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Lyme disease, caused by spirochetes of the Borrelia burgdorferi sensu lato complex 

(hereafter referred to as Lyme borrelia), is the most common tick-borne infection in the 

northern hemisphere (1). The potential for the infection to cause arthritis led to its 

recognition as a clinical entity in 1975 (2), and since then, the number of reported cases has 

steadily increased in the United States and elsewhere. The Centers for Disease Control and 

Prevention (CDC) estimates the annual case incidence of Lyme disease in the United States 

is ~300,000, ten-fold more than the number reported by physicians. This review is intended 

to provide rheumatologists with a current understanding of North American Lyme disease, 

with emphasis on arthritis pathogenesis and expected outcomes from treatment.

Ticks, Borrelia Burgdorferi and Lyme Disease

Ticks within the Ixodidae family transmit Lyme borrelia and an enzootic cycle maintaining 

both ticks and spirochetes must be established for Lyme disease to occur in a particular 

geographic area (1). In the United States, the prevalence of Lyme borrelia-infected ticks and 

disease incidence are greatest in the Northeast, mid- and south-Atlantic regions, and upper 

Midwest, with 95% of cases reported from the following 13 states: Connecticut, Delaware, 

Maine, Maryland, Massachusetts, Minnesota, New Hampshire, New Jersey, New York, 

Pennsylvania, Vermont, Virginia and Wisconsin.

Different Lyme borrelia genospecies are found in endemic areas worldwide, among which 

B. burgdorferi sensu stricto (hereafter referred to as B. burgdorferi), B. garinii, and B. afzelii 

are the most clinically relevant (1). B. burgdorferi is the sole cause of Lyme disease in North 

America, whereas all three genospecies are associated with European Lyme disease. The 

prevalence of certain infectious complications reflects the species of Lyme borrelia in the 

region, with B. burgdorferi more commonly associated with arthritis, B. garinii with 

neurologic disease, and B. afzelii with the late skin manifestation acrodermatitis chronica 

atrophicans. The genetic heterogeneity of B. burgdorferi also contributes to disease 

expression as strains vary in their invasive potential (3, 4). Of the lineages detected in 

human infections, those found in skin are significantly more diverse than those identified in 
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blood, synovial fluid (SF) or cerebrospinal fluid (CSF), with a limited subgroup 

predominating in disseminated infections (3, 4).

Clinical Manifestations

Lyme disease presents in phases that reflect the immune response to the spirochete as it 

multiplies at the inoculation site, disseminates, and establishes foci of infection elsewhere in 

the skin and other tissues (5, 6). Clinical signs may resolve or overlap with new 

manifestations as the infection progresses. Most patients present at an early stage of 

infection, during the nymphal tick feeding period in late spring through early fall. The most 

common presenting sign is the skin lesion erythema migrans (EM), which appears at the tick 

bite site 1–2 weeks after the tick has fed (Figure 1A). EM usually begins as a homogeneous 

erythema that expands over time, occasionally developing a central clearing to form the 

classic bull’s eye lesion. A vesicular or necrotic center occurs in ~5% of cases. The skin 

lesion is relatively asymptomatic and may be overlooked; sometimes there is tingling, 

burning, pain or mild pruritis. Multiple EM lesions (Figure 1B) occur as a result of 

disseminated infection, not from multiple tick bites. Secondary lesions are often smaller and 

lack a central punctum (the residua of the tick bite).

Extracutaneous signs of disseminated B. burgdorferi infection most often involve the 

musculoskeletal, cardiovascular, and nervous systems. Musculoskeletal symptoms are a 

central feature of infection at all stages (Table I) (5, 6). Migratory arthralgias and myalgias 

accompanied by fever, headache and fatigue can be seen early after infection, with or 

without EM. Brief episodes of muscle, joint and/or periarticular pain, lasting hours to days, 

may ensue (7) and are often present in the setting of neurologic or cardiac disease (5). Frank 

arthritis (discussed below) is a late manifestation of infection.

Neurologic manifestations may appear weeks to a few months after a tick bite, most often as 

a seventh cranial nerve palsy, which may be bilateral (8). Meningitis and sensory and motor 

radiculoneuropathies (mononeuritis multiplex) may accompany a cranial nerve palsy or 

occur separately. Encephalomyelitis and axonal polyneuropathy are rare late manifestations. 

Early studies usually reported these late neurologic signs in patients who had other objective 

disease manifestations and were either untreated or received inadequate antibiotic therapy 

relative to current guidelines (8).

Lyme carditis as a presenting manifestation constitutes 1% of cases reported to the CDC. 

Patients may experience symptoms of shortness of breath, palpitations, lightheadedness and 

anxiety that result from varying degrees of atrioventricular nodal block; other manifestations 

of myopericarditis occur less frequently (5). Lyme carditis can progress to complete heart 

block and may be fatal; sudden death has been reported (9). Chronic myocarditis and 

cardiomyopathy, reported in Europe, are not recognized consequences of North American 

Lyme disease.

Arthritis is the most common late manifestation of Lyme disease and was documented in 

one study to occur in 60% of patients in whom infection was not treated at earlier stages, 

usually many months (average 6) after infection (7). Most patients present with an 

oligoarticular inflammatory arthritis affecting one or more large joints, especially the knee 
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(7) (Table II). Arthritis can be migratory, but involvement of more than 5 joints is unusual. 

Other signs may include bursitis or tendinitis and temporomandibular joint pain. Children 

often present more acutely than adults, with fever and higher peripheral blood and SF white 

blood cell counts, suggesting septic arthritis (10, 11). Alternatively, patients with Lyme 

arthritis may have no other symptoms of systemic infection and present with a large joint 

effusion with complaints of stiffness more than pain. Baker’s cysts can form and rupture. 

Without antibiotics, Lyme arthritis may wax and wane, with an episode of synovitis lasting 

weeks to months; episodes can decrease in frequency and resolve over time (7). A minority 

(<10%) of patients develop synovitis of a joint that persists despite multiple courses of 

antibiotics, an entity termed “antibiotic-refractory Lyme arthritis” (7). The genetics of both 

the host (12, 13) and the strain of B. burgdorferi causing the infection (14) appear to play a 

role in determining this outcome, which shares features with other forms of non-septic 

inflammatory arthritis (Table II).

Pathogenesis

Establishment of infection and dissemination

Onset of tick feeding initiates global changes in B. burgdorferi gene expression that are 

required for infection of the blood meal host (15). Although spirochetes expand greatly in 

numbers in the tick, few (estimated to be in the hundreds) ultimately make their way from 

the midgut to the salivary glands to pass with saliva into the dermis, a process that takes 

more than 24 hours. A period of continued host adaptation ensues in which spirochetes 

multiply and eventually disseminate from the skin bite site. With the exception of a recently 

identified protease in B. burgdorferi with aggrecanase activity (16), Lyme borrelia do not 

directly degrade extracellular matrix and instead rely on their motility and the expression of 

adhesins and proteins that bind host proteases to invade tissues (17). Spirochetes also induce 

the production of matrix metalloproteinases, which render tissues more permissive to 

pathogen invasion.

The strategies that Lyme borrelia employ for immune evasion are consistent with its 

genomic characterization as an extracellular pathogen for which antibody, complement and 

phagocytes are critical for host defense. During transmission, spirochetes bind a tick salivary 

protein to shield against host antibodies and complement. Lyme borrelia also express 

proteins that bind host factor H to further inhibit complement-mediated lysis (18). Antigenic 

variation of VlsE, an outer surface protein required for long-term survival of the pathogen in 

mammals, subverts specific antibody-mediated clearance of spirochetes (19). As infection 

progresses, Lyme borrelia may reduce surface lipoprotein expression to further impair 

immune clearance.

Immune response and clinical disease

Because the B. burgdorferi genome lacks identifiable virulence factors and toxins, the 

clinical signs of Lyme disease result from the immune response to infection (5, 20). On 

histopathologic analysis, most involved tissues exhibit a mononuclear-type inflammation 

without granuloma or giant cell formation (21). Lymphocytes with associated macrophages, 
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dendritic cells, and plasma cells are characteristically seen in all tissues except for SF, where 

polymorphonuclear leukocytes (PMNs) predominate.

Inflammation begins when dendritic cells and macrophages respond to Lyme borrelia via 

pattern recognition receptors. The main recognition pathway is the interaction of B. 

burgdorferi components with Toll-like receptors (TLRs) especially lipoproteins with TLR2; 

other receptors such as CD14, NOD-like receptors, and scavenger receptors are also 

engaged (20). TLR stimulation activates MAP kinases and NFκb, resulting in the production 

of proinflammatory cytokines, including IL-1β, TNFα, IL-6, and type I IFNs. Lyme borrelia 

and lipoproteins also potently induce the anti-inflammatory cytokine IL-10, which may be a 

survival strategy (22). The balance between proinflammatory and anti-inflammatory 

cytokines may determine the efficiency at which immune cells respond to infected sites and 

the clinical expression of disease.

B and T cell-recruiting chemokines are found in biopsies of skin and synovium and can be 

detected in blood, CSF and SF (5, 23). The particular chemokine pattern produced and 

resultant expansion of different B cell and Th cell subsets (Th1, Th2, Th17) is likely 

determined by host-specific factors, the infecting strain of Lyme borrelia, and the duration of 

infection. An early Th1 response that promotes phagocyte activation may be important for 

limiting Lyme borrelia burden (24). Predominant Th17 responses early may result in less 

efficient clearance of Lyme borrelia as PMNs (recruited by IL-17) ingest spirochetes 

inefficiently in the absence of specific antibody (25).

Th1 cells are the main T cell subset detected in the blood of patients with disseminated 

infection (26, 27). In CSF, B cells predominate with fewer CD4+ Th1 cells; despite elevated 

IL-17 levels, PMNs are rare (28). In contrast to CSF, PMNs abound in SF, where IL-17 and 

IFN-γ-producing Th17 and Th1 cells, CD8+ T cells and regulatory T cell subsets are also 

found (26, 27). Synovial biopsies show lymphocytic infiltrates comprised mainly of CD4+ T 

cells, often in lymphoid aggregates with B cells, some CD8+ T cells, and scattered 

macrophages, dendritic dells and plasma cells. Angiogenesis and an obliterative 

vasculopathy have been reported in synovial tissue (21).

Pathogenesis of Lyme arthritis

Unexplained clinical features of Lyme arthritis are the delayed onset after infection and the 

spontaneous remission of inflammation in one joint with recurrence in the same or a 

different joint. The association of antibiotic use with resolution of arthritis and elimination 

of recurrences suggests that viable organisms drive Lyme arthritis throughout much of its 

course, with the exception of antibiotic-refractory Lyme arthritis as discussed below.

In most cases, Lyme borrelia reach the joint via hematogenous dissemination, a phase only 

documented in early infection. The presumption is that the joint was infected long before the 

onset of swelling. The universal presence of high titer antibodies to multiple borrelia 

antigens at the time of presentation is consistent with a longer duration of infection. In 

chronically infected mice, B. burgdorferi have a predilection for collagen-rich tissues and 

have been visualized in small numbers in the highly vascular synovium as well as avascular 

tendons without associated inflammation (20). Where B. burgdorferi resides in the joint 
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prior to clinically apparent arthritis in humans and what enables its immune recognition to 

trigger inflammation after a period of quiescence is not known (29). The migratory 

periarticular pain preceding arthritis and the rare finding of spirochetes in the inflamed 

synovium during an episode raise questions as to whether the synovium per se is the primary 

site of B. burgdorferi persistence during the pre-arthritis phase. If synovial resident 

spirochetes trigger inflammation, they must be altered from their previous host-adapted state 

to become visible to the immune system (Figure 2). One theory is that spirochetes in 

protective niches such as tendons, ligaments or even the walls of arterioles in the joint 

initiate inflammation after transiently seeding the synovium, where they are bound by 

specific antibody or recognized as foreign by innate immune cells. Joint microtrauma may 

be one way in which B. burgdorferi in these sites become exposed to synovial cells. Immune 

clearance or further host adaptation of spirochetes may signal arthritis resolution. 

Spirochetes in select sites such as blood vessel walls or tendons may elicit host responses 

that have an effect on these tissues. Obliterative vasculopathy is a feature of Lyme arthritis, 

but whether the presence of B. burgdorferi in tendons influences tendon remodeling has not 

been explored. Enthesopathic changes and cartilage calcification have been noted 

occasionally on imaging studies of long-standing human Lyme arthritis (5), although MRI 

studies usually reveal inflammation primarily involving the synovium and occasionally 

adjacent muscles (30).

Prolonged joint inflammation results in the development of fibrinous exudates lining the 

synovium (21). This fibrinous material may sequester Lyme borrelia in the joint space. 

Rarely, B. burgdorferi has been observed in SF encased in a meshlike substance, giving rise 

to the “amber theory” of Lyme arthritis (31). This theory proposes that spirochetes or their 

remnants become enmeshed in a host-derived fibrinous matrix at some location within the 

joint. If the material dislodges into the joint space, it may degrade and release borrelia 

products that drive inflammation directly or via immune complex formation. Presumably 

viable organisms are present elsewhere in the joint to explain why antibiotics are usually 

effective in resolving inflammation. Persistence of encased dead spirochetes, however, could 

explain the occasional recurrence of arthritis in the same or different joint after what initially 

appeared to be successful antibiotic treatment.

Antibiotic-refractory Lyme arthritis

The rate of arthritis resolution after a course of antibiotics may depend on the extent of 

synovial pathology present, the clearance of inflammatory B. burgdorferi components, and 

regulation of the immune response. Analogies have been drawn between pathogenetic 

mechanisms of RA and antibiotic-refractory Lyme arthritis, stemming initially from the 

finding of an increased prevalence of the RA-associated alleles HLADRB1*0401, *0101 

and others in these patients; however, alleles not linked to RA such as DRB1*1501 have 

also been reported (12). Alterations in innate immunity may play a role, as a TLR1 

polymorphism that reduces expression of the TLR1/2 heterodimer critical for pathogen 

recognition is found in higher frequency in patients with refractory arthritis and 

paradoxically is associated with heightened inflammation (13). Autoreactive B and T cell 

responses can be detected in both antibiotic-responsive and antibiotic-refractory Lyme 

arthritis and may perpetuate inflammation if not regulated. CD25+FoxP3+ T cells and 
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invariant NKT cells from SF of antibiotic-refractory Lyme arthritis patients are less 

abundant in comparison to antibiotic-responsive Lyme arthritis, consistent with a deficiency 

in immune regulation (27, 32, 33). Antibodies to endothelial cell growth factor are more 

pronounced in patients with antibiotic-refractory Lyme arthritis and have been proposed as a 

biomarker for this form of arthritis (34). Although autoimmunity may underlie the 

pathogenesis of antibiotic-refractory Lyme arthritis, the dysregulated immune response 

affects only a limited number of joints (usually one) and is amenable to permanent 

regulation because synovectomy can resolve inflammation, as does treatment with 

intraarticular steroids and/or DMARDs (35, 36).

Diagnosis

Lyme disease should be suspected when patients with potential exposure to Lyme borrelia-

infected ticks present with an EM-like skin lesion or other clinical features suggestive of the 

infection (37). Empiric antibiotic therapy is indicated for EM as culture for Lyme borrelia is 

not routinely available and spirochetes are rarely seen on histopathology. The lesion, 

however, is not pathognomonic for Lyme disease. An EM-like lesion is seen in Southern 

Tick Associated Rash Illness (STARI) (38), which occurs after the bite of the lone star tick 

Amblyomma americanum (Figure 1C). This tick is found mainly in the south central and 

southeastern United States, but its geographic distribution extends up to coastal Maine. The 

etiology of STARI is unknown as is the role of antibiotic therapy for this condition.

In the absence of EM, laboratory testing should be performed to support a diagnosis of 

Lyme disease (39). Routine laboratory tests cannot distinguish Lyme disease from other 

entities. Except in the case of coinfection with other tick-borne pathogens, the complete 

blood count is generally normal. Although ESR and CRP levels may be significantly 

elevated, these tests usually only exhibit a modest elevation. Mild elevations of liver 

function tests may be present in early infection. SF cell counts range from 500–110,000 

white blood cells/mm3 (average ~25,000 with ~75% PMN); counts of 50,000 or more may 

be present in children presenting with a septic arthritis picture. In cases of meningitis, CSF 

reveals a lymphocytic pleocytosis with modestly elevated protein and normal glucose levels; 

similar findings can be seen in patients with seventh cranial nerve palsy in the absence of 

meningeal signs. Abnormalities found using imaging techniques such as MRI of the brain or 

the joint are not sufficiently distinctive to secure a diagnosis of Lyme disease without 

supporting laboratory tests.

Culture for Lyme borrelia is not routinely performed or available (39). Blood cultures are 

positive in approximately 50% of patients with EM in the United States, but the organism is 

rarely cultured from blood in the absence of EM or from the CSF or SF of patients with 

extracutaneous disease. A novel serum culture assay claiming to detect Lyme borrelia has 

not been validated and should not be used (40).

PCR testing for B. burgdorferi DNA is positive in up to 80% of SF specimens before 

treatment if multiple genes are targeted (41); the sensitivity of PCR for CSF specimens tends 

to be much lower (5% in one US study) (42). A new method for amplifying Lyme borrelia 

DNA that first enriches for borrelia DNA prior to multiplex PCR of target genes has been 
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reported (43). More data are needed on the sensitivity and specificity of the test. Positive 

PCR results are not necessarily indicative of active infection. B. burgdorferi DNA can be 

detected for extended periods in vitro after viable spirochetes have been killed with 

antibiotics, and PCR positivity of SF specimens months after antibiotics is not predictive of 

relapse or arthritis persistence (41).

Serologic assays remain the mainstay of Lyme disease diagnostic testing. A two-tier 

approach is recommended using an enzyme-linked immunosorbent assay (EIA), followed by 

separate IgM and IgG immunoblots if the EIA is positive or equivocal (39). The two-tier 

assay has low sensitivity in early infection, but is highly sensitive after 6–8 weeks of 

untreated infection. The C6 peptide EIA, based on an invariant region of the VlsE protein, is 

an alternative first-tier test that is more specific than whole sonicate antigen-based EIAs 

(44). Detection of intrathecal production of Lyme borrelia antibodies using paired serum and 

CSF samples can be helpful in diagnosing neuroborreliosis (39); CSF antibodies may rarely 

precede serum antibody. Antibody testing of SF is not recommended because of false 

positive results. Seronegative late Lyme disease, including seronegative Lyme arthritis, is 

not known to exist in patients capable of producing antibodies.

The ACR recommends against the routine screening for Lyme disease as a cause of 

musculoskeletal symptoms without an exposure history and appropriate physical 

examination findings (45). Polyclonal B cell activation and antibody cross-reactivity with 

other bacterial antigens are common causes of false positive results, particularly for the IgM 

EIA and immunoblot. False positive tests occur when the first tier EIA is omitted, when non 

evidence-based criteria are used to interpret the immunoblot, and when nonspecific weak 

bands are reported as positive. Serologic tests assess exposure history and are not indicated 

in routine follow-up because borrelia antibodies may persist for years in successfully treated 

patients.

Treatment and Expected Outcomes

The Infectious Diseases Society of America published guidelines for the diagnosis and 

treatment of Lyme disease and all recommendations were upheld after subsequent 

independent review (Table III) (37). Oral antibiotics (preferably doxycycline, amoxicillin or 

cefuroxime axetil) are first line therapies for patients who present with single or multiple 

EM, uncomplicated seventh nerve palsy, or arthritis. Intravenous therapy with ceftriaxone is 

the treatment of choice for neurologic abnormalities other than seventh nerve palsy, 

symptomatic cardiac involvement (or those with advanced heart block) or arthritis that does 

not improve with oral antibiotics. Oral doxycycline appears to be highly effective, however, 

for all of the early neurologic manifestations of Lyme disease based on studies conducted in 

Europe. In general, earlier manifestations of the illness respond more rapidly to antibiotics 

than later ones such as arthritis.

Patients with Lyme arthritis are initially treated with a four-week course of oral antibiotics. 

NSAIDS are often used to ameliorate symptoms during and after treatment. Incomplete 

resolution of arthritis at 4 weeks has been observed in about 40% of patients and an 

additional course of oral or intravenous antibiotics may be necessary (37). No controlled 
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trials are available to guide the decision as to whether further antibiotics should be 

prescribed versus anti-inflammatory medications, including intra-articular corticosteroids, to 

hasten arthritis resolution. Arthritis may be considered refractory to antibiotics if it persists 

for more than 2 months after a course of intravenous antibiotics or one month after two 4-

week courses of oral antibiotics (if parenteral therapy is not possible) and PCR of SF is 

negative for borrelia DNA (37). Antibiotic-refractory Lyme arthritis is not likely due to 

persistent infection because intraarticular steroids (36) and/or DMARD therapies 

(hydroxychloroquine, sulfasalazine, or methotrexate) and rarely TNFα antagonists have 

been used successfully without signs of recrudescent infection in the joint or elsewhere (35). 

Synovectomy can be curative if most of the synovial tissue is removed; excised synovial 

tissue has been uniformly negative for B. burgdorferi by PCR and culture (41).

Similar to other manifestations of disseminated disease, the outcome from early neurologic 

Lyme disease is generally favorable, although mild residual deficits can occur in a minority 

of patients (incompletely resolved facial palsy or mild motor or sensory deficits).

Symptoms after Lyme disease treatment

New or recurrent objective signs of Lyme disease appearing after antibiotics should prompt 

evaluation for reinfection or incomplete treatment. A recent study in which the causative 

strain of B. burgdorferi was cultured from EM lesions showed that recurrent EM after 

treatment was due to reinfection rather than a relapse of the prior treated infection (46).

About 25% of patients with EM resolve clinical disease but continue to experience fatigue, 

cognitive issues or joint and muscle aches at 3 months after treatment, falling to about 10% 

at 6 months. Post-treatment Lyme disease syndrome (PTLDS) refers to such symptoms that 

last for more than 6 months after a documented episode of Lyme disease and are disabling. 

The frequency with which PTLDS occurs is believed to be substantially less than 10%. 

PTLDS should not be confused with “chronic Lyme disease”. This name originally referred 

to late manifestations of the disease, but has been usurped as a label for clinical syndromes 

that may or may not be associated with previous Lyme borrelia exposure (47).

The reasons for persistent symptoms in some patients after treatment for Lyme disease are 

not known. Theories include residual damage to tissue, slow resolution of the inflammatory 

state, and/or a form of cytokine-induced sickness behavior due to previously high levels of 

circulating cytokines. Systemic inflammatory cytokines exert adverse effects on 

neurobehavioral function in other conditions, independent of a CNS infection (8). 

Nonspecific symptoms such as fatigue and pain are common in the general population as 

well. Because no test can prove absence of Lyme borrelia infection in humans, animal 

models have been used to examine antibiotic efficacy (reviewed in (48, 49)). Most 

investigations have had methodological concerns, including suboptimal antibiotic dosing 

and introduction of infection in ways that did not model the inoculum size and route by 

which humans usually become infected (i.e., from the bite of a single Ixodes species tick). 

Even so, antibiotic failures defined by the presence of cultivable spirochetes are rare and 

usually occur in the setting of immunodeficiency or inadequate antibiotic dosing. A recent 

study in mice employed two–photon intravital microscopy to examine the fate of B. 
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burgdorferi after antibiotics (50). Treatment rapidly eliminated viable spirochetes but B. 

burgdorferi inflammatory products (antigens and DNA) could be detected for extended 

periods adjacent to cartilage and in certain tissues such as the entheses. Viable spirochetes 

were not found, although xenodiagnosis performed by feeding uninfected ticks on the mice 

occasionally detected borrelia DNA. These results provide insight into the significance of 

borrelia DNA that can occasionally be detected in treated animals when spirochetes cannot 

be demonstrated by culture and in those instances in humans in which borrelia DNA may be 

detected after antibiotics for Lyme disease (41, 49, 51).

Four placebo-controlled trials of extended antibiotic therapy for PTLDS have been 

conducted (52). These showed either no durable benefit (n=3) or a benefit in fatigue only 

(n=1) with an unacceptable adverse event rate from parenteral therapy. Persistence of Lyme 

borrelia could not be demonstrated by culture or PCR. These trials form the basis of the 

recommendation to consider symptomatic treatment of PTLDS following guidelines for 

chronic fatigue syndrome or fibromyalgia.

Conclusion

Lyme disease is a relatively common tick-transmitted infection that is associated with a 

characteristic pattern of cutaneous, nervous system, cardiac and musculoskeletal 

manifestations. EM is the only sign for which a diagnosis can be considered on clinical 

grounds alone and in its absence, serologic tests should be used to support a diagnosis of 

Lyme disease. All of the objective clinical manifestations of the disorder occur as a 

consequence of the host inflammatory response to the pathogen. Our understanding of the 

pathogenetic events that account for inflammation and specific disease manifestations 

caused by Lyme borrelia are continuing to evolve, particularly in the area of Lyme arthritis 

pathogenesis and the persistence of symptoms after treatment.
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Figure 1. 
A and B, Erythema migrans presenting as a single lesion (A) (bar = 2 cm) and as multiple 

lesions (B). C, Skin lesion in southern tick–associated rash illness, with an appearance 

similar to that of erythema migrans. (Reproduced from http://www.cdc.gov/stari/

symptoms/.)
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Figure 2. 
Proposed model for the initiation of Lyme arthritis. Lyme borrelia introduced into the skin 

disseminate hematogenously and establish infection in the joint. Borrelia in highly vascular 

areas such as the synovium may host-adapt to elude immune recognition by synovial 

immune cells and specific antibodies; others may be partially protected against these 

defenses because of their location in tendons, ligaments, and arteriolar walls. Months later, 

microdamage may expose Lyme borrelia in these latter sites or synovial resident spirochetes 

may be altered to suddenly become “visible,” initiating acute inflammation through Toll-like 

receptors (TLRs) and immune complex formation. Borrelia-specific T and B cells home to 

the synovium, where they contribute to the inflammatory response; lymphoid follicles may 

form, and with protracted inflammation, fibrinous exudates appear. These exudates may 

sequester Lyme borrelia and their remnants, which could also trigger inflammation if later 

released. In some people, the inflammatory response may become dysregulated, leading to 

antibiotic-refractory Lyme arthritis. Autoimmunity triggered by infection may be 

perpetuated when normal mechanisms of immune regulation, such as those mediated by 

CD25+ Treg cells, γ/δ T cells, or natural killer T cells, are deficient. Arthritis resolution 

occurs once residual borrelia remnants are contained and the immune response is regulated. 

PMN = polymorphonuclear leukocyte; IFNγ = interferon- γ; FcR = Fc receptor; TNFα = 

tumor necrosis factor α.
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Table I

Common Musculoskeletal Manifestations of North American Lyme Disease1

Early Localized Infection Acute Disseminated Infection Late Stage Infection1

Onset after tick bite Days to one month Weeks to a few months Months

Systemic symptoms None or variable degrees of 
fever, headache

Fatigue, headache, malaise; 
Occasionally fever

None or fatigue, malaise 
Occasionally fever

Musculoskeletal signs/symptoms None or myalgia/arthralgia Migratory musculoskeletal pain in 
joints, bursa, tendons, muscles, 
lasting hours or days in a location

Oligoarticular arthritis, usually 
involving the knee, lasting weeks 
to months, with recurrence; other 
joints include shoulder, ankle, 
elbow, hip, wrist; 
temporomandibular joint pain, 
bursitis, and tendinitis may be 
present. Children may present with 
an acute arthritis resembling septic 
arthritis, but usually are able to 
bear weight on the affected joint. 
Inflammation that persists in a 
single joint for >12 months is an 
unusual presentation of Lyme 
arthritis

1
Rare late musculoskeletal manifestations relevant to the rheumatologist are clinically apparent myositis, including orbital myositis, and dactylitis; 

carpal tunnel syndrome has been described but would be unusual in the absence of a polyneuropathy or associated wrist arthritis.

Arthritis Rheumatol. Author manuscript; available in PMC 2015 September 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Bockenstedt and Wormser Page 16

T
ab

le
 II

C
om

pa
ri

so
n 

of
 L

ym
e 

A
rt

hr
iti

s 
w

ith
 O

th
er

 C
om

m
on

 I
nf

ec
tio

us
 a

nd
 A

ut
oi

m
m

un
e 

A
rt

hr
iti

di
es

1

L
ym

e 
A

rt
hr

it
is

N
on

-G
on

oc
oc

ca
l B

ac
te

ri
al

 A
rt

hr
it

is
2

G
on

oc
oc

ca
l A

rt
hr

it
is

R
ea

ct
iv

e 
A

rt
hr

it
is

O
lig

oa
rt

ic
ul

ar
 J

uv
en

ile
 

In
fl

am
m

at
or

y 
A

rt
hr

it
is

R
he

um
at

oi
d 

A
rt

hr
it

is

O
ns

et
In

te
rm

ed
ia

te
, 

m
on

th
s 

(a
ve

ra
ge

 6
 

m
on

th
s)

 a
ft

er
 E

M
A

cu
te

 (
da

ys
 –

 2
 w

ee
ks

)
A

cu
te

, w
ith

in
 1

 m
on

th
 

of
 in

iti
al

 in
fe

ct
io

n

A
cu

te
, 2

–4
 w

ee
ks

 
po

st
 in

iti
al

 G
I/

G
U

3 

in
fe

ct
io

n
In

si
di

ou
s

In
si

di
ou

s

A
rt

hr
iti

s 
Fe

at
ur

es

O
lig

oa
rt

ic
ul

ar
, 

es
pe

ci
al

ly
 k

ne
e;

 
m

ay
 b

e 
m

ig
ra

to
ry

 
(<

5 
jo

in
ts

) 
St

if
fn

es
s>

Pa
in

U
su

al
ly

 m
on

oa
rt

ic
ul

ar
, k

ne
e 

in
 a

du
lts

; 
hi

p 
in

 y
ou

ng
 c

hi
ld

re
n 

Pa
in

, r
ed

ne
ss

U
su

al
ly

 m
on

oa
rt

ic
ul

ar
, 

kn
ee

 P
ai

n,
 r

ed
ne

ss

O
lig

oa
rt

ic
ul

ar
, l

ow
er

 
lim

b,
 e

sp
ec

ia
lly

 k
ne

e 
Pa

in
, s

tif
fn

es
s

O
lig

oa
rt

ic
ul

ar
, L

ow
er

 li
m

b,
 

kn
ee

 S
tif

fn
es

s>
Pa

in

C
la

ss
ic

al
ly

 s
ym

m
et

ri
c,

 
po

ly
ar

tic
ul

ar
 P

ai
n,

 
st

if
fn

es
s

Sy
st

em
ic

 s
ig

ns
/

sy
m

pt
om

s 
at

 a
rt

hr
iti

s 
on

se
t

50
%

 w
ith

 
an

te
ce

de
nt

 
m

ig
ra

to
ry

 
ar

th
ra

lg
ia

; 
Fa

tig
ue

; 
oc

ca
si

on
al

ly
 f

ev
er

Fe
ve

r 
in

 6
0%

M
ig

ra
to

ry
 

po
ly

ar
th

ra
lg

ia
, o

ft
en

 
fe

ve
r,

 r
as

h,
 

te
no

sy
no

vi
tis

E
nt

he
si

tis
, E

xt
ra

-
ar

tic
ul

ar
 f

ea
tu

re
s 

(s
ki

n,
 G

I/
G

U
, e

ye
)

U
nu

su
al

Fa
tig

ue

E
SR

/C
R

P

U
su

al
ly

 m
od

es
t 

el
ev

at
io

n,
 b

ut
 

oc
ca

si
on

al
ly

 
no

rm
al

 o
r 

ve
ry

 
el

ev
at

ed

U
su

al
ly

 e
le

va
te

d
U

su
al

ly
 e

le
va

te
d

M
ar

ke
d 

el
ev

at
io

n 
in

 
ac

ut
e 

ph
as

e
U

su
al

ly
 e

le
va

te
d

U
su

al
ly

 e
le

va
te

d

Sy
no

vi
al

 f
lu

id
 c

el
l 

co
un

t (
w

hi
te

 b
lo

od
 

ce
lls

/m
m

3 )

50
0 

– 
>

10
0,

00
0 

(a
ve

ra
ge

 2
5,

00
0)

 
75

%
 P

M
N

s4
20

00
 –

 >
10

0,
00

0 
>

90
%

 P
M

N
s

15
,0

00
 –

 >
10

0,
00

0 
>

90
%

 P
M

N
s

20
00

 –
 6

4,
00

0 
va

ri
ab

le
 P

M
N

s
20

00
 –

 5
0,

00
0 

(a
ve

 2
0,

00
0)

 
60

%
 P

M
N

s
20

00
 –

 5
0,

00
0 

(a
ve

 
15

,0
00

) 
va

ri
ab

le
 P

M
N

s

Sy
no

vi
al

 f
lu

id
 c

ul
tu

re
N

eg
at

iv
e

Po
si

tiv
e 

in
 7

0–
90

%
Po

si
tiv

e 
in

 <
50

%
N

eg
at

iv
e

N
eg

at
iv

e
N

eg
at

iv
e

Sy
no

vi
al

 f
lu

id
 P

C
R

 f
or

 
ba

ct
er

ia
l D

N
A

Po
si

tiv
e

D
at

a 
no

t a
va

ila
bl

e
Po

si
tiv

e
N

eg
at

iv
e

N
eg

at
iv

e
N

eg
at

iv
e

H
L

A
 a

ss
oc

ia
tio

n

D
R

B
1*

04
01

, 
−

04
04

, 0
10

1,
 1

50
1 

in
 a

nt
ib

io
tic

-
re

fr
ac

to
ry

 f
or

m

N
on

e
N

on
e

H
L

A
-B

27
D

R
B

1*
08

01
 a

nd
 1

1,
 

D
R

B
1*

13
01

D
R

B
1*

04
01

, −
04

04
, 

−
04

05
, −

01
01

, a
nd

 
−

10
01

A
N

A
, R

F,
 A

C
PA

5
N

eg
at

iv
e 

or
 lo

w
 

tit
er

 A
N

A
, R

F
N

eg
at

iv
e

N
eg

at
iv

e
N

eg
at

iv
e

A
N

A
, o

cc
as

io
na

lly
 A

C
PA

R
F,

 A
C

PA

1 In
fo

rm
at

io
n 

co
m

pi
le

d 
fr

om
 K

el
le

y’
s 

T
ex

tb
oo

k 
of

 R
he

um
at

ol
og

y,
 9

th
 E

di
tio

n

2 D
at

a 
re

fe
r 

to
 a

rt
hr

iti
s 

ca
us

ed
 b

y 
St

ap
hy

lo
co

cc
us

 a
ur

eu
s 

an
d 

co
m

m
on

 S
tr

ep
to

co
cc

al
 s

pe
ci

es

3 G
I/

G
U

 =
 g

as
tr

oi
nt

es
tin

al
/g

en
ito

ur
in

ar
y

4 PM
N

 =
 p

ol
ym

or
ph

on
uc

le
ar

 le
uk

oc
yt

es

Arthritis Rheumatol. Author manuscript; available in PMC 2015 September 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Bockenstedt and Wormser Page 17
5 A

N
A

 =
 a

nt
i-

nu
cl

ea
r 

an
tib

od
ie

s;
 R

F 
=

 r
he

um
at

oi
d 

fa
ct

or
; A

C
PA

 =
 a

nt
i-

ci
tr

ul
lin

at
ed

 p
ro

te
in

 a
nt

ib
od

ie
s

Arthritis Rheumatol. Author manuscript; available in PMC 2015 September 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Bockenstedt and Wormser Page 18

Table III

Preferred Antimicrobial Therapies for Patients with Lyme Disease1,2

Manifestation Drug Adult Dosage Pediatric Dosage Duration (Range)

Early Disease
 Erythema migrans

Doxycycline3 100 mg po BID <8 years – not recommended 
≥8 years – 4 mg/kg/d in two 
divided doses (maximum 100 
mg/dose)

14 days (10–21 days)

Amoxicillin 500 mg po TID
50 mg/kg/day in three divided 
doses (maximum 500 mg/
dose)

14 days (14–21 days)

Cefuroxime axetil 500 mg po BID
30 mg/kg/day in two divided 
doses (maximum 500 mg/
dose)

14 days (14–21 days)

Early Neurologic Disease

 Cranial nerve palsy4 Same as for EM 14 days (14–21 days)

 Meningitis or radiculopathy5 Ceftriaxone 2 g IV qd
50–75 mg/kg IV qd in a 
single dose (maximum 2 g/
day)

14 days (10–28 days)

Cardiac Disease

Same as oral regimen 
for EM OR use IV 
regimen as for 
neurologic disease6

2 g IV qd
50–75 mg/kg IV qd in a 
single dose (maximum 2 g/
day)

14 days (14–21 days)

Late Disease

 Arthritis without neurologic Same as for EM 28 days (28 days)

 Recurrent arthritis after oral 
regimen Repeat oral regimen OR use IV regimen as for neurologic disease

28 days for oral 
regimens and 14–28 
days for IV regimens

 Central or Peripheral Nervous 
System Disease IV regimen as for early neurologic disease 14 days (14–28 days)

1
A complete list of recommended and alternate therapies can be found in reference 37.

2
Complete response to treatment may be delayed beyond the treatment period, regardless of the clinical manifestation, and relapse may recur. 

Patients with objective signs of relapse may need a second course of treatment.

3
Tetracyclines are relatively contraindicated in pregnant or lactating women and in children < 8 years of age.

4
Patients without clinical evidence of meningitis may be treated with an oral regimen. The recommendation is based on experience with seventh 

cranial nerve palsy. Whether oral therapy would be as effective for patients with other cranial neuropathies is unknown; the decision between oral 
and parenteral therapy should be individualized.

5
For non-pregnant adult patients intolerant of beta-lactam agents, doxycycline 200–400 mg/day orally (or IV if unable to take oral medications) in 

two divided doses may be adequate. For children ≥ 8 years of age, the dosage of doxycycline for this indication is 4–8 mg/kg/d in two divided 
doses (maximum daily dosage of 200–400 mg).

6
A parenteral antibiotic regimen is recommended at the start of therapy for patients who have been hospitalized for cardiac monitoring; an oral 

regimen may be substituted to complete a course of therapy or to treat outpatients. A temporary pacemaker may be required for patients with 
advanced heart block.
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