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Abstract 
A significant association has been shown to exist between periodontitis and rheumatoid arthritis 
(RA) in observational studies. Some intervention studies have suggested that periodontal treat-
ment can reduce serum inflammatory biomarkers such as C-reactive protein, or erythrocyte se-
dimentation rate. Serum antibodies to oral bacteria have been found at increased levels in RA pa-
tients. In addition, DNAs from these bacteria have been identified from samples of RA patients. 
Several antibiotics are effective on RA. Finally, oral bacteria are responsible for the etiology of RA. 
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1. Introduction 
Rheumatoid arthritis (RA) is a systemic, inflammatory, and autoimmune disorder and is characterized by persis-
tent synovitis, systemic inflammation, and autoantibodies (particularly to rheumatoid factor and citrullinated 
peptide) [1] [2]. 

The diseases collectively termed periodontitis are bacterial infections which begin with inflammation of the 
periodontium, and can progress to loss of teeth [3]. Untreated infections lead to destruction of the periodontal 
ligement and alveolar bone [3]. It is estimated that over 49,000,000 people in the United States have some form 
of periodontitis [3]. These diseases are infectious conditions which may progress over several years with epi-
sodes of exacerbation and remission [3]. 

Several cross-sectional studies found that PD prevalence was higher in patients with RA than in those without 
[4]-[6]. The prevalence of RA was higher in PD patients compared to individuals without PD [7]. Two observa-
tional studies found an association between PD and RA severity [8] [9], and several studies found RA severity 
reduction by controlling PD [10]-[12]. 

http://www.scirp.org/journal/ojra
http://dx.doi.org/10.4236/ojra.2014.43023
http://dx.doi.org/10.4236/ojra.2014.43023
http://www.scirp.org/
mailto:yaseminogrendik@superonline.com
http://creativecommons.org/licenses/by/4.0/


M. Ogrendık 
 

 
163 

2. Periodontopathic Bacteria 

Porphyromonas gingivalis belongs to the phylum Bacteroidetes and is a non-motile, Gram-negative, rod-shaped, 
anaerobic pathogenic bacterium [13]. It forms black colonies on blood agar. P. gingivalis is divided into K-se- 
rotypes based upon capsular antigenicity of the various types. Arg-Gingipain (Rgp) and Lys-Gingipain (Kgp) 
are the gingipains secreted by P. gingivalis [13]. The gingipains serve many functions for the organism, which 
contributes to its survival and virulence [13]. Arg-gingipains have been found to play a key role in the collection 
of nutrients for P. gingivalis survival [13]. P. gingivalis fimbriae were found to be associated with modulating 
β2 integrin adhesive activity for uptake by monocytes using the CD14/TLR2/PI3K signaling complex, which 
may contribute to intracellular evasion tactics, by P. gingivalis [14]. Calprotectin is a cytosolic protein with an-
tibacterial action in leukocytes and its level increases in some inflammatory diseases, including PD, RA and ul-
cerative colitis [15]. It was found that the lipopolysaccharide of P. gingivalis (P-LPS) induced calprotectin re-
lease from human neutrophils. P-LPS, a major virulence factor of periodontal pathogens, is known to induce the 
production and release of inflammatory cytokines through CD14, Toll-like receptor (TLR) and nuclear factor 
kappaB (NF-kappaB). Calprotectin release is induced by P-LPS via the CD14-TLR2-NF-kappaB signal pathway 
in human neutrophils [15].  

Tannerella forsythia is an anaerobic, Gram-negative species of bacteria of the Cytophaga-Bacteroidetes fam-
ily implicated in PD. T. forsythia is a member of the red complex of periodontal pathogens [13]. 

Treponema denticola is a Gram-negative, obligate anaerobic, motile and highly proteolytic bacterium [13]. 
This Gram-negative oral spirochete is associated with the incidence and severity of human PD. T. denticola le-
vels in the mouth are elevated in patients with PDs and the species is considered one of the main etiological 
agents of periodontitis [13]. 

These bacteria contain peptidylarginine deiminases (PADs), which are associated with the incidence and se-
verity of human PD. Their levels in the mouth are elevated in patients with PD [13].  

3. Citrullination 
Citrullination, the process in which citrulline-containing proteins are formed, seems to have a role in several au-
toimmune diseases [16]. Although citrulline is a common metabolite present throughout the human body, it is a 
non-standard amino acid, which means that it cannot be incorporated into proteins during protein synthesis. Ci-
trulline-containing proteins can only be generated through post-translational modification of arginine residues, a 
reaction that is catalysed by PAD enzymes [16]. 

Fibrin and fibrinogen may be favored sites for arginine deimination within rheumatoid joints. Test for pres-
ence of anti-citrullinated protein (ACP) antibodies are highly specific (88% - 96%) for RA, about as sensitive as 
rheumatoid factor (70% - 78%) for diagnosis of RA, and are detectable from even before the onset of clinical 
disease [17]. 

Citrullinated vimentin may be an autoantigen in RA and other autoimmune diseases, and is used to study RA. 
Moreover, antibodies against mutated citrullinated vimentin (MCV) may be useful for monitoring effects of RA 
therapy [18]. 

In 2001, Ogrendik et al. first hypothesized that in a genetically susceptible (shared epitope-positive) individu-
al, immune tolerance to endogenous citrullinated antigens may be broken with subsequent development of anti- 
cyclic citrullinated peptide antibodies, which are associated with the development of RA [19] [20]. The ubiquit-
ous enzyme enolase is a candidate antigen because a citrullinated form of enolase has been identified as an au-
toantigen in RA [21]. The incubation of wild type P. gingivalis with fibrinogen or α-enolase destroys these pro-
teins and the citrullination of the carboxyl-terminal arginine residues [22] P. gingivalis titration in RA patients is 
correlated with the concentration of anticitrullinated protein/peptide antibodies [23]. 

Finally, P. gingivalis, T. forsythensis, and T. denticola contain the enzyme PAD, which is involved in citrul-
lination. 

4. Etiology of Rheumatoid Artritis 
Ogrendik et al. observed higher serum levels of antibodies against disease-causing periodontal bacteria in RA 
patients compared to a control group in a case-control study and reported that anti-P. gingivalis antibodies were 
more frequently observed in RA patients than healthy controls [20]. Furthermore, the concentrations of autoan-
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tibodies that are related to RA and C-reactive protein are also higher in people with P. gingivalis infections. This 
study was conducted from August 2001 to August 2002 in Turkey and Australia. Similar results have been 
demonstrated in other case-control studies [24]-[26]. 

However, the detection of bacterial DNA, rather than antibodies, in the synovial fluid of RA patients is a more 
significant result because it indicates the transfer of bacterial DNA from the infection site into the joints. Recent 
studies have focused on the determination of bacterial DNA in the joints of RA patients, using checkerboard 
DNA-DNA hybridization or polymerase chain reaction (PCR) detections [27] [28]. P. gingivalis, T. forsythia, 
and P. intermedia bacteria have been determined in synovial fluid samples from patients with RA and psoriatic 
arthritis through the detection of checkerboard DNA-DNA hybridization [27]. A recent cross-sectional study of 
19 patients with periodontitis and resistant RA who received intensive therapy with disease-modifying anti-
rheumatic drugs (e.g., methotrexate, sulfasalazine, leflunomide, and chloroquine) demonstrated the presence of 
P. intermedia (89.4%), P. gingivalis (57.8%), and Prevotella nigrescens (21.0%) using PCR [28]. These two 
studies clearly support the presence of the chromosomal DNA of PD-associated bacteria in the sera and synovial 
fluid of RA patients. Synovial inflammation in RA facilitates the detection of oral bacterial DNA [27]. 

PD patients frequently experience bacteraemic episodes [29]. The frequency of bacteraemia is 13% after ul-
trasonic measurements; 20% after periodontal interventions; and 3% after tooth brushing [29]. Periodontal pa-
thogens can directly access the blood circulation [27] [28] and periodontal bacterial DNA is transported from the 
periodontal regions to the synovium in the form of free DNA [28]. 

5. Animal Models 

The association between P. gingivalis and RA has been investigated in animal models. The injection of heat- 
killed P. gingivalis into the backs of rats with RA stimulates arthritic development as measured by paw swelling 
[30]. A P. gingivalis-induced extrasynovial, chronic inflammatory lesion noticeably stimulated the development 
of arthritis in this model. This same group examined preexisting PD and its effects on arthritis using a RA rat 
model [31]. PD was precipitated using an oral gavage with P. gingivalis, and arthritis was initiated using the 
collagen antibody-induced arthritis model. The PD rats exhibited higher inflammation levels and more radio-
graphic joint damage following arthritis compared to rats without PD. This study demonstrated that P. gingiva-
lis-induced preexisting PD enhanced the formation and severity of arthritis. These results demonstrate that PD 
caused by bacterial infection increases inflammation in distant synovial tissues. 

In yet another investigation, DR4 transgenic rats were immunized with enolase that was isolated from P. gin-
givalis to specify the relationship between RA characterized by anti-citrullinated enolase peptide (anti-CEP) an-
tibody positivity and P. gingivalis [32]. The anti-CEP antibody is specific to RA [33], and it is largely associated 
with alleles that contain the HLA-DRB1 shared epitope [33]. This study demonstrated a more severe arthritis in 
the rats immunized with enolase (native and citrullinated forms) isolated from both humans and bacteria com-
pared to the control group. Furthermore, immunization with P. gingivalis enolase generated autoimmunity to 
human alpha-enolase and promoted the progression of arthritis. These results suggest that enolase from P. gin-
givalis in its most native form precipitates the onset of RA in some patients. 

In a recent study, Maretz et al. [34] showed that infection with viable periodontal pathogen P.gingivalis strain 
W83 exacerbated collagen-induced arthritis (CIA) in a mouse model, as manifested by earlier onset, accelerated 
progression and enhanced severity of the disease, including significantly increased bone and cartilage destruc-
tion. The ability of P. gingivalis to augment CIA was dependent on the expression of a unique P. gingivalis pep-
tidylarginine deiminase (PPAD), which converts arginine residues in proteins to citrulline. Infection with wild 
type P. gingivalis was responsible for significantly increased levels of autoantibodies to collagen type II and ci-
trullinated epitopes as a PPAD-null mutant did not elicit similar host response. High level of citrullinated pro-
teins was also detected at the site of infection with wild-type P. gingivalis. Together, these results suggest bac-
terial PAD as the mechanistic link between P. gingivalis periodontal infection and rheumatoid arthritis. 

6. Treatment of Rheumatoid Arthritis with Antibiotics 
6.1. Sulfasalazine 
Professors Svartz, Willsteadt, and Askelof first produced sulfasalazine (SASP) as a combination of sulphapyri-
dine and 5-aminosalicylic acid in Sweden in the 1930s [35]. During that time, the sulphonamides were the only 
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valid antibiotics for the treatment of “rheumatoid polyarthritis” (RA). Svartz and her colleagues published their 
work on the effects of SASP for the treatment of RA in 1948 [35]. However, due to the discovery of corticoste-
roids in 1949 and the increased interest in gold and penicillamine, SASPs did not become the preferred RA 
treatment until the 1980s. In a study published in 1980, McConkey et al. restored the use of SASPs for the 
treatment of RA [36]. 

After intake, SASP is converted into sulphapyridine (SP) and 5-aminosalicylic acid (5-ASA) by the intestinal 
bacteria in the colon. Thirty percent of SP and the intact SASP molecule are absorbed, but 5-ASA is not [37], 
indicating that SP and SASP are the effective compounds for the treatment of RA [38]. The benefits of sulfame-
thoxazole for the treatment of RA further support the hypothesis that SP is the active reagent in SASP [39]. Fi-
nally, SASP is a type of antibiotic that can be effectively used for the treatment of RA. 

In the 1940s, sulphonamides, which are effective in treating various gram-negative and -positive bacteria, 
were used for the treatment of periodontal diseases [40]. 

Two meta-analyses of a number of controlled studies indicated that SASP significantly improved the treat-
ment of RA, in comparison with placebo [41] [42]. 

6.2. Tetracyclines 
Tetracyclines are bacteriostatic antibiotics that are considered broad-spectrum antibiotics because they are active 
against a wide range of aerobic and anaerobic Gram-positive and Gram-negative bacteria, and against other mi-
croorganisms, including Rickettsia, Chlamydia and Plasmodium spp., and Mycoplasma pneumonia [43]. The 
mechanism of action behind the antibiotic properties of tetracyclines is mainly related to their ability to bind to 
the bacterial 30S ribosomal subunit and inhibit protein synthesis [43]. Several studies led to clinical trials with 
different tetracyclines, including minocycline. Initially, two double-blind, placebo-controlled trials were con-
ducted: one by Kloppenburg et al. [44] and the minocycline in rheumatoid arthritis trial [45]. A few years later, 
Langevitz et al. [46] summarized the results of two previous open trials and three double-blind controlled stu-
dies. They concluded that minocycline might be beneficial in patients with rheumatoid arthritis, especially when 
administered early in the course of the disease or in patients with only mild disease, showing beneficial effects 
with respect to joint swelling and/or tenderness, laboratory parameters and patient assessments. A meta-analysis 
from 2003 that summarized the results from the clinical trials conducted until 2002 confirmed these beneficial 
effects [47]. 

6.3. Macrolide Antibiotics 
The macrolides are a group of antibiotics whose activity stems from the presence of a macrolide ring, a large 
macrocyclic lactone ring to which one or more deoxy sugars, usually cladinose and desosamine, may be at-
tached. The lactone rings are usually 14-, 15-, or 16-membered. Macrolides belong to the polyketide class of 
natural products. 

Macrolides are protein synthesis inhibitors. The mechanism of action of macrolides is the inhibition of bio-
synthesis bacterial protein, and they are thought to do this by preventing peptidyl transferase from adding the 
peptidyl attached to tRNA to the next amino acid as well as by inhibiting ribosomal translocation [48]. 

The first trial with clarithromycin, a macrolide antibiotic, for the treatment of RA was conducted as an open- 
label study in Italy [49]. This study of 18 RA patients was carried out for 6 months, and clarithromycin was 
found to be beneficial for RA treatment. 

In a recent study, Saviola et al compared the efficacy of the addition of clarithromycin to methotrexate and 
methylprednisolone in active RA. This study showed that the addition of a 4-week clarithromycin cycle was ef-
ficacious in inducing the remission of the disease [50]. 

In 2006, Ogrendik reported a study of the use of clarithromycin for the treatment of RA [51]. This was a 6- 
month, randomized, double blind, and placebo-controlled study. A total of 81 patients with early RA were 
treated with either once-daily oral clarithromycin (500 mg) or daily oral placebo. The primary efficacy variable 
was the percentage of patients who had a 20% improvement according to the American College of Rheumatol-
ogy (ACR) criteria (i.e., an ACR 20 response) at 6 months. The secondary outcome measures were 50% im-
provement and 70% improvement, according to ACR criteria (an ACR 50 response and an ACR 70 response, 
respectively). A significantly greater percentage of patients treated with 500 mg clarithromycin met the ACR 20 
response at 6 months compared with patients who received placebo (59% vs. 33%) (P < 0.001). A larger per-
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centage of patients treated with 500 mg clarithromycin also achieved ACR 50 responses (34% vs. 10%) (P < 
0.001) and ACR 70 responses (20% vs. 3%) (P = 0.003) compared with patients who received placebo, respec-
tively. The clarithromycin was well tolerated. There were no dose-limiting toxic effects. 

In 2009, Ogrendik reported on the use of another macrolide, roxithromycin, for the treatment of early RA. 
This was a double-blind trial [52] Adult patients with early RA who had not previously received DMARDs were 
enrolled and randomized to receive either once-daily oral roxithromycin (300 mg) or once-daily oral placebo for 
3 months. The primary efficacy variable was the percentage of patients who had a 20% improvement according 
to ACR criteria at 3 months. The secondary outcome measures were 50% improvement and 70% improvement 
according to ACR criteria. The 28-joint disease activity score (DAS28) was also calculated. The roxithromycin 
group had 16 patients, and the placebo group had 15 patients. A significantly greater percentage of patients 
treated with roxithromycin experienced an ACR 20 response at 3 months compared with those who received 
placebo (75% [n = 12] vs. 20% [n = 3]) (P = 0.002). Greater percentages of patients treated with roxithromycin 
also achieved ACR 50 responses (56% [n = 9] vs. 7% [n = 1]) (P = 0.003) and ACR 70 responses (44% [n = 7] 
vs. 0%) (P = 0.004) compared with patients who received placebo. At month 3, the DAS28 response rates were 
significantly greater with once-daily roxithromycin than with once-daily placebo (P < 0.001). Adverse events 
were reported for eleven patients (69%) in the roxithromycin group and for seven patients (47%) in the placebo 
group. The most common (>5%) adverse events were nausea, abdominal pain, headache, and dry mouth. There 
were no dose-limiting toxic effects. One participant in the roxithromycin group withdrew from the study be-
cause of severe emesis, while two withdrew from the placebo group because of a lack of efficacy. 

In yet another study, Ogrendik and Karagoz used roxithromycin in patients who were known to be resistant to 
at least one DMARD [53]. This was a 6-month, randomized, double blind, and placebo-controlled trial. The re-
searchers treated 100 active RA patients with either once-daily oral roxithromycin (300 mg) or daily oral place-
bo for 6 months. The primary efficacy variable was the percentage of patients who had a 20% improvement ac-
cording to ACR criteria at 6 months. The secondary outcome measures were 50% improvement and 70% im-
provement according to ACR criteria. A significantly greater percentage of patients treated with roxithromycin 
met the ACR 20% improvement criteria at 6 months compared with patients who received placebo (60% vs 34%) 
(P = 0.009). Greater percentages of patients treated with roxithromycin also achieved ACR 50 responses (38% 
vs 12%) (P = 0.003) and ACR 70 responses (18% vs. 2%) (P = 0.008) compared with patients who received 
placebo. Roxithromycin was well tolerated, with an overall safety profile similar to that of the placebo. 

Macrolide antibiotics are used to treat infections caused by gram-negative anaerobic bacteria [52]-[53]. In ad-
dition, they possess anti-inflammatory effects [49]. 

7. Conclusion 
The above findings indicate that periodontopathic bacteria are responsible for the etiology of RA in a genetically 
susceptible host. These results will guide more comprehensive and efficacious treatment strategies for RA. Pe-
riodontal pathogens have direct systemic access to the blood circulation. Therefore, treatment with antibiotics in 
patients with RA is effective. 
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