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Abstract: Rheumatoid arthritis (RA) increases the susceptibility to a variety of infections that are often difficult to diagnose and can
be asymptomatic or symptoms are atypical. Usually, this is a great challenge for rheumatologists, because it is difficult to distinguish
infection and aseptic inflammation at an early stage. Prompt diagnosis and treatment of bacterial infections in immunosuppressed
individuals is critical for clinicians, and early exclusion of infection allows for specific treatment of inflammatory diseases and avoids
the unnecessary use of antibiotics. However, for patients with clinically suspected infection, traditional laboratory markers are not
specific for bacterial infection and cannot be used to distinguish outbreaks from infections. Therefore, new infection markers that can
distinguish infection from underlying disease are urgently needed for clinical practice. Here, we review the novel biomarkers in RA
patients with infection. These biomarkers include presepsin, serology and haematology, as well as neutrophils, T cells, and natural
killer cells. Meanwhile, we discuss meaningful biomarkers that distinguish infection from inflammation and develop novel biomarkers
for clinical applications, allowing clinicians to make better decisions when diagnosing and treating RA.
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Introduction

Rheumatoid arthritis (RA) is a systemic immune-related disease caused by the interaction of genetic and environmental
factors and is characterized by chronic and progressive joint erosion." To date, infection remains a major problem in RA.?
Infections have long been one of the causes of death in RA patients.” Altered immune function in RA patients may lead
to frequent infections. RA-related immune dysfunction may be a direct factor leading to the increased risk of infection in
RA patients.” In addition, the inflammatory markers C-reactive protein (CRP), the erythrocyte sedimentation rate (ESR)
and white blood cell (WBC) counts are also elevated in the acute phase of RA. It is difficult to distinguish between
infection, inflammation and autoimmunity in patients with RA because infection and inflammation can appear very
similar. Moreover, it is critical to diagnose and treat bacterial infections in a timely fashion, but this can be a daunting
task.® Microbiological culture is frequently used as the gold standard for diagnosing bacterial infections, but it usually
takes 3—7 days to obtain the results, which is time-consuming and has a low positive result. Biomarkers can help doctors
consider appropriate diagnosis and treatment in combination with the patient’s symptoms.” The pathogenesis of RA
involves complex interactions between B cells, T cells, antigen-presenting cells, and endothelial cells. Cytokines are also
thought to play an important role in causing inflammation, joint destruction, and extra-articular manifestations associated
with RA.® If biomarkers of infection in RA patients can be identified early and applied to clinical guidance and treatment,
the abuse of antibiotics may be reduced, and long-term efficacy may be facilitated. Therefore, the role of biomarkers in
clinical diagnosis and decision-making is crucial. However, traditional biomarkers have low specificity and sensitivity in
diagnosing infection in patients with RA, and specific infection markers are urgently needed. In this review, we discuss

these future biomarkers and their potential clinical applications.
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Existing Biomarkers in RA with Infection
Procalcitonin (PCT) and CRP

PCT, which is the peptide precursor of the calcitonin hormone, is normally secreted by the C cells in the thyroid and has
been described as a useful and reliable marker of systemic bacterial infection in patients with autoimmune disease.’
Infection is the main factor that triggers PCT synthesis. When the body is infected with severe bacterial and fungal
infections, the level of PCT in serum starts increasing quickly. The more serious the bacterial infection, the higher the
level of PCT.'” However, these increases are not observed in viral infections. PCT production is stimulated by two
mechanisms, directly by lipopolysaccharides and bacterial endotoxins, and it can be activated by microbial toxins,
tumour necrosis factor (TNF)-a, interleukin (IL)-1, and IL-6."!

CRP is an acute-phase inflammatory protein and a member of the pentraxin protein family. CRP is a short pentraxin
that is mostly synthesized in the liver and can be detected in large amounts at sites of infection or inflammation.'> CRP
has multiple functions, such as activating complement through the classic pathway and regulating the function of
phagocytes.'> CRP is one of the most commonly used markers of infection worldwide and is routinely evaluated as
a marker of systemic inflammation in RA.'* CRP binds to immunoglobulin Fc y receptors (FcgRs) and promotes the
production of proinflammatory cytokines, leading to an inflammatory response.'> CRP specificity is low, and it is
preferably used in combination with another serum biomarker.

Both PCT and CRP can be used as biomarkers to distinguish inflammation from infection. A serum PCT level > 0.5
ng/mL strongly suggests bacterial infection in patients with RA, and immediate antibiotic therapy is recommended for
these patients who show any signs of infection. However, physicians should be aware that even a PCT level < 0.2 ng/mL
does not rule out the presence of bacterial infection.'®

IL-6
Serum IL-6 levels have moderate diagnostic value in critically ill patients suspected of infection and have potential
clinical application value in identifying infection. IL-6 is an important proinflammatory factor in the initial stage of
inflammation and induces a variety of cells to synthesize and secrete acute phase proteins. IL-6 promotes the production
and activation of neutrophils during infection, B-cell proliferation and differentiation, immunoglobulin production, and
T-cell proliferation and differentiation.'” IL-6 plays an important role in the early stages of inflammation and the
transition from acute to chronic inflammation. IL-6 is more sensitive and specific than PCT in detecting bacterial
infection. In addition, IL-6 and IL-10 have been reported to be biomarkers for systemic infection and sepsis.'® And IL-6
and IL-10 are better than PCT in identifying patients with septic shock during fever. Serum IL-6 levels have been
described as a potential biomarker that reflects disease activity in RA, and parvovirus B19 (B19V) infection can also
increase blood IL-6 concentrations. Serum IL-6 levels could reflect RA disease activity as a biomarker.'® Elevated IL-6
mRNA levels or elevated serum IL-6 levels can be detected during acute B19V infection, but no follow-up was found.
Plasma IL-6 concentrations were significantly increased in B19V-infected RA patients.® Normal IL-6 levels are low,
mononuclear macrophages are activated and the levels of IL-6 increase abnormally when different bacterial infections
occur.?! IL-6 has been considered as a marker for different types of severe bacterial infections (SBI), including early-
onset neonatal sepsis, febrile neutropenia, and septic shock bacteremia.*” Early elevation of IL-6 in the presence of SBI,
is an important advantage of this cytokine compared with other biomarkers.”® IL-6 plays a significant role in inducing
CRP and fibrinogen synthesis in the liver during bacterial infection.

Bacterially infected RA patients had significantly elevated levels of Th1/Th2 cytokines, especially IL-6, and IL-10.
The study found that the serum levels of IL-6 were significantly higher in patients of the infection group than those in
patients of the RA flare without infection group. IL-6 is more sensitive and specific than PCT in detecting bacterial

infection. IL-6 had independent predictive value to differentiate bacterial infection from RA inflammation."'®

TNF-a
TNF-a plays an important role in the pathophysiology of RA. The expression of serum TNF-o may enhance the
inflammatory activity of early RA.?* Therefore, RA patients must be screened for this cytokine to monitor disease activity,
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which may be useful in patients receiving anti-TNF therapy. TNF-a itself is a potent inducer of other proinflammatory
cytokines and chemokines, further enhancing the inflammatory response.** Disease activity can be monitored by measuring
rheumatoid factor (RF) and anti-cyclic citrullinated peptide (anti-CCP), which are diagnostic markers of RA. However, the
levels of these biomarkers lack specificity. There is a growing need to identify new biomarkers to monitor inflammatory
activity in RA, and cytokines have potential applications. TNF-a, a host inflammatory marker, is one of the most commonly
used biomarkers for assessing tuberculosis treatment response. Compared with traditional sputum microscopy and sputum
culture, they provide an advantage. Because these host inflammatory markers are usually acquired from plasma, serum, and/
or blood.”® We should further explore the treatment monitoring of tuberculosis through these biomarkers. When a large
number of pathogenic bacteria invade, TNF-a, IL-1b, IL-6 will be released excessively. These could be worsening the
severity of sepsis. TNF-a has been confirmed as key pro-inflammatory cytokines in sepsis.

In the RA flare group, the level of TNF-a in the high activity subgroup was much more higher than in the moderate
activity subgroup, which may be related to RA disease activity. TNF-a was also increased in the infection group
compared with those in the RA flare group, however, the difference did not reach statistical significance. Therefore, it
cannot specifically distinguish between inflammation and infection.'®

Krebs von den Lungen-6 (KL-6)

Interstitial lung disease (ILD) is a severe fibrotic disease of the lung parenchyma and one of the most common causes of death in
patients with RA. Serum KL-6 is a glycoprotein that is mainly present on type I pneumocytes and alveolar macrophages and is
frequently elevated in the serum of patients with interstitial pneumonia. In the past decade, KL-6 has been considered a sensitive
biomarker for the detection of connective tissue disease-associated interstitial lung disease (CTD-ILD).?” There is increasing
evidence that several circulating serological and alveolar biomarkers can reflect the pathological process from early alveolar
epithelial cell damage to advanced fibrosis. Mycobacterium avium complex (MAC) infection appears to increase serum KL-6
levels, after treatment of MAC infection, KL-6 levels decrease. It suggests that KL-6 increases due to active MAC infection, rather
than by a relapse of RA-ILD.?®

Therefore, existing biomarkers, such as PCT, CRP, IL-6, TNF-a, and KL-6, could recognize infection and inflamma-
tion in RA. Early identification of infection contributes to early intervention and better prognosis (Table 1).

Novel Biomarkers in RA with Infection

Presepsin

Presepsin is a protein that is particularly elevated in the blood of patients with sepsis. Presepsin is considered a diagnostic and
prognostic indicator to assess the severity of sepsis and has been identified as a biomarker for bacterial infections in recent
studies.*® Presepsin is the subtype of soluble CD14 (sCD14) and is linked to activation of the immune system. It is released into the
bloodstream by monocytes and macrophages to fight bacterial invasion.>’ CD14 belongs to the family of Toll-like receptors
(TLR), that can identify several Gram-positive and Gram-negative bacterial ligands.>* The bacterial lipopolysaccharide (LPS),
requires the association of the lipoprotein binding protein (LBP). The binding between CD14 and LPS-LBP complex leads to the
release of cytokines, such as TNF-q, interferon (IFN)-y, IL-1p, IL-6, and IL-8.**> Serum sCD14 levels are also elevated under
inflammatory conditions in RA patients.

Table | Characteristics of Existing Diagnostic Biomarkers in RA with Infection

Disease Biomarker | Pattern of Patient Number of AUC Sensitivity Specificity
Change Group Patients (95% CI) (95% CI) (95% CI)
Sato 2012'¢ Infection vs RA PCT Up RA 118 NA 0.26 0.98
Sato 2012'¢ Infection vs RA CRP Up RA 118 NA 0.97 0.05
Tsujimoto 2018%° | Infection vs RA PCT Up RA 126 0.92 0.98 0.54
Qin 2020'® Infection vs RA IL-6 Up RA 168 0.62 (0.55-0.70) 0.39 (0.28-0.51) 0.83 (0.73-0.90)
Qin 2020'® Infection vs RA TNF-q Up RA 168 NA NA NA
Waseda 20162 Infection vs RA KL-6 Up RA | NA NA NA

Abbreviations: AUC, area under the curve; Cl, confidence interval; CRP, C-reactive protein; IL-6, interleukin-6; KL-6, Krebs von den Lungen-6; NA, not available; PCT,
procalcitonin; TNF-a, tumour necrosis factor-a.
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Presepsin concentrations have been used to monitor clinical response to treatment. Classifying patients with RA into
infected group and noninfected group, the study found that plasma concentrations of presepsin in the infected group were
significantly higher than in the noninfected group. Presepsin can be used to distinguish disease activity from infection in
patients with RA, even if patients have high RA disease activity. Additionally, PCT and presepsin levels appear to have
greater sensitivity in diagnosing bacterial infections than CRP levels or WBC counts. In severe infections, presepsin may
be a better indicator of the severity of infection than PCT.*

Serum Amyloid A (SAA) and S100
SAA and S100 (S100A8, SI00A9 and S100A12) proteins have previously been highlighted as potential biomarkers of
interest in RA. The SAA family consists of 4 subtypes, 2 of which (SAA1 and SAA2) are associated with the acute
phase of inflammation. SAA concentrations in RA patients are higher than those in healthy individuals. The level of
SAA in synovial fluid was significantly higher than that in the corresponding serum, suggesting local production in the
joint.** SAAI interacts with Mycobacterium tuberculosis (Mtb), causing up-or down-regulation of Mtb transcriptional
response. During infection, Mtb-SAA1 binding can modulate the functional response of the pathogen. Mtb-SAA1
stimulates the infection of host macrophages by Mtb. SAA1 can also bind concentration-dependently to different
Gram-negative bacteria such as Escherichia coli, Pseudomonas aeruginosa, Salmonella typhimurium, Vibrio cholerae,
Shigella flexneri, and Klebsiella pneumoniae.*> Compared to studies of disease candidate genes, studies of biomarkers
have been more successful in identifying and explaining changes in pharmacological responses.>®

SAA and S100 are other biomarkers for the diagnosis and monitoring of recurrence of non-infectious febrile disease. SAA
plays a pro-inflammatory role in RA and can induce the release of other pro-inflammatory cytokines. Elevated levels of SAA are

significantly associated with the degree of RA disease activity. Inflammation and infection cannot be distinguished well.*’

Hematologic Abnormalities

Haematologic abnormalities in patients with RA are associated with increased risks of infection, anaemia and lymphopenia, but
neutropenia does not increase the risk of common infections in individuals with RA.*® In recent years, the neutrophil to
lymphocyte ratio (NLR) has been used as a useful parameter for monitoring disease activity or as a surrogate marker of infection
in systemic inflammatory diseases and is recognized as a sensitive inflammatory marker. The NLR and post-NLR/pre-NLR ratios
were significantly increased in RA patients who received tocilizumab (TCZ) and developed a bacterial infection, indicating that
the post-NLR/pre-NLR ratio may serve as a surrogate predictor of bacterial infection.** NLR has significantly increased during
infection.** Compared with traditional inflammatory markers, the NLR may be a less expensive and effective marker of
inflammation in RA. Its efficacy is comparable to that of CRP, and it is not affected by cytokines that affect CRP and ESR.*!

Neutrophil CDé4

Neutrophil CD64 is a high affinity receptor for the Fc portion of IgG. Neutrophil CD64 is a member of the immunoglobulin
superfamily and is mainly present on the surface of antigen-presenting cells, such as monocytes, macrophages and dendritic cells.
During infection or when there is a large amount of bacterial endotoxin, neutrophils are exposed to factors such as LPS,
complement molecules, IL-8, IL-12, IFN-y, TNF-q, and granulocyte colony stimulating factor. These molecules stimulate the
expression of CD64 and keep it stable over time.** The upregulation of neutrophil CD64 is a useful diagnostic marker of infection.
Systemic infection and the flare of autoimmune diseases can be distinguished by quantitative measurement of CD64 expression on
neutrophils. Quantitative measurements of CD64 can be more easily and rapidly, compared to microbial culture or specimen
polymerase chain reaction detection.*> When bacterial infection occurs, neutrophil CD64 can be up-regulated by pro-
inflammatory cytokines such as bacterial cell wall lipopolysaccharide, granulocyte-colony stimulating factor, IL-12, and IFN-y
within 4-6 hours.** Quantitative detection of neutrophil CD64 is effective for detecting different types of infections in RA and can
distinguish infection from autoinflammation.** In recent years, an increasing number of studies on neutrophil CD64 expression
have been reported with high sensitivity and specificity, which can be used as a useful early biomarker for the detection of infection
and sepsis and can be used as an early indicator to distinguish infected from noninfected patients.*® Although serum CD64 has
been shown to have good sensitivity for the diagnosis of systemic infection, the diagnostic value of serum CD64 for local joint
infection is limited.*” Systemic infection and the flare of autoimmune diseases can be distinguished by quantitative measurement
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of CD64 expression on neutrophils. With the simplification and expanded availability of flow cytometry, the neutrophil CD64
index assay may be a useful tool in the clinic.*®

In RA patients with infection, CD64 expression is significantly associated with CRP. On the other hand, in RA patients without
infection, CD64 expression did not increase even though CRP was elevated due to the high disease activity of RA. Therefore,
these results suggest that CD64 expression is not affected by the disease activity of RA. Neutrophils CD64 can distinguish

between infection and inflammation. Using CD64 as a marker will allow us to start using effective antibiotics early.*>*’

CD4"CD28 T Cells

RA is a systemic autoimmune disease in which CD28™!' CD4 T cells were first described and extensively studied. The
presence of CD28™" CD4 T cells positively correlated with the degree of extra-articular manifestations, suggesting that
these cells mediate some systemic effects of RA, and CD28™!" and CD4 T cells are closely related to cytomegalovirus
(CMV) infection.’® Over the years, CD4"CD28" T cells have been shown to be associated with various inflammatory
conditions, and CD4"CD28™ T cells are associated with increased infection and mortality. Furthermore, CD4"CD28~
T cells are significantly increased in RA and other autoimmune diseases. Interestingly, the expansion of this subset by
more than 1-2% occurred only in CMV-infected individuals. CMV infection alone is known to increase the severity of
autoimmune disease, especially RA, and is also associated with increased vascular pathology.”'

CD8I1 T Cells

CD81 T cells in CMV-positive RA patients, which exhibit proinflammatory, cytolytic and antiviral features, are
functionally suppressed due to the upregulated expression of leukocyte immunoglobulin-like receptor 1 (LIR-1).
Increased LIR-1 expression on CD81 T cells may represent a CMV-induced chronic infection phenotype and is
associated with latent CMV infection in healthy individuals.”> Compared with controls, CD19+ lymphocytes had
significantly increased CD81 expression associated with human immunodeficiency virus (HIV) or hepatitis C virus
(HCV) infection. CD81 upregulation increases the risk of HCV infection, especially in HIV-infected individuals.
Furthermore, cytokines released by activated lymphocytes at sites of inflammation may play a role in upregulating
CDS81 expression.”

The absolute number of CD19+ B cells and CD4" T cells in the infection group was significantly lower than in patients with the
RA flare group. It suggests that a reduced number of CD19+ B cells and CD4" T cells may make RA patients more susceptible to

bacterial infections.'®

Natural Killer (NK) Cells
Growing evidence indicates the importance of NK cells, which are lymphocytes of the innate immune system, in
autoimmune disease. The best-known role of NK cells is to eliminate virally infected and transformed cells by secreting
proinflammatory cytokines. NK cells are present in the synovial fluid of RA patients and are thought to play an important
role in bone destruction. Identifying these markers will identify patients with the potential to develop severe disease with
irreversible structural damage and allow for appropriate treatment.>*

Compared with healthy volunteers, RA patients have a higher percentage of NK cells in peripheral blood. The
expression of NK cells could be used as a marker of RA severity. Therefore, elevated NK cells in RA patients may favour
inflammation rather than infection.>”

Soluble Markers of Antibody-Secreting Cells (ASCs) Functions

Antibodies against infection are produced by ASCs, including plasma cells.’® Abnormal autoantibodies and immunoglobulins
suggest B cell and ASC dysfunction. In RA, ASC deficiency may play dual roles in pathogenic autoantibody production and
defective responses to infection. Soluble factors associated with B cell and ASC activity are decreased in RA patients, which may
be associated with altered antibody production and increase risk of infection.”’
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Table 2 Characteristics of Novel Diagnostic Biomarkers in RA with Infection

Disease Biomarker Pattern of Patient Number of [ AUC (95% CI) Sensitivity Specificity
Change Group Patients (95% CI) (95% CI)
Tsujimoto 2018%° Infection vs RA presepsin Up RA 126 0.91 0.73 0.89
Nys 2019 RA SAA Up RA 46 NA NA NA
Nagai 2020*° Infection vs RA NLR Up RA 196 0.89 NA NA
Nishino 2010%° Infection vs RA neutrophil CDé4 Up RA 6l 0.85 (0.70-1.00) 0.76 0.94
Qin 2020'® Infection vs RA CD4" T cells Down RA 168 0.62 (0.54-0.69) 0.51 (0.39-0.62) 0.73 (0.63-0.82)
Lin 2020° RA NK cells Up RA 32 NA NA NA
Sakamoto 2019°® Infection vs RA slL-2R Up RA 20 0.92 0.92 0.79

Abbreviations: AUC, area under the curve; Cl, confidence interval; NA, not available; NK cells, natural killer cells; NLR, neutrophil to lymphocyte ratio; SAA, serum
amyloid A; sIL-2R, soluble interleukin-2 receptor.

Soluble Interleukin-2 Receptor (slL-2R)
sIL-2R is a marker of T cell activation, and serum sIL-2R levels are elevated in patients with RA and Pneumocystis
Jjirovecii pneumonia (PJP). Serum sIL-2R can be used as a biomarker for the diagnosis of PJP in RA patients treated with
methotrexate.”®

In general, novel biomarkers, such as presepsin, SAA, haematologic abnormalities, neutrophil CD64, CD4™ T cells,
CDS81 T cells, NK cells and sIL-2R, could better distinguish systemic infection and inflammation in RA patients. We
summarized the characteristics of the novel biomarkers to help early recognition and intervention of infection to improve
better prognosis (Table 2).

Conclusion

In this review, we summarized future biomarkers, including presepsin, serology and haematology, as well as neutrophils,
T cells, and NK cells, which could help us to differentiate between infection and inflammation. It is worth emphasizing
that various serious infections are major causes of death in patients with RA. These novel biomarkers have good
sensitivity and specificity in differentiating patients with acute autoimmune disease and patients with systemic bacterial
infections compared with traditional markers. It can help clinicians identify the different stages of the disease and achieve
early intervention. Only through early detection of infection and proper treatment can a better prognosis be achieved.
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