
esis no data are available. An alternative
explanation is that smoking in general
reduces T-cell responsiveness, resulting
in a decrease of T-cell proliferation and
T-cell-dependent antibody responses
(Geng et al. 1995, 1996). The mechan-
isms whereby smoking affects T-cells
are unknown. A third hypothesis regard-
ing the difference in IgG2 response
between non-smokers and smokers,
involves cells of the monocyte/macro-
phage lineage. These cells may be less
activated in smokers; for example,
monocytes isolated from lung alveoli
in smokers show depressed activity with
respect to the secretion of IL-6, IL-1b
and TNF-a (Soliman & Twigg 1992,
Sauty et al. 1994). These latter cyto-
kines stimulate B-cell proliferation,
which in turn produce Ig’s.

Quitting smoking seems to be bene-
ficial for increasing systemic levels of
antibody. There were 13 subjects within
the non-smokers who quit smoking 46
months and o10 years before entering
the study. The subjects had levels of
total IgG and IgG2 in between the non-
smokers and smokers. But these obser-
vations need to be interpreted with care
as the number of former smokers is
limited and subgroup analysis was not
performed.

In conclusion, among Caucasian Euro-
pean subjects, smoker periodontitis
patients fail to mount an elevated IgG2
response. This lack of increase in
plasma IgG2 levels coincides with
increased severity of periodontal de-
struction in the smoker patients. These
findings are irrespective of whether
subjects were infected with A. actino-
mycetemcomitans or P. gingivalis, and

irrespective of disease diagnosis. The
current results identify another possible
immunological factor that may explain
more periodontal breakdown in smokers
with periodontitis.
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