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Abstract. Recently discovered interleukin 29 (IL-29) has antiviral properties and its production is induced by herpes viruses.
This study was aimed at analyzing the effect of non-surgical periodontal treatment on IL-29 levels in gingival crevicular fluid
(GCF) of chronic and aggressive periodontitis patients. A total of 60 participants were divided into healthy group (group 1; n =
20), chronic periodontitis group (group 2; n = 20), and aggressive periodontitis group (group 3; n = 20). GCF samples collected
from each subject at baseline and 6–8 weeks after scaling and root planing were quantified for IL-29 levels using ELISA. The
mean IL-29 concentration in GCF was found to be highest in group 3 (92.37 pg/µl). The mean IL-29 level in group 1 and group
2 was 36.88 pg/µl and 69.35 pg/µl respectively. After scaling and root planing, the mean concentration of IL-29 in GCF was
increased to 85.99 pg/µl in group 2 and to 114.64 pg/µl in group 3. Results of the present study indicate that antiviral IL-29 level
was highest in GCF of aggressive periodontitis patients and least in subjects with healthy periodontium, while that of chronic
periodontitis lying in between. After non-surgical periodontal therapy, IL-29 levels increased both in chronic and aggressive
periodontitis patients and deserve further investigation as a potential therapeutic agent in treating periodontitis.
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1. Introduction

Periodontal disease is a group of inflammatory dis-
orders, primarily initiated by a chronic bacterial in-
fection [20] and interrelated to the host response to
those accumulations characterized by connective tissue
breakdown and alveolar bone destruction [22,27]. A
small group of predominantly gram-negative anaerobic
or microaerophilic bacteria within the biofilm are often
associatedwith disease initiation and progression. Host
reactions to these pathogens result in the production
of inflammatory mediators by cells like neutrophils,
macrophages, T cells, mast cells and fibroblasts. Proin-
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flammatory cytokines like Interleukin-1 (IL-1), IL-
6, tumor necrosis factor (TNF-α) and prostaglandins
(PGE2) can promote extracellularmatrix destruction by
matrix metalloproteinase (MMPs) in the periodontium
and stimulate bone resorption [3,23].

Cytokines play a key role in a number of biologi-
cal activities including, development, proliferation, re-
generation, repair and inflammation [11,26]. Con-
tributing inflammatorymediators and tissue destructive
molecules have been detected in the gingival tissues,
gingival crevicular fluid (GCF) and saliva of patients
affected by periodontitis. Qualitative and quantitative
changes in the composition of these biomarkers could
have diagnostic and therapeutic significance [18,22].

Actinobacillus actinomycetemcomitans, Porphyro-
monas gingivalis, andBacteroides forsythus are consid-
ered major pathogenic species in destructive periodon-
tal disease [32]. Some herpes viruses including Epstein-
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Barr virus type 1 (EBV-1), human cytomegalovirus
(HCMV) and herpes simplex virus (HSV) have been
associated with periodontal disease as well [2,7,8].

A family of three cytokines, designated interleukin
29, (IL-29), IL-28A and IL-28B have been recognized
from the human genomic sequence that are known as
interferon-λ1 (IFN-λ1), IFN-λ2 and IFN-λ3 respective-
ly. It was also found that like type I IFNs, IL-28 and IL-
29 were induced by viral infection and showed antiviral
activity [9,10,19,24]. Interferon lambda (IFN-λ) has
antiviral, antitumour and immunomodulatory effects.
Impaired IFN-λ production may lead to increased sus-
ceptibility to viral infections [10].

Recently IFN-λs (IL-29, IL-28A and IL-28B) were
measured by enzyme linked immunosorbent assay
(ELISA) in which IL-29 levels were substantially low-
er in patients with chronic hepatitis C than in healthy
controls and patients with spontaneously resolved hep-
atitis [21].

The analysis of cytokine production levels is used as
a tool for studying the local host response to microbial
challenge [18,12]. IL-29 production is induced by her-
pes viruses and herpes viruses are present in periodon-
tal pockets of chronic and aggressive periodontitis pa-
tients. In the light of the present knowledge the authors
consider it essential to analyze and quantify the levels
of antiviral IL-29 in GCF and also to observe the effect
of non surgical therapy on the same.

2. Materials and methods

Study subjects were selected fromoutpatientDepart-
ment of Periodontology, Government Dental College
and Research Institute, Bangalore, India from March
to April 2011. A total of 60 subjects (n = 60; 31 men
and 29 women; age range: 21–42 years) were divided
into three groups., viz, Group 1 consisting of healthy
subjects and Group 2 consisting of chronic general-
ized periodontitis patients and Group 3 consisting of
generalized aggressive periodontitis patients.

Chronic periodontitis patients were diagnosed based
on the criteria of American Academy of Periodontol-
ogy classification of periodontal diseases (1999). The
subjects for sampling were selected at random from
individuals scheduled for a routine oral examination.
Periodontal evaluation included gingival index, prob-
ing pocket depth (PPD), and clinical attachment level
(CAL). All clinical measurements were performed by
a single examiner. PPD and CAL were measured using
a graduated William’s periodontal probe.

Subjects were initially categorized into two groups
based on the gingival index (GI) (Loe and Silness,
1963), PPD, CAL, and radiographic evidence of bone
loss for screening purposes. Group 1 (healthy, n =
20, age range of 21–41 years, mean age of 28.55 ±
5.57 years) subjects with clinically- healthy periodon-
tium, GI < 1 and PPD < 3 mm, and CAL = 0, showed
no evidence of bone loss based on the radiographs.
Group 2 (chronic generalized periodontitis patients,
n = 20, age range of 23–42 years, mean 30.20 ± 5.63
years) had signs of clinical inflammation, GI > 1, PPD
� 4 mm in 30% of sites, and CAL � 1 mm in 30% of
sites with radiographic evidence of bone loss. Group
3 (Generalized aggressive periodontitis, n = 20, age
range of 22–30 years, mean 26.10 ± 4.23 years), GI >
1, PD > 6 mm and CAL > 3 mm in more than 14 teeth;
at least 3 of which were not first molars or incisors with
moderate to severe bone loss.

Patients with chronic generalized periodontitis
(group 2) generalized aggressive periodontitis (group 3)
were treated with a non-surgical approach i.e. scaling
and root planing (SRP). GCF samples were collected
from the same sites six to eight weeks after the treat-
ment.

All patients were systemically healthy and had not
received periodontal treatment or antibiotics for at least
6 months prior to the clinical examination and sam-
pling. Patients were excluded from the study if they
had diabetes, smoking habit, any other systemic dis-
ease or conditions such as pregnancy that could alter
the course of periodontal disease. Subjects who sat-
isfied the inclusion criteria of the study were selected
and ethical approval was obtained from the institution-
al review board. Furthermore, each patient received
a detailed explanation regarding the study procedure,
and written informed consent was obtained from those
who agreed to participate voluntarily in the study.

3. Site selection and GCF sample collection

In the periodontitis group, only one site per subject
was selected as a sampling site; whereas in the healthy
group, multiple sites (three to five sites per subject)
with an absence of inflammation were sampled to en-
sure the collection of an adequate amount of GCF [13].
In chronic and aggressive periodontitis patients, sites
showing the greatest CAL and signs of inflammation,
along with radiographic bone loss were selected for
sampling using graudated Williams periodontal probe.
On the subsequent day, the sample collection site was
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Fig. 1. Mean age in different groups. (Colours are visible in the online version of the article; http://dx.doi.org/10.3233/DMA-120944)

Fig. 2. Mean Gingival Index, Pocket depth and Attachment Loss in millimeters. (Colours are visible in the online version of the article; http://
dx.doi.org/10.3233/DMA-120944)

well-isolated and without touching the marginal gingi-
va, the supragingival plaque was removed. GCF was
collected by placing the microcapillary pipette (Sigma-
Aldrich, St. Louis, MO) at the entrance of the gingival
sulcus (extrasulcular method) by gently touching the
gingival margin. A standardized volume of 3 μL was
collected in single capillary from the same site using
the calibration onwhite color coded 1 to 5μL calibrated
volumetric microcapillary pipettes. A maximum of ten
minutes was given for each sample collection, and the
sites that did not express any GCF within the allotted
time were excluded. The micro-pipettes that were sus-
pected to be contaminated with blood and saliva were
excluded from the study. The collected GCF samples
were transferred to airtight plastic vials and stored at
−70◦ until assayed.

4. IL-29 assay

IL-29 levels in GCF, obtained from study partici-
pants, were measured using Human IL-29 ELISA ac-
cording to the manufacturer’s instructions (R&D Sys-
tems, USA, Imported by Biotech-India, India). All
steps were performedcarefully as per the guideline pro-
tocol provided by the manufacturer. The absorbance
of each well is read on an ELISA reader using 450
nm as the primary wavelength. The concentrations of
IL-29 in both the GCF and plasma tested samples were
estimated using the standard curve.

5. Statistical analyses

All data were analyzed using a software program
(STATA Version 9.2 (STATA corp LP, College Station,
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Table 1
Comparison of three groups with respect to IL-29 level in GCF by one way ANOVA

Description of groups Degrees of freedom Sum of squares Mean sum of squares F-value p-value

Between groups 2 31091.5241 15545.7621 10.5968 0.0001∗
Within groups 57 83620.3681 1467.0240
Total 59 114711.8922

∗p < 0.05, significant.

Fig. 3. Mean concentration of IL-29 in different groups. (Colours are visible in the online version of the article; http://dx.doi.org/10.3233/
DMA-120944)

TX, USA). Accordingly, parametric tests were carried
out for comparing the means of IL-29 concentration in
different groups. To test the hypothesis of equality of
means among the four groups,ANOVA was carried out.
Paired ‘t’test was used to compare post treatment IL-29
concentrations in GCF of group 2 and group 3 patients.
Pair-wise comparison using Tukeys test for GCF IL-29
was carried out to explorewhich pair or pairs differ sig-
nificantly at 5% level of significance. Pearson’s corre-
lation test was used to observe any correlation between
the GCF IL-29 concentration and clinical parameters.

6. Results

The mean Interleukin-29 (IL-29) concentration in
GCF was found to be the highest in group 3, i.e.
92.37 pg/μl. The mean IL-29 level in group 1 and
group 2 was 36.88 pg/μl and 69.35 pg/μl respectively.
Post treatment the mean concentration of IL-29 in GCF
increased to 85.99 pg/μl in group 2 and to 114.64 pg/μl
in group 3. The mean concentration and range of IL-29
in all groups is shown in Fig. 3. Figure 1 shows the
mean age and standard deviation of study subjects in
different groups and Fig. 2 illustrates the mean gingival
index, pocket depth and attachment loss in millimeters.

ANOVA indicated that the means differ significantly
among the groups (p < 0.0001) (Table 1). Further post
hoc analysis using Tukey’s test showed that the differ-
ences were statistically significant between groups 1
and 2, groups 2 and 3 and groups 1 and 3 (p < 0.05)
(Table 2).

IL-29 levels were analyzed in group 2 and group 3
six to eight weeks after scaling and root planing using
paired ‘t’ test. The difference in the GCF IL-29 levels
before and after scaling was found to be statistically
significant in both chronic and aggressive periodontitis
groups. IL-29 levels increased significantly (Statisti-
cally) after scaling and root planing (Table 3).

Pearson’s correlation coefficient test was carried out
to find correlation between clinical parameters, i.e. GI,
PPD, CAL and IL-29 concentration in GCF. It showed a
significant positive correlation between IL-29 concen-
tration and clinical parameters in groups 2 and group 3
(Table 4).

7. Discussion

To the best of our knowledge, this is the first study
conducted in any population regarding the detection of
IL-29 in GCF of subjects with healthy periodontium,
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Table 2
Pair wise comparison of three groups with respect to IL-29 level in GCF by Tukeys multiple post hoc procedures

Groups Healthy Chronic periodontitis Aggressive periodontitis

Mean 36.88 69.35 92.37
SD 25.12 40.93 45.77
Healthy −
Chronic Periodontitis 0.0257∗ −
Aggressive Periodontitis 0.0002∗ 0.0002∗ −

∗p < 0.05, significant.

Table 3
Comparison of before and after treatment with respect to IL-29 level in GCF in chronic and aggressive periodontitis group by paired t-test

Groups Treatment Mean SD Mean Diff. SD Diff Paired t P-value

Chronic periodontitis Before 69.3450 40.9262
After 85.9865 49.1615 −16.6415 18.1188 −4.1075 0.0006∗

Aggressive periodontitis Before 92.3735 45.7745
After 114.6380 56.8647 −22.2645 16.2816 −6.1155 0.0000∗

∗p < 0.05, significant; SD = Standard Deviation.

Table 4
Karl Pearson’s correlation coefficients between IL-29 level in GCF with Gingival index, Pocket depth and Attachment loss in (total) all groups

Variables Correlation coefficients between IL-29 level in GCF with
Correlation coefficient t-value p-value

Gingival index 0.5138 4.5606 0.0000∗
Pocket depth 0.6747 6.9617 0.0000∗
Attachment loss 0.7156 7.8011 0.0000∗

∗p < 0.05 (Significant).

chronic periodontitis and aggressive periodontitis pa-
tients. Interleukin-29 levels were analyzed using sand-
wich ELISA technique.

Periodontal diseases are initiated by Gram-negative
tooth associated microbial biofilms that elicit a host re-
sponse, with resultant osseous and soft tissue destruc-
tion. Many studies have already proven the existence of
herpes viruses in periodontal pockets/tissues of chronic
and aggressive periodontitis patients [2,7,8].

The production of IL-29 is both increased and de-
creased by the herpes viruses. The active role of her-
pes virus in periodontal diseases is debatable and not
been established consistently. Immunologic response
of the host by producing antiviral molecules like IL-
29 might be one of the mechanisms of counteracting
herpes viruses in periodontal pockets/tissues.

In this study we analyzed the GCF levels of IL-29
as a biomarker for periodontal health, chronic and ag-
gressive periodontitis. Also the effect of non surgical
periodontal therapy on the IL-29 levels in GCF of peri-
odontal pockets was assessed using ELISA technique.

Interleukin-29 is an established molecule for its anti
herpes viruses activity in other organs and tissues. In a
study conducted by Langhans et al. [21], IFN-lambda1
(IL-29) and IFN-lambda2/3 (IL-28A/B) plasma levels
in patients with different outcomes of HCV infection

were analyzed using ELISA. IL-29 levels were sub-
stantially lower in patients with chronic hepatitis C
than in healthy controls (p = 0.005) and patients with
spontaneously resolved hepatitis (p = 0.001). Patients
with acute hepatitis C showed IL-29 levels intermediate
between chronic hepatitis C and normal controls; and
IL-29 plasma levels were higher in patients who spon-
taneously resolved hepatitis C than in those who be-
came chronic. High IFN-lambda levels predisposed to
spontaneous resolution of HCV infection. Thus, IFN-
lambdas seem to play an important role in the control
of viral disease (hepatitis C).

In our study IL-29 levels were found highest in ag-
gressive periodontitis patients (92.37 ± 45.77 pg/μl)
and least in periodontally healthy subjects (36.88 ±
25.12 pg/μl), while the levels in chronic periodontitis
patients (69.35± 40.93 pg/μl) were in between aggres-
sive periodontitis patients and healthy subjects. IFN-
lambdas are expressed in virus-infected cells and in-
duce marked antiviral protection in a wide variety of
cells [1,21]. This finding suggests that increased levels
of IL-29 found in aggressive periodontitis may be due
to the increased prevalence of herpes viruses in the peri-
odontal pockets compared to that of chronic periodon-
titis. A previous study had shown that herpes viruses
like human cytomegalovirus and Epstein-Barr viruses



6 B.M. Shivaprasad and A.R. Pradeep / Effect of non-surgical periodontal therapy on interleukin-29 levels

were found more in periodontal pockets of aggressive
periodontitis than in that of chronic periodontitis and
healthy subjects [17]. IL-29 is primarily known for
its expression in potentially any cell type after viral
infection [33].

Also, the IL-29 level in GCF of periodontitis pa-
tients was higher than in that of healthy subjects. A
previous study had shown that prevalence of HCMV
and HSV viruses in GCF is higher in patients suffering
from periodontitis compared to periodontally healthy
subjects [14]. Considering the results of both studies it
can be inferred that IL-29 level was higher in periodon-
titis patients because of increase in herpes viruses in pe-
riodontal pockets of chronic and aggressive periodon-
titits patients when compared to that of periodontally
healthy subjects.

In a previous study it was shown that HSV-1 both
induces and inhibits the antiviral response in human
cells and that the type III IFN (IL-29), together with
IFN-alpha, amplifies the antiviral response against the
viruses [25]. Also, the data suggest a novel role for
IL-29 in the antiviral response against HSV-1, suggest-
ing a potential therapeutic role for type III IFNs against
HSV infections. Authors here hypothesize that ele-
vated levels of IL-29 in periodontitis patients can be
reasoned because of the induction of IL-29 production
by increased presence of herpes viruses in periodontal
pockets compared to that of subjects with healthy pe-
riodontium. It might be the mechanism of the host to
counteract the presence of herpes viruses.

Herpes viruses are present (in less number) even in
the clinically healthy periodontium with shallow gin-
gival sulcus and it is proven by previous research [29].
In the light of the above finding we can understand
the reason for detecting low levels of IL-29 in GCF of
subjects with healthy periodontium.

Further, scaling and root planing aimed at arresting
periodontitis progression resulted in statistically signif-
icant enhancement in the levels of IL-29 in GCF. A pre-
vious study had revealed the decrease in the prevalence
and also the elimination of herpes viruses after scaling
and root planing [14]. Here we hypothesize that in-
crease in the IL-29 level after scaling and root planing
might be because of the decrease in herpes viruses after
scaling and root planing. Also in a study conducted by
Langhans et al. it was observed that IL-29 levels were
substantially lower in patients with chronic hepatitis C
than in healthy controls (p = 0.005) and patients with
spontaneously resolved hepatitis [21]. These data sug-
gest that as the virus level is decreased the level of the
interleukin-29 increases or vice versa is true.

Also, scaling and root planing decrease the patho-
genic anaerobic bacteria that coexist with herpes virus-
es which can increase the local host immunity [6]. In-
crease in local immunity can increase the IL-29 level
which is antiviral and act against herpes viruses.

In the present study the levels of IL-29 correlated
positively with gingival index, pocket depth and attach-
ment loss. Previous studies have shown that increased
pocket depth correlates with increased prevalence of
herpes viruses and therefore we reason here that IL-29
levels increases as the pocket depth increases. After
scaling and root planing the same trend of increase in
IL-29 levels was seen. Also it is very important to note
that Herpes viruses both induces and decreases the pro-
duction of IL-29 [25]. Here authors hypothesize that
presence of herpes viruses might induce the production
of IL-29 in periodontal pockets. Scaling and root plan-
ing increase the local immunity in periodontal pockets
which might increase the IL-29 production.

Microcapillary pipettes were used to collect GCF to
avoid nonspecific attachment of the analyte, which is
seenwithfilter paperfibers resulting in false decrease in
the detectable IL-29 levels that in turn can lead to mis-
calculation of the correlation of IL-29 levels to disease
severity. The disadvantage of this method is the pos-
sibility of trauma to the marginal gingiva, but utmost
care was taken to avoid this during GCF collection [13,
15].

IL-29 was not detected in all the samples of GCF.
The reason for this finding might be due to the variation
in the sampling and also might be due to the sensitivity
of the kit used. Future studies done on large sample
size would better enlighten the presence of IL-29 in
GCF of patients with periodontal diseases.

The limitations of the present study are 1) Other an-
tiviral interleukins like IL-28A and IL-28B and oth-
er systemic markers are not analyzed 2) Herpes virus
count was not correlated with IL-29 levels in GCF and
plasma. Previous studies conducted by many research-
es provide insight about the onset and progression of
periodontitis [4,5,16,28,31]. Indicators of inflamma-
tion may be important clinical determinants of future
periodontal disease progression [30].

8. Conclusion

Results of the present study indicate that IL-29 is de-
tected in GCF of healthy, chronic and aggressive peri-
odontitis patients. The levels of IL-29 is highest inGCF
of aggressive periodontitis patients and least in subjects
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with healthy periodontium and whereas that of chronic
periodontitis lies in between. After non-surgical ther-
apy the IL-29 levels increased in both chronic and ag-
gressive periodontitis patients and deserves further con-
sideration as a therapeutic agent. Future studies with
larger sample size will enhance the knowledge of the
role of IL-29 in periodontal health and disease.
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