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Background: In the previous studies using the commercial ELISA kit, the existence of staphylococcal superantigens has been reported in 
synovial fluid of patients with rheumatoid arthritis (RA).
Objectives: This study aimed to design molecular methods to detect staphylococcal enterotoxin C in synovial fluid of patients with 
rheumatoid arthritis.
Materials and Methods: In this experimental study, Staphylococcus aureus strain producing enterotoxin C was used as the reference 
strain. The polymerase chain reaction (PCR) was set up by design a specific pair of primers. Besides bacterial culture, 50 synovial fluid 
samples of patients with rheumatoid arthritis were subjected to DNA extraction, and then PCR amplification was carried out according to 
the protocol. All samples were examined by ELISA method for enterotoxin C. The data were descriptively analyzed.
Results: The results of bacterial culture were negative for all samples. The results showed that 66% (33 cases) of samples contained entC 
gene and only 46% (23 cases) have also enterotoxin C. The interesting finding was that the results of ELISA and PCR were the same and have 
shown only 22 positive cases (44%samples) for staphylococcal enterotoxin C.
Conclusions: Based on the findings of this study, S. aureus enterotoxin C (SEC) has been detected in synovial fluid of patients with 
rheumatoid arthritis by PCR and ELISA methods. These valuable findings may describe the exact etiology of the RA and as well as change 
the methods of its diagnosis and treatment. This is the first research, which has shown the staphylococcal entC gene in synovial fluid of RA 
patients. However, S. aureus strains can produce more than 20 types of enterotoxins. Therefore, its involvement on rheumatoid arthritis 
pathogenesis makes an important challenge in the future. In this regard, further investigation on the other enterotoxins is necessary.
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1. Background
The etiology of rheumatoid arthritis (RA) has still re-

mained unclear and the disease is a substantial public 
health concern with its increasing costs, morbidity and 
disability. In this regard, many researches have been car-
ried out. However, physiopathology of RA remains a mys-
tery (1). The results of the researches showed that RA is an 
autoimmune disease in which the pathological immune 
reaction is initiated by the presentation of an antigen or 
superantigen by MHC class II positive cells to CD4 T cells 
(2). In this study, the role of superantigen in RA has been 
investigated by assaying the serum levels of staphylococ-
cal enterotoxin B (SEB) antibodies and showed that RA 
patients had increased levels of serum IgM SEB antibody 
compared with normal subjects (3). However, Staphylo-
coccus aureus can produce a great variety of toxins, with 
superantigen activity 3.

Two classes of superantigens are toxic shock syndrome 

toxin 1 (TSST-1) and staphylococcal enterotoxins (SEs). 
Twenty types of SEs have been defined so far and the 
most common of them are as follows: SEA, SEB, SEC1, 
SEC2, SEC3, SED, and SEE (4). It is unclear whether they are 
involved in the pathogenesis of RA. One investigator has 
discussed the pathogenesis of arthritis induced by SEB, 
and this supports the possibility that superantigen may 
play a role in the induction of autoimmune diseases (5). 
In addition, current evidence suggests that the experi-
mental arthritis model may provide a means to examine 
the role of superantigens and the efficacy of pharmaco-
logical agents for the treatment of RA.

Thus, the ability of enterotoxins as superantigen to acti-
vate enormous numbers of T cells suggests that they may 
play a major role in the course of autoimmune disorders 
(6). The results of Baillet research have shown that the 
concentrations of S100A8, S100A9, and S100A12 proteins 
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are dramatically increased in synovial fluid of patients 
suffering from RA (7), but this research neglected the 
characteristics of these proteins. The results of another in 
vitro investigation indicate that activated synovial cells 
are potent antigen-presenting cells for SEB to T cells, sug-
gesting that superantigens may play a critical role in the 
pathogenesis of RA through activating synovial cells (8). 
All researches conducted on the role of staphylococcal 
superantigens (enterotoxins) in the pathogenesis of RA 
were dependent on the results of cell culture, antistaphy-
lococcal antibody measurements in serum, and injected 
staphylococcal enterotoxin B into the experimental mice. 
However, it is unclear whether the other staphylococcal 
enterotoxins have a role in the pathogenesis of RA. In fact, 
all the researches carried out in this regard were contro-
versial. So far, no researches have directly shown staphy-
lococcal enterotoxins in synovial fluid of patients.

2. Objectives
The purpose of this study was to track the Staphylococ-

cus aureus enterotoxin C in the synovial fluid of patients 
with rheumatoid arthritis.

3. Materials and Methods

3.1. Bacterial Strain
In this study, a strain of Staphylococcus aureus (S. aureus) 

with previously confirmed enterotoxin C gene and its 
toxigenicity was used as the standard strain (8).

3.2. Primer Design
Using online Genscript software, a primer was designed 

on the basis of the reference sequence (S. aureus MW2 
enterotoxin C gene, accession number AB084256.1) and 
was analyzed by primer3 software. In addition, multiple 
alignments were carried out by DNASIS MAX trial version. 
This primer pair was amplified a 206-bp fragment. 

3.3. Sampling
In an experimental study, during 18 months, from Sep-

tember 2010 to March 2012, a total of 50 samples of sy-
novial fluid (SF) were provided by rheumatologist from 
patients with RA referred to clinical rheumatology. 
The collected SF samples were studied separately at the 
Microbiology Laboratory of Baqiyatallah University of 
Medical Sciences, Tehran, Iran. All patients participated 
in this study were briefed and taken informed consent. 
According to ACR (American College of Rheumatology) 
2010 criteria (10), those who were diagnosed with RA, 
were included in the study. In aseptic conditions, each 
SF sample was separated into two parts; the first part was 
immediately inoculated in Castaneda medium. The other 
part was subjected to ELISA and PCR. The remaining sam-
ples of synovial fluid were kept at 20°C for the next stages 
of the research. This study was approved by Ethics Com-

mittee of Baqiyatallah University of Medical Sciences (No-
vember 29, 2011, Code No: 24 paragraph 28).

3.4. DNA Extraction
DNA extraction of standard bacteria was performed by 

modified salting out method (11) from 24-hour culture 
suspension of bacteria. Then, the extracted DNA was eval-
uated by NanoDrop (Thermo Scientific NanoDrop 2000 
Spectrophotometer USA) and conditions were optimized 
in order to perform PCR.

3.5. DNA Amplification
PCR was performed in optimum conditions for ampli-

fication of 206 bp fragment in a total volume of 25 μL, 
which included 1 μL (50 ng/μL) of template DNA, 1.5 U 
Taq DNA polymerase, 0.12 mM dNTP Mix, 10 pmol of each 
primer and 2 mM MgCL2. DNA amplification was per-
formed in a thermal cycler (Eppendorf AG 22331 Germa-
ny) using the following conditions: initial denaturation 
for 4 min at 94°C followed by 35 cycles of denaturation 
(94°C for 30s), annealing at 61°C for 30 s  and extension 
at 72°C for 20 s. The final extension step at 72°C for 5 min 
was performed after completing the cycles. As a positive 
control, PCR containing template DNA extracted from 
the standardized strain of Staphylococcus aureus.

3.6. Visualization of Amplified DNA
About 5 μl aliquot of the PCR product was analyzed 

on 1.5%TBE agarose (Maxpure agarose, Lot No. K452410. 
Spain). The electrophoresis was carried out in horizontal 
gel tanks at 100 mV for 45 min or until the desired reso-
lution was obtained. Then, agarose slab gel was stained 
with submerging in ethidium bromide solution (0.5 mg/
mL) for 10 min and after that washing was carried out. 
Gel were viewed by UV Transillumination (Bio-Rad, Uni-
versal Hood ΙΙ, USA) and photographed using a 35 mm 
camera.

3.7. DNA Extraction From Synovial Fluid
DNA extraction from synovial fluid was performed ac-

cording to kit instructions (CinnaPure DNA; Cat. No. 
PR881612; CinnaGen Co; Iran). Extracted DNA was exam-
ined by NanoDrop and 1 µL of it was used as the template 
to perform PCR.

PCR product was electrophoresized by 1.5% TBE agarose 
gel. Then, it was placed in ethidium bromide solution for 
10 min. After that, gel documentation was studied by ul-
traviolet light. Because additional bands were observed 
in the gel, the PCR product was electrophoresized again 
by 1.5% low melting temperature of agarose gel. Then, 
the equal band was isolated from the gel and DNA extrac-
tion was performed by the kit (Gel DNA Recovery Kit, GF-
GP-050, and Cinnagen, Iran). After ensuring of no other 
bands in the gel, it was sent to CinnaGen Co. to determine 
the sequence.
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3.8. ELISA Plate Design
For this purpose, antistaphylococcal enterotoxin C 

antibody (Rb PAb enterotoxin C, Ab 15899, 500 Ug, Lot 
#722163; Abcam Germany) was used. The antibody was 
a monospecific polyclonal one. Bovine Serum albumin 
(Lot#057K0737, Sigma Life Science), horseradish peroxi-
dase conjugated Ab (Anti-Rabbit IgG, Code No: AP7181, 
Lot#102, Razi BioTech, Iran), substrate (urea peroxide) 
and Cologne (tetramethylbenzidine) and stopper (sulfu-
ric acid) were purchased from Merck, Germany. Primary 
antibody (Staphylococcus aureus enterotoxin C antibod-
ies) was coated onto the plates. The working dilution was 
1 ng/µL. Each one of 96-well microplate ELISA was selected. 

In each plate, the A, B, C, D, and E rows were coated with 
anti-enterotoxin type C antibody. Rows F and G were 
considered as negative controls. Row H was selected as a 
positive control. In negative control rows, the antibody 
was not coated. For positive control row, a specific anti-
body of a known toxin was used. The plate prepared by 
the above mentioned method was put at 37°C overnight 
so the remaining liquid evaporated. Then, all wells were 
treated with 3% BSA solution. This was done in order to 
saturate free binding sites. After that, plates were sailings 
in aluminum foil pocket and stored in a refrigerator at 
4°C until further use.

After preparation of ELISA plates, all samples were as-
sayed as follows: 50 µL of synovial fluids (diluted with ster-
ile PBS to 50%) was loaded in each well and the plates were 
incubated at 37°C for one hour. After the incubation period, 
the remaining samples were evacuated from the plates, 
and they were washed three times by washing buffer for 
45 s. After that, 50 µL of working diluted the secondary 
antibody was added to each well. Next, they incubated for 
50 min at 37°C and then the sink was drained and washed 
three times. In the final stage, 50 µL of substrate solution 
(urea peroxide) and then 50 µL chromo gene solution 
(tetramethylbenzidine) was added. After 15 minutes and 
checking the color, the plates were subjected to 100 µL of 
stopper (sulfuric acid 2M) and immediately poured into 
each well. Then, the opacity of each well of ELISA plates at 
450 nm were measured using ELISA Reader (Tecan, Austia 
Gmbh, Model: Sunrise, Serial No: 501000095). The cut off 
value was calculated using the mean OD of negative con-
trols, and a constant factor of 0.15 was added to them, till 
the test cut-off value was obtained.

4. Results
The results of demographic analysis showed that 35 

patients were male and 15 of them were female. Their av-
erage age was 49 ± 12 y. None of the patients was taking 
medication. In addition, there were no histories of the 
surgery, hepatitis, jaundice, and hijama (phlebotomy). 
The results of bacteriological culture of 50 samples of 
synovial fluid from patients with rheumatoid arthritis 
were reported negative. In other words, despite the use 
of enriched bacteriologic culture media, bacteria grew in 

none of the samples. 

4.1. The Results of ELISA Test
The designed ELISA plate could reveal the presence of 

enterotoxin C of Staphylococcus aureus in some samples. 
In fact, the results of ELISA test on synovial fluid samples 
showed the presence of enterotoxin C in 22 cases (44%). 
Based on cut-off value and also positive control wells, the 
C row in Figure 1 has shown that 17, 18, 22 and 24 wells are 
positive samples. The H row is positive control with 2-10 
ng toxin.

As it can be seen in Figure 1, enterotoxin type C of Staphy-
lococcus aureus is shown in row C of the samples 17, 22, 24 
and 25. In this plate, rows F and G are negative controls 
(data not shown) and row H is a positive control with dif-
ferent concentrations of standard value.

Positive or negative ELISA test criteria were calculated 
by cut-off point calculation so that the constant coeffi-
cient 0.15 was added to the average absorption rate of the 
negative control wells (wells in row F and G); the result-
ing number was cut-off point. Wells that have absorption 
rate higher than cut-off point are considered positive and 
the wells that have less absorption rate than cut-off point 
are considered negative. 

Measurement of absorption rate in an ELISA plate that 
was designed to detect staphylococcal enterotoxins with 
a wavelength of 450 nm and the cut-off value of this ELISA 
plate is obtained by mean calculation of absorption rate 
of negative control wells and adding a fixed number 
(0.15) to it. Thus the mean absorption of the negative 
control wells has been achieved at 0.129 and if the fixed 
number (0.15) is added to it, the number 0.279 will be 
obtained. Therefore, the wells that have absorption rate 
higher than 0.279 are considered positive and the wells 
which have less absorption rate than 0.279 are consid-
ered negative samples.

Figure 1. An Example of ELISA plate Designed in This Study

4.2. The Results of Genome Extraction From Sam-
ples of Synovial Fluid

The results of genome extraction from samples of sy-
novial fluid of patients with RA and their electrophoresis 
suggested that the DNA quantity was different in samples 
(Figure 2). The measurement of the extracted DNA concen-
tration showed the difference by NanoDrop. As the maxi-
mum amount was related to sample 23 with 127 ng/µL, and 
the minimum amount was related to sample 25 with 12 ng/
µL. As shown in Figure 2, loading 1 µL of sample 25 was not 
associated with a distinct band.
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The results of primer designing were as follows; F- GAAA-
CACAATTTCTTTTGAAGTGC and R- AAACTTATCGCCTG-
GTGCAG which were amplified at 206-bp amplicons as 
PCR products. The results of samples PCR with amplifier 
primer of a 206-bp fragment suggested that in 26 out of 
50 samples, there was a part of entC gene. Figure 3 shows 
the result of PCR product electrophoresis with amplifier 
primer of a 206-bp fragment for a number of samples.

Figure 2. The Results of Electrophoresis of Extracted DNA of a Number of 
Synovial Fluid Samples

Figure 3. The Result of PCR Product Electrophoresis with Amplifier Prim-
er of a 206-bp Fragment
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Look at the positive control bands in line 16 and the bands 
with the same width in samples 2, 3a, 4, 5, 6, 7, 8a, 9, 10, 11, 
12, and 15 lines. Lines 16 and 17 in positive and negative con-

trol, respectively and line 18 are 50-bp molecular markers. 
The results of PCR method indicated that 33 (66%) out 

of 50 synovial fluid samples (100 %) of patients with 
rheumatoid arthritis contained the enterotoxin C gene 
(Figure 4). Sequencing of PCR products of one sample as 
representative of other samples showed 99% similarity 
with the reference gene for staphylococcal enterotoxin C. 
While the results of ELISA test showed that only 23 cases 
(46%) have enterotoxin C. The comparison of PCR and ELI-
ZA results revealed that, they were not 100% matched. In 11 
cases (22%) of samples tested by PCR, enterotoxin C gene is 
shown while the negative results were obtained for these 
samples by ELISA. Similarly, the results of ELISA showed 
the presence of enterotoxin C in 2 cases (4%), whereas a 
negative PCR result was reported for those cases. In fact, 
only 22 cases (44%samples) between PCR and ELISA have 
shown similarity. Analysis results revealed that in 10 cases 
(20%) neither PCR method, nor ELISA showed entC gene or 
enterotoxin C protein.

5. Discussion
In this study, the enterotoxin type C existence in syno-

vial fluid of patients with RA was demonstrated by ELISA 
and PCR methods and their confirmation with sequenc-
ing. However, there is a report which has claimed the lack 
of evidence for the role of staphylococcal enterotoxins in 
RA (12).

The ELISA technique could show the presence of large 
amounts of enterotoxin C in 23 samples (46%) out of 50 
samples of synovial fluid. Also, the results of using PCR 
molecular method and amplifier primer of a 206-bp frag-
ment showed the presence of 206-bp fragment, which is 
enterotoxin C gene in 33 samples (66%) out of 50 samples. 
Our previous study revealed that in some cases, more 
than one enterotoxin was detected in synovial fluid 
samples (13). It can be assumed that a similarity between 
enterotoxins has led to this difference. In this study, the 
specific antibody used has only detected enterotoxin 
type C. But, do Staphylococcus aureus enterotoxins such 
as enterotoxin C really play a role in the pathogenesis 
of rheumatoid arthritis? It is not clear. To answer to this 
question, further studies are needed. No report has been 
documented so far regarding the presence of staphylo-
coccal enterotoxins in the synovial fluid of patients with 
rheumatoid arthritis. This study is the first one which 
demonstrated proteins in the synovial fluid of patients 
with rheumatoid arthritis that react to antistaphylo-
coccal enterotoxins C antibody. One of the most impor-
tant evidence for this fact is PCR technique with specific 
primers, which can amplify 206 amplicon and its results 
were similar to positive control. In fact, this study has an-
swered to an important question. 

The main finding of this study was that, in addition to 
the presence of a protein with properties of staphylococ-
cal enterotoxin, there is a sequence of enterotoxin type 
C coding genes. It should be noted that enterotoxin type 
C of Staphylococcus aureus is one of the superantigenic 
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enterotoxins with three subtypes (C1, C2 and C3) (14). The 
result of sequencing indicated that the amplified gene 
in synovial fluid of patients with rheumatoid arthritis is 
enterotoxin C1 gene. Enterotoxin C subtypes have shown 
different biological effects. One of the most important bi-
ological effects of enterotoxin C subtypes of Staphylococ-
cus aureus is their progeny effects (15). Furthermore, the 
enterotoxins like enterotoxin type B stimulates produc-
tion of different cytokines by combining with MHC (ma-
jor histocompatibility complex) class II receptors and T 
cells stimulation (16). It also as a superantigen deeply af-
fects the immune system. The results of a survey showed 
that 70% of MRSA (Methicillin-resistant Staphylococcus 
aureus) strains isolated from patients’ blood were able to 
produce TSST-1 and enterotoxin C and the remaining 30% 
have produced other enterotoxins (17).

Despite treating staphylococcal infection, these pa-
tients were diagnosed with arthritis and eczema. These 
finding may confirm that superantigenic enterotoxins 
are involved in causing diseases. Furthermore, in pa-
tients with nasal polyps, the presence of IgE of antien-
terotoxins A and B of staphylococci has been shown (18). 
Although a comprehensive study in these fields is will de-
bate with available, the results of the existing researches 
indicate that superantigenic enterotoxins are effective 
in the pathogenesis of chronic inflammatory diseases. 
However, it has been shown that enterotoxin C has been 
isolated by different strains of Staphylococcus aureus, or 
their products such as milk and its by-products (19). Of 
course, detection of enterotoxin C in different samples 
is required, because food poisoning outbreak caused by 
staphylococcal enterotoxins has produced some con-
cerns and shown the lack of validation of some pasteuri-
zation systems (20). Moreover, toxigenicity of clinical 
strains of Staphylococcus aureus was investigated, and it 
was found that 61.3% of strains isolated from patients pro-
duced enterotoxin C (21).

The important result of the above-mentioned study is 
that some of the Staphylococcus aureus strains have pro-
duced more than one enterotoxin. A similar result was 
found in the present study. Furthermore, enterotoxin 
production has been reported from coagulase-negative 
strains isolated from livestock (22) or strains isolated 
from patients (23). However, designing systems for rapid 
detection of food contaminations or toxigenicity of iso-
lated bacterial strains have attracted scientists' atten-
tion. For example, in 2002, immunoassay system was in-
troduced for detection of enterotoxin C in food samples 
(24). Given the above-mentioned cases, in this study, a 
test with high sensitivity, high specificity and repeatabil-
ity was designed and used that included ELISA method 
as well as PCR molecular method for detection of staphy-
lococcal enterotoxin type C and 50 samples of synovial 
fluid of patients with rheumatoid arthritis were studied.

In this study, by using an enterotoxin C producing 
strain, PCR molecular method was first optimized for de-
tection of the gene coding of staphylococcal enterotoxin 

C. Then, the results obtained from PCR were compared 
with sandwich ELISA method. The results indicated that 
66% (33 cases) of samples contained entC gene and only 
46% (23 cases) have also enterotoxin C. The main finding 
was that the results of ELISA and PCR were the same and 
have shown only 22 positive cases (44% samples) for en-
terotoxin C. In addition, this method showed high sensi-
tivity and specificity for detection of enterotoxin C.

The strong points of this study are its findings that may 
partially explain the etiology of RA as well as change the 
methods of diagnosis and treatment of the RA disease. 
This is the first research that has shown the staphylococ-
cal entC gene in synovial fluid of RA patients. The weak 
points of this study relate to this fact the S. aureus strains 
can produce more than 20 types of enterotoxins (classi-
cal superantigen). Thus, involvement of them in rheuma-
toid arthritis pathogenesis made an important challenge 
for future studies. In this regard, further investigation on 
the other enterotoxins is necessary.
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