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Abstract
Background Mycobacterium avium subspecies Paratuberculosis (MAP) is a bacterium known to cause Johne’s disease 
in ruminants and has been implicated in several autoimmune diseases. This study aimed to investigate the potential 
association between MAP infection and Rheumatoid Arthritis (RA).

Methods A total of 119 patients with RA and 120 healthy controls (HCs) were enrolled in the study. The participants 
were outpatient attendees at a rheumatology specialist’s clinic, selected according to the 2010 ACR/EULAR 
Classification Criteria for RA. Their serum samples were analyzed for antibodies against two peptides, MAP_402718–32 
and IRF5424-434, using an indirect enzyme-linked immunosorbent assay (ELISA).

Results A significant difference was found in the levels of anti-MAP antibodies between RA patients and HCs. RA 
patients were more likely to have anti-MAP_402718–32 antibodies (44.5%) vs. 10.8% in HCs. Among RA patients, 
treatment group patients had more antibodies (51.6%) against MAP_402718–32 than no-treatment group patients 
(36.4%), but this difference was not statistically significant. The antigen IRF5424-434 showed the highest antibody 
seroreactivity, being present in a higher percentage of RA patients (60.5%) compared to HCs (8.3%). This difference 
was statistically significant. There was a moderate correlation between IRF5424-434 and its MAP_402718-32 homolog.

Conclusions The study findings suggest that anti-MAP antibodies are more prevalent in RA patients compared to 
healthy controls, potentially implicating MAP in the development of RA. The strong immunological response to the 
antigen IRF5424-434 warrants further investigation. Although the difference in antibody levels between previously 
diagnosed and newly diagnosed RA patients was not statistically significant, the overall higher prevalence of these 
antibodies in the RA cohort supports the hypothesis of MAP’s involvement.
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Introduction
Mycobacterium avium subsp. Paratuberculosis (MAP) 
a gram-positive bacterium with a lipid-rich cell wall, 
thrives intracellularly. Its resilience poses risks to live-
stock and animal husbandry [1–3]. Paratuberculosis, 
caused by MAP, has a worldwide distribution, with sig-
nificant regional variations in prevalence. A survey across 
48 countries revealed that over 20% of livestock herds 
were infected in about half of these regions [3]. In Europe, 
between-herd seroprevalence in cattle ranges from 38 to 
68%, while in North America, a 2007 study found MAP-
positive cows in 68.1% of dairy herds in major U.S. states 
[4]. In Asia, Indian studies reported MAP prevalence in 
bovines ranging from 23.1 to 29%, with higher rates in 
large ruminants [5]. Meanwhile, in Switzerland, approxi-
mately 60 bovine cases are diagnosed annually, though 
the true prevalence is likely underestimated due to lim-
ited diagnostic measures [4].

MAP can indeed be transmitted from animals to 
humans through various routes [6–8]. In humans, MAP 
has the potential to provoke autoimmune reactions 
through a mechanism known as molecular mimicry. In 
this process, MAP antigens closely resemble the body’s 
own tissue antigens, which may lead the immune system 
to mistakenly attack the body’s cells. This inappropriate 
immune response is facilitated by MAP’s ability to persist 
within the host’s macrophages, leading to altered antigen 
presentation and T-cell activation. The immune system’s 
failure to distinguish between MAP antigens and the 
body’s own antigens can result in chronic inflammation 
and autoimmune conditions. Examples of such diseases 
include Crohn’s disease (CD) [9], Hashimoto’s thyroiditis 
(HT) [10], type 1 diabetes (T1D) [11], sarcoidosis [12], 
multiple sclerosis (MS) [13], and rheumatoid arthritis 
(RA) [14]. RA is a chronic inflammatory autoimmune 
disorder that primarily affects the joints but can also 
involve other parts of the body, such as the skin, blood 
vessels, heart, lungs, and muscles [15]. The prevalence of 
RA varies globally, typically ranging between 0.3% and 
1% in the general population, with an annual incidence 
of approximately 40 new cases per 100,000 individuals 
[16]. The disease more commonly affects women, with a 
male to female ratio of about 1:3. RA can develop at any 
age, but it most frequently begins in individuals between 
the ages of 30 and 60 [17]. The etiology and pathogenesis 
of RA are indeed complex, involving a combination of 
genetic susceptibility and environmental factors. Known 
risk factors include smoking, which is the most signifi-
cant environmental risk, as well as other potential trig-
gers such as air pollution, occupational exposures, dietary 
factors, and microbial agents. Also, Genetic variations 
in genes like CARD15 and SLC11A1 influence an indi-
vidual’s immune response to MAP infection, potentially 
contributing to autoimmune diseases [18]. However, the 

exact cause of RA remains elusive, and it is the subject 
of ongoing research and debate [19]. As previously men-
tioned, MAP could be one of the potential environmental 
factors that trigger the onset of RA [20]. Upon trans-
mission to humans and colonization within the host, 
through various pathways, including the consumption of 
contaminated dairy products, exposure to infected live-
stock, and environmental sources such as water supplies 
[21].This parasitic organism may alter the host’s immune 
system through a process known as molecular mimicry. 
This involves the presentation of peptide sequences that 
resemble those of host cells, thereby blurring the dis-
tinction between self and non-self. In fact, it has been 
demonstrated that peptides derived from this bacterium 
can be cross-recognized by antibodies that target self-
epitopes [22]. Research has indeed shown that interferon 
regulatory factors (IRFs) are associated with autoimmu-
nity and play a crucial role in inflammation [23]. IRF5 is a 
transcription factor that plays a critical role in regulating 
inflammatory and immune responses [24]. Recent stud-
ies have highlighted that IRF5 is involved in both chronic 
and acute inflammation and is implicated in the develop-
ment of various autoimmune disorders, including RA, 
Inflammatory Bowel Disease (IBD), Systemic Lupus Ery-
thematosus (SLE), and Sjögren Syndrome (SS) [25, 26]. 
Polymorphisms in the IRF5 gene have been associated 
with an increased risk of developing autoimmune condi-
tions [27].

While the direct interaction between IRF5 and MAP is 
not extensively documented, the dysregulation of IRF5 in 
response to infections is known to potentially exacerbate 
autoimmune responses [28, 29].

In our previous study, we investigated the molecu-
lar detection of the IS900 gene of MAP in RA patients 
and HCs. The study revealed that MAP detection was 
significantly higher in RA patients (31.9%) compared 
to HCs (12.5%). A notable observation was the higher 
frequency of MAP detection in newly diagnosed RA 
patients who had not yet received medication. Addition-
ally, indirect ELISA tests identified antibodies against 
MAP3865c125 − 133 and ZnT8178 − 186 in RA patients, high-
lighting a potential link between MAP infection and RA 
pathogenesis [14].

Building on these findings, the current study extends 
our investigation to explore the immunological responses 
to MAP_402718–32 and IRF5424–434, peptides selected for 
their structural similarity and relevance to the molecular 
mimicry hypothesis. This targeted approach aims to fur-
ther elucidate the role of MAP in RA development.

A 2023 study by Asgari et al. examined MAP’s involve-
ment in MS, identifying significant correlations between 
MAP peptides and human autoantigens, particularly 
IRF5. This study underscored MAP’s potential as a trig-
ger for autoimmune responses due to cross-reactivity 
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mechanisms. These insights informed our choice of pep-
tides in the present study, emphasizing their relevance to 
autoimmune conditions like RA [13].

In light of these findings, we have investigated 
the humoral response to a peptide analogous to 
MAP_402718–32 and human interferon regulatory factor 5 
(IRF5424–434). The objective of this study is to examine the 
potential link between MAP infection and RA.

Materials and methods
Participant characteristics and ethical considerations
Peripheral blood was collected from 239 study partici-
pants, which included 119 RA patients (22 males and 
97 females with a median age of 50.30 years) and 120 
healthy controls (HCs) (18 males and 102 females with 
a median age of 50.28 years), were recruited from out-
patient attendees at a rheumatology specialist’s clinic 
in Gorgan, Iran. The recruitment period spanned from 
October 2021 to May 2022. The RA patients were divided 
into two categories: (1) no-treatment group patients who 
had not previously received medication for RA, and (2) 
treatment group patients who had been undergoing 

treatment with various RA medications, such as steroids, 
disease-modifying anti-rheumatic drugs (DMARDs), 
the anti-tumor necrosis factor-alpha medication adali-
mumab, and non-steroidal anti-inflammatory drugs 
(NSAIDs). Patient selection was based 2010 classifica-
tion criteria for rheumatoid arthritis to the collaborative 
effort of the American College of Rheumatology (ACR) 
and the European League Against Rheumatism (EULAR), 
as established by the American College of Rheumatol-
ogy, with outpatients being referred to a rheumatology 
specialist’s office [30]. The control group consisted of 120 
healthy individuals referred to diagnostic laboratories for 
non-autoimmune-related medical assessments. These 
individuals underwent rigorous evaluation to confirm the 
absence of autoimmune conditions, which included clini-
cal assessments and laboratory tests for markers such as 
rheumatoid factor (RF) and anti-cyclic citrullinated pep-
tide (anti-CCP) antibodies. While these controls were 
primarily selected as healthy, their referral to hospital 
labs was for reasons unrelated to autoimmunity, ensuring 
no confounding factors related to RA diagnosis. Informa-
tion about all participants is provided in Table 1.

The study’s ethical aspects were reviewed and endorsed 
by the ethics committee of Golestan University of Medi-
cal Sciences. It adheres to the ethical principles set forth 
in the Declaration of Helsinki (Ethics code: IR.GOUMS.
REC.1401.042).

Serum preparation
We collected whole blood using venipuncture needles 
and vacuum-sealed tubes. After collection, we allowed 
the blood to clot for approximately 20  min at room 
temperature. Next, we centrifuged the blood tube at 
1000–2000×g for 10 min in a refrigerated centrifuge. The 
resulting supernatant was divided into 1.5-microtube ali-
quots as serum, which we stored at − 20 °C for use in the 
indirect ELISA (Enzyme-Linked Immunosorbent Assay) 
test.

Peptide synthesis
The peptides, MAP_402718–32 (AVVPVLAYAAARL-LL) 
and IRF5424–434 (VVPV—AARL-LLE), both achieved a 
synthesis purity level exceeding 95% (Biomatik, Canada). 
They were solubilized in dimethyl sulfoxide (DMSO) at a 
concentration of 10 mM and stored at − 70 °C.

ELISA procedures

  • A 96-well flat-bottom plate (Jet Bio-Fill, China) was 
coated with peptides (MAP_402718–32 or IRF5424–434) 
at a concentration of 10 µg/ml. The coating was done 
in 0.05 M carbonate-bicarbonate buffer (pH 9.6) and 
incubated overnight at 4 °C.

Table 1 Demographic, clinical and laboratory characteristics of 
RA participants and HCs

Patient
(n = 119)

Control
(n = 120)

MAP-4027
Positive

Age (mean) 49.73 ± 14.25 50.85 ± 9.92
Sex Female 46 (86.8%) 13 (100%)

Male 7 (13.2%) 0
RF Positive 4 (78.8%) 0

Negative 11 (21.2%) 13 (100%)
anti-CCP Positive 34 (66.7%) 0

Negative 17 (33.3%) 13 (100%)
MAP-4027
Negative

Age 50.9 ± 14.14 50.21 ± 11.65
Sex Female 50 (78.1%) 89 (83.2%)

Male 14 (21.9%) 18 (16.8%)
RF Positive 37 (69.8%) 0

Negative 16 (30.2%) 107 (100%)
anti-CCP Positive 34 (66.7%) 0

Negative 17 (33.3%) 13 (100%)
IRF5
Positive

Age 50.32 ± 13.87 50.35 ± 11.55
Sex Female 59 (81.9%) 10 (100%)

Male 13 (18.1%) 0
RF Positive 27 (64.3%) 0

Negative 15 (35.7%) 110 (100%)
anti-CCP Positive 28 (68.3%) 0

Negative 13 (31.7%) 110 (100%)
IRF5
Negative

Age 50.27 ± 14.62 50.35 ± 11.55
Sex Female 38 (80.9%) 92 (83.6%)

Male 9 (19.1%) 18 (16.4%)
RF Positive 27 (64.3%) 0

Negative 15 (35.7%) 110 (100%)
anti-CCP Positive 28 (68.3%) 0

Negative 13 (31.1%) 110 (100%)
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  • The plate was washed with phosphate-buffered saline 
(PBS) containing 0.05% Tween 20 (PBS-T). Blocking 
solution (5% gelatin) was added to each well and 
incubated at 37 °C for 1 h.

  • After five washes, serum samples (diluted 1:100) 
were added to the wells and incubated at 37 °C for 
1 h.

  • Following five washes, rabbit anti-human IgG 
conjugated with horseradish peroxidase (HRP) 
(dilution 1:3500) was added.

  • After 45 min on a shaker at room temperature, the 
wells were washed five times.

  • A substrate solution (3,3’,5,5’-tetramethylbenzidine, 
TMB) was added, and the plates were incubated at 
room temperature for 15 min.

  • The reaction was stopped by adding 100 µL of 2 N 
H2SO4.

  • Absorbance was measured at a wavelength of 
450 nm using an ELISA plate reader.

In this test, the positive control consisted of the serum 
sample from a patient whose PCR and bacterial culture 
results from the blood sample were positive. The negative 
control, on the other hand, was rabbit blood serum.

Statical analysis
The statistical analysis was performed using SPSS soft-
ware (version 19.0) and GraphPad Prism (version 9.0). 
Relevant tests were used to compare variables between 
the two groups. Non-parametric data were analyzed 
using the Mann–Whitney test. Categorical data were 
expressed as percentages and frequencies, while numeri-
cal variables were presented as mean ± SD. A significance 
level of P < 0.05 was considered statistically significant. 
The positivity cutoff for peptides was set within the range 
of 0.55. The correlation between variables was assessed 
using Pearson’s correlation coefficient, which measures 
the linear relationship between two variables. The choice 
of Pearson’s method ensures that the results are based on 
continuous and normally distributed data.

Results
Our research revealed a notable disparity in the detection 
and mean levels of anti-MAP antibodies between RA 
patients and the HCs. Specifically, anti-MAP_402718–32 
antibodies were identified in 44.5% of RA patients (53 
out of 119), in stark contrast to just 10.8% of the HCs (13 
out of 120), marking a statistically significant difference 
(p < 0.0001).

In terms of serum, compared to the tested antigens, 
IRF5424 − 434 showed more prevalence of antibodies than 
other antigen. These were found in 60.5% of RA patients 
(69 of 119) compared to 8.3% of HCs (10 of 120), again 

showing a statistically significant difference (p < 0.0001) 
(Fig. 1).

Upon examining the subgroups of RA patients, we 
observed that treatment group patients exhibited a higher 
average presence of antibodies against MAP_402718−32 
(51.6%, 33 out of 64) compared to no-treatment group 
patients (36.4%, 20 out of 55); however, this difference 
was not statistically significant.

Additionally, antibodies against IRF5424 − 434 were 
detected more frequently in treatment group patients 
(70.3%, 45 out of 64) than in no-treatment group patients 
(49.1%, 27 out of 55), and this difference was statistically 
significant (p < 0.0001).

We noted a significant disparity in the heightened reac-
tivity to at least one of the assessed epitopes between 
subjects with RA and HCs, with 65.5% of RA subjects 
showing reactivity compared to 13.3% of HCs, a differ-
ence that was statistically significant (p < 0.0001).

Finally, our study found a moderate correla-
tion between the presence of IRF5424 − 434 and its 
MAP_402718−32 homolog (R2 = 0.4213) (Fig. 2). This sug-
gests that these two antigens may be linked in some way, 
which could have implications for understanding the role 
of MAP in RA.

Discussion
MAP is a significant pathogen, primarily responsible for 
causing diseases in livestock such as cows and sheep. It 
is also implicated in the development of human autoim-
mune diseases. MAP’s resilience is remarkable, with the 
ability to survive processes like pasteurization and chlo-
rination, thus posing a potential threat to public health.

Numerous studies have detected elevated antibody 
levels against several MAP proteins and corresponding 
human epitopes [13, 14, 22, 31–33]. This finding sup-
ports the theory that MAP infection might initiate and 
exacerbate diseases in genetically predisposed individuals 
through a mechanism known as molecular mimicry. This 
concept suggests that the immune system may confuse 
the body’s own proteins with foreign pathogens due to 
the structural similarity between certain microbial epit-
opes and self-proteins. Consequently, this can lead to an 
autoimmune response where the immune system mistak-
enly targets the host’s own proteins.

Our findings indicate that while some autoantibodies 
may be detectable prior to the onset of RA, their levels 
significantly increase with disease progression, suggest-
ing they play a dual role: as potential early biomarkers for 
disease risk and as amplifiers of inflammation during dis-
ease progression. This observation highlights a complex 
relationship between autoantibody production, disease 
course, and treatment effects, offering insights into the 
evolving pathophysiology of RA.
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Fig. 1 (See legend on next page.)
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Our study revealed that patients with RA pro-
duced a higher quantity of antibodies against the pep-
tides MAP_402718–32 and IRF5424–434 compared to the 
HCs group, with a statistically significant difference 
(p < 0.0001). In patients with previously diagnosed RA, 
the prevalence of antibodies against MAP_402718−32 and 
IRF5424 − 434 was higher compared to patients with newly 
diagnosed RA.

This finding supports the hypothesis that molecular 
mimicry may play a role in the pathogenesis of RA [34]. 
In the context of molecular mimicry, the immune sys-
tem recognizes both microbial antigens and self-antigens 
due to structural similarities. This cross-reaction may 
lead to autoimmunity, as the immune response inadver-
tently targets host tissues while fighting the pathogen 
[35]. Although molecular mimicry is intriguing, other 
factors contribute to the observed associations between 
MAP and RA [36]. Chronic MAP infection can trigger 
systemic inflammation, potentially exacerbating autoim-
mune responses [37]. Additionally, MAP may modulate 
immune responses, affecting the balance between proin-
flammatory and regulatory pathways [38]. Genetic pre-
dispositions and common environmental triggers could 
also play a role. It’s essential to consider that the associa-
tion may be coincidental, lacking a direct causal link [39].

In the context of RA, it is hypothesized that MAP 
infections could induce a specific humoral immune 
response targeting the host protein IRF5, a transcrip-
tion factor that is part of the interferon regulatory fac-
tor family [40]. IRF5 plays a crucial role in regulating the 
Type I interferon pathway and orchestrating the immune 
response to infections [41]. Antibodies are generated 
through the humoral immune response. In this case, the 
MAP component acts as the antigen, which is recognized 
and bound by antibodies, marking it for destruction by 
other components of the immune system [42, 43]. The 
potential for autoimmune attacks resulting in synovial 
tissue degradation due to cross-reactive antigens remains 
a hypothesis. Our study does not provide direct evidence 
for this mechanism, and further experimental research is 
necessary to investigate these possibilities [44].

In a comparative case-control study, evaluated the 
immune response to protein tyrosine phosphatase A 
(PtpA) and protein kinase G (PknG) in RA patients com-
pared to HCs [31]. The results showed significantly ele-
vated antibody levels to MAP proteins in RA patients’ 
sera, indicating prior exposure to MAP.

Our results show that antibody frequency is lower in 
newly diagnosed RA patients compared to those with 
longstanding RA. This has two implications: it may 

indicate that antibodies against MAP and IRF5 signal the 
onset of the disease in recent infections, and in estab-
lished RA cases, other factors may have been influential 
initially, with MAP presence possibly affecting symptom 
severity or disease progression—although our study did 
not investigate this. Longitudinal studies would be useful 
to establish causality and to examine genetic predisposi-
tions and other environmental factors beyond MAP.

This study acknowledges several limitations that 
may impact data interpretation. First, the sample size, 
although adequate, may not fully represent the diverse 
demographics affected by RA, potentially limiting the 
generalizability of the findings. Second, the cross-sec-
tional nature of the study precludes establishing a causal 
relationship between MAP infection and RA. Third, 
while this study uses serological evidence to demonstrate 
an association between exposure to MAP and RA, it does 
not consider other environmental or genetic factors that 
may play a role in disease pathogenesis. Furthermore, 
relying on the presence of antibodies as an indicator of 
MAP infection may not reflect the current infection sta-
tus or the direct role of MAP in the development of RA. 
Finally, the data presented are based on the detection of 
antibodies against specific MAP-related peptides, which 
may not capture the full spectrum of immune responses 
to MAP or its molecular mimicry mechanisms in RA 
patients. Despite these limitations, this study investi-
gated the potential association between MAP infection 
and RA, contributing to a broader understanding of the 
etiology of RA and the role of environmental factors in 
autoimmune diseases. In addition, the study does not 
consider other environmental or genetic factors that 
could influence RA pathogenesis. For instance, genetic 
predispositions such as specific HLA-DRB1 alleles have 
been strongly associated with RA [45]. Environmen-
tal factors like smoking, diet, and infections other than 
MAP could also play significant roles [46]. Smoking, for 
example, has been shown to increase the risk of RA, par-
ticularly in individuals with certain genetic backgrounds 
[47]. Additionally, other microbial agents and their inter-
actions with the host immune system could contribute to 
the development and progression of RA. Including these 
factors in future research could provide a more com-
prehensive understanding of RA pathogenesis and help 
identify additional targets for prevention and treatment.

In selecting MAP_402718–32 for this study, we priori-
tized its structural similarity to the human IRF5424–434 
peptide. This similarity enables a targeted investigation 
into the role of molecular mimicry in RA pathogenesis. 
Furthermore, previous findings demonstrated significant 

(See figure on previous page.)
Fig. 1 The ELISA-based analysis assessed the antibody reactivity to MAP_402718−32 and its homologue IRF5424 − 434 in subjects with RA and HCs. The dot-
ted lines denote the positivity thresholds determined by ROC analysis. The Mann–Whitney test was used for the p-values and Fisher’s exact test was used 
for calculating the percentages of positivity
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antibody seroreactivity to MAP_402718–32 in autoim-
mune disease cohorts, suggesting its importance in 
immune responses and its relevance for studying MAP-
associated mechanisms.

Although MAP_402718–32 and MAP3865c125–133 have 
both shown elevated antibody levels in RA patients 
compared to healthy controls, neither has been conclu-
sively established as immunodominant among all pos-
sible MAP peptides. Immunodominance is determined 
by the capacity of an epitope to elicit a robust immune 
response across diverse human populations, a question 
requiring broader epitope mapping and additional stud-
ies. Our findings highlight their relevance in the context 
of RA, but further research is necessary to confirm their 
immunodominance.

A limitation of this study is the lack of direct compari-
son of autoantibody responses to MAP_402718–32 and 
MAP3865c125–133 in individuals with confirmed MAP 
infection versus uninfected individuals. While the sig-
nificant antibody prevalence in RA patients relative to 

healthy controls suggests a MAP-related immune mech-
anism, future studies should include cohorts stratified 
by MAP infection status. This approach would enable a 
deeper understanding of the association between these 
peptides and autoimmune responses in MAP-infected 
individuals.

Conclusion
This study, along with prior research, indicates that 
MAP, an obligate intracellular bacterium responsible for 
Johne’s disease in ruminants, could predispose individu-
als to RA and has been linked to various human diseases. 
The transmission of MAP from ruminants to humans is 
a significant concern, emphasizing the need for preven-
tive measures. Vaccination of ruminants against MAP 
can decrease its prevalence in these animals, thus low-
ering human transmission risk. Additionally, avoiding 
traditional dairy products, which may contain MAP bac-
teria if not pasteurized, is advisable. Pasteurization effec-
tively eliminates MAP and other pathogens, ensuring 

Fig. 2 Scatter plot expressing correlation between MAP_402718–32 and IRF5424–434 derived peptides in RA and HCs groups
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safer dairy consumption. These findings highlight MAP’s 
potential role in RA development and the importance of 
preventing its transmission from ruminants to humans.
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