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LYME BORRELIOSIS OVERVIEW FOR PHYSICIANS

What is Lyme Disease?

Lyme disease, or Lyme Borreliosis, is a potentially serious bacterial infection that is often
associated with debilitating rheumatologic and neurological manifestations and frequently
compounded by simultaneous co-infections with other tick-borne diseases [1][2].Lyme
Borreliosis is caused by the bacterium Borrelia burgdorferi sensu lato, which is a grouping of
complex, higher order spirochetal diderms constituted by multiple genospecies from the family
Spirochaetaceae; the same family that contains the sexually transmitted disease, syphilis [3].
Since its clinical discovery in 1977 and subsequent identification in 1982 by Wilhelm Burgdorfer,
this disease has since risen to the highest ranks of notifiable diseases standing to be the third
most notifiable disease in the United States — third only to the sexually transmitted diseases
chlamydia and gonorrhea — with an estimated 476,000 individuals impacted every year
[4][5][6][7].

Lyme Borreliosis is one of the most common vector-borne diseases in the Northern
Hemisphere.

Borrelia burgdorferi sensu lato has been regarded as one of the most complex microorganisms
on the planet [8]. Borrelia is able to evade the immune system using pleomorphic [9][10] motile
[11], and antigen shifting tactics [12][13] that allow it to act as a stealth pathogen avoiding
complement proteins [14] and prohibiting the formation of antibodies [15]. Furthermore,
members of the Borrelia genus also have immunomodulatory mechanisms that suppress
immune processes allowing for unfettered, proliferative environments, which allow for other
infections and tick-borne co-infections to exploit susceptible hosts [16][17]. Prolonged,
untreated exposure in this environment may allow for the dissemination and proliferation of
bacterium in various tissues, leading to more complex musculoskeletal, rheumatic and
neurological manifestations [18].

What are Co-infections?

Lyme Borreliosis is often expressed as a stand-alone pathogen and agent of infection however, it
is veritably associated, and frequently compounded by the presence of one or more tick-borne
infections [19]. These simultaneous co-infections often have implications in the clinical
diagnosis, presentation of symptoms, and progression/severity of illness. A list of frequently
associated tick-borne pathogens are below:



e Bartonella

® Babesia

e Ehrlichia

e Mycoplasma

® Anaplasma

® Powassan Virus

While each listed tick-borne disease is capable of serious complicated infections and illnesses,
some may act in concert with other simultaneously transmitted, and/or subsequently
transmitted pathogens from a single or multiple tick bites, respectively. This complex may
present a wide-range of clinical manifestations both specific to the type of infection and also
unique to the association and pathogenesis of simultaneous tick-borne diseases, thus implying
the development of a more profound immunosuppressive effects and widespread tissue
involvement [20][21][22].

What are the signs and symptoms?

Due to the complex nature of the illness and frequent association with a number of
co-infections, the signs and symptoms of Lyme Borreliosis Complex may vary case to case.
Human genetic and immunologic factors also tend to play a role in susceptibility and clinical
expression of Lyme Borreliosis Complex leading to variability in symptoms and symptom
progression [23][24][25].

Early cases of Lyme disease are generally non-specific, with the exception of the presentation of
a hallmark erythema migrans rash in some cases. These early infections are generally hard to
catch and often too insensitive to pass two-tier testing diagnostic criteria.

In the earliest of recognized cases, some clinical features exhibited are, but not limited to:
arthralgia, chills, joint swelling, erythema migrans, fever, fatigue, headaches, dizziness, swollen
lymph nodes, stiffness, and diarrhea. If these symptoms persist and/or remain untreated it can
lead to chronic, relapsing or otherwise unexplained clinical expressions.

Chronic or persistent cases may experience a vast array of clinical manifestations that are
dependent on a number of factors such as individual susceptibility, duration of illness, and
compounding co-infections. Chronic infection with Borrelia burgdorferi is immunosuppressive in
animal models and is intensified with the addition of associated tick-borne diseases. These
chronic or persistent manifestations may lead to severely debilitating conditions which diminish
quality of life physically, mentally, and socially [26]. Many chronic conditions are often labeled
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idiopathic and are treated without acknowledgement or suspicion for bacterial infection in
these cases [27][28].

In chronic or persistent cases, some clinical features exhibited are, but not limited to: Chronic
early-stage symptoms, facial (Bell’s) palsy, tinnitus, encephalopathy, hyperacusis, acrodermatitis
chronica atrophicans (ACA), photophobia, meningoradiculitis, fibromyalgia, cognitive
dysfunction, tremor, depression/anxiety, vertigo, neck stiffness, peripheral neuropathy, etc.

Understanding the Diagnosis of Lyme Borreliosis

Lyme Borreliosis is a clinical diagnosis. Decisions to diagnose and treat individuals for Lyme
Borreliosis are left to the judgment of the physician based on both diagnostic tools, empirical
evidence provided by the patient, and exposure risks.

Evidence-based, peer-reviewed guidelines have been established by both the Infectious Disease
Society of America (IDSA) [29] and the International Lyme and Associated Disease Society
(ILADS) [30] in an attempt to shape the definition of Lyme disease, its diagnosis and also its
clinical treatment. These guidelines serve as a supplemental resource to help practitioners
identify common features and principle manifestations as an aid towards both diagnosis and
treatment.

Guidelines by the International Lyme and Associated Disease Society

The guidelines developed by the International Lyme and Associated Disease Society designated
in the National Guideline Clearinghouse do not make recommendations on the diagnosis of
Lyme Borreliosis. These guidelines focus primarily on the treatment of individuals with Lyme
disease and refers to the condition as a clinical diagnosis that is best left to the judgment of the
clinician:

“The state of the evidence in the diagnosis and treatment of Lyme disease is limited, conflicting
and evolving. Accordingly, the recommendations in these guidelines reflect an evidence-based,
patient-centered approach that many clinicians will find helpful; they are not intended to be
viewed as a mandate or as a legal standard of care. Guidelines are not a substitute for clinical
judgment. The International Lyme and Associated Diseases Society encourages clinicians to
consider the specific details of an individual patient’s situation when determining an appropriate
treatment plan.” [31]

Early Lyme Borreliosis begins 3-30 days after a tick bite and is typically identified by an
erythema migrans (EM) rash. Although, EM’s are commonly noted as appearing like a typical
“bull’s eye,” it has been noted that less than 20% of patients have EM’s that look typical. And,
many infected patients do not have EM rashes at all [32]. Flu-like symptoms such as fever,
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fatigue, headache, myalgias, arthralgias and neck stiffness may accompany an EM or be the only
evidence of early Lyme disease. [33][34]

Late Lyme Borreliosis develops weeks to years later and is the result of disseminated infection
and possibly co-infections. Although Lyme Disease symptoms overlap with symptoms of other
conditions such as fibromyalgia, chronic fatigue syndrome, MS, early ALS, RA, lupus and
neuro/psychiatric disorders, patients with Lyme Disease often have symptom patterns which are
atypical for these other illnesses.

Guidelines by the Infectious Disease Society of America

The diagnostic criteria of Lyme Borreliosis relies heavily on three primary principles:
1. History of Exposure to Tick Attachment(s)
2. The presentation of Erythema Migrans rash

3. Positive Serological Testing via the accepted two-tiered approach: ELISA and Western
Blot.

Cases that satisfy all of the above criteria represent a rather narrow diagnostic definition of
Lyme Borreliosis. Using these principles as the sole determining factors in a Lyme Borreliosis
diagnosis will likely result in the exclusion of cases which are Lyme Borreliosis infections, and
could have positive outcomes, if treated promptly and completely.

History of Exposure to Tick Attachment(s)

Providers and/or trained medical professionals identify previous history or exposure to bites
and attachment by tick(s). However, many patients report never having been bitten by a tick,
possibly due to the small size of the arthropod, the painless bite, and/or attachment in hard to
reach or see places. It is of note that other modes of transmittance are being explored.

The presentation of an Erythema Migrans rash

A hallmark presentation unique to borrelial agents that is occasionally seen in early cases of
Lyme Borreliosis [35]. This presentation relies on the immunological response of the individual
to recognize the pathogen which leads to a dermatological, inflammatory rash often denoted as
a ‘Bull’s Eye Rash’. It is of note that not all dermatological responses result in a distinct bull’s eye
or arash at all [36][37]. The presentation of this distinct dermatological manifestation has been
argued to occur in as low as 25% of cases [38], to as high as 80% of cases [39]. Chronic and/or
persistent cases may develop a more serious form of rash called Acrodermatitis chronica
atrophicans (ACA) [40].

Page 4



Positive Serological Testing via the accepted two-tiered approach: ELISA and Western Blot

As per recommendation by The Association of State and Territorial Public Health Laboratory
Directors, Centers for Disease Control, the Food and Drug Administration, the National Institutes
of Health, the Council of State and Territorial Epidemiologists, and the National Committee for
Clinical Laboratory Standards, a two-tier testing approach is the staple diagnostic tool for clinical
evaluation and diagnosis. It consists of two-parts: an enzyme-linked immunosorbent assay
(ELISA) and a confirmation test done by a Western Blot (WB).

The ELISA is a quantitative analysis of antibodies produced against a specific antigen, in this case
Borrelia burgdorferi. It is the first tier in the two tiered approach. The problem is that the ELISA
is targeted to scan for antibodies specific to particular regions of this pathogen, which is
variable by species, relies on the host immune system to produce a profound response, and
assumes exposure to specific antigens on pleomorphic, variation-capable microorganisms. The
ELISA has been shown in repeated studies to be insufficiently sensitive to be used as a Lyme
Borreliosis “screening” test. [41]

The second tier, the Western Blot, or Western immunoblot, is a confirmation test (in cases of
Lyme disease) that is generally performed only if the ELISA results were positive. The WB is
utilized to detect the formation of antibodies to specific antigens related to infection. The test
detects two types of antibodies, IgM and IgG. The former, IgM, is the first antibody produced in
response to infection and is most sensitive during early cases of disease. The latter, 1gG, is part
of the secondary immune response and is generally persistent and produced in large quantities.
The significant bands of the IGM and IGG were selected for surveillance criteria more than
diagnostic criteria and were chosen on a statistical, rather than a clinical basis. [42]Even though
other Western Blot bands have been shown to be diagnostically important, the
recommendations made by the committees (above)are expressed below:

“It was recommended that an IgM immunoblot be considered positive if two of the following
three bands are present: 24 kDa, 39 kDa and 41 kDa. It was further recommended that an IgG
immunoblot be considered positive if five of the following 10 bands are present: 18 kDa, 21 kDa,
28 kDa, 30 kDa, 39 kDa, 41 kDa, 45 kDa, 58 kDa, 66 kDa, and 93 kDa.” [43]

The sensitivity of the two-tiered approach varies considerably based on the duration of illness,
clinical manifestations and individual immunological response to illness. When used properly, it
is estimated to have an overall sensitivity around 53.7% with a relative specificity >90% — no
better than the flip of a coin. [44]
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Again, in the absence of definitive objective manifestations or laboratory markers, there is
rationale and precedence for the use of empirical judgment by practitioners to effectively
diagnose and treat the patient based on the presentation of symptoms, concerns of the patient
and elimination of other potential culprits. Lyme disease is denoted by the International Lyme
and Associated Diseases Society, the Infectious Disease Society of America and the Centers for
Disease Control as a clinical diagnosis and is left to the judgment of the physician whether or
not to treat based on objective and empirical evidence.

Understanding the Treatment of Lyme Borreliosis

Medically recognized standards of care and diagnostic practices are generally the sole medical
source accepted by physicians and medical boards and associations and are often utilized by
practitioners as the appropriate response to diagnosing and treating individuals. In the case of
Lyme disease, there are two medically accepted standards of care: one denoted by the
International Lyme and Associated Disease Society (ILADS) and the other by the Infectious
Disease Society of America (IDSA). Both entities provide treatment recommendations for Lyme
Borreliosis based on peer-reviewed, evidence-based practices.

(2014)
(2006)

Although the original guidelines have been pulled by both the National Guideline Clearinghouse
and Centers for Disease Control, the remnants of these guidelines remain on the CDC website,
without reference to any government accepted guidelines.

How is Lyme Transmitted?

Lyme borreliosis is primarily transmitted through the bite and attachment of hard-shelled ticks
from the Ixodesgenus. There are two notable species in the United States known to carry and
transmit Borrelia burgdorferi s.l.: Ixodes Scapularis, a predominant east coast arachnid, and
Ixodes Pacificus, a predominantly west coast arachnid [45].
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#Ticklinmunter Resource Center Ixodes pacifcus (Western-Blacklegged Tick)

Image Source: TickEncounter Resource Center

These ticks may be found heavily in the Northeast, Pacific and South Atlantic regions of the
United States, with suggested growing populations stemming into the Mountain and Central
regions [46]. These ticks have a high propensity to be largely in wooded areas, near low brush or
tall grasses. Homes near these areas may experience elevated exposure to these ticks in their
homes, yards, on livestock and household pets. Having household pets near these areas
increases the likelihood of attachment by ticks to people or other animals inside the home [47].
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It is of note that ticks are not endemic to wooded areas. Research conducted in urban settings
have discovered small populations sporadically throughout urban and suburban cities
showcasing small populations in parks, small patches of forest and gardens [48][49].

Children are at the highest risk for infection due to elevated exposure to the outdoors. In
addition to elevated exposure it could also be argued that children also do not self-check after
being outdoors (notice physical anomalies as cautiously as adults), may also improperly remove
ticks or simply cannot visibly see or feel the attachment.

Research suggests that attachment time of the infected tick plays a role in the transmittance of
the pathogen, however these studies do not take into account previous vector attachment to
other hosts, other potential co-infections within the system (which may aid in transmittance via
motile pathways or antigen expression) and immunological variation in humans from animal
models and additionally, intra-immunological variation within other human counterparts.
Utilizing attachment time as a barrier to diagnosis may pose unnecessary risk on the patient.
Symptoms and concerns of the patient should be evaluated without subjective reference to
attachment times.

Special thanks to Joseph G. Jemsek, MD, FACP, Tyler M. Barry, and Senay K. Ghidei from Jemsek
Specialty Clinic for assisting Indiana Lyme Connect with the research and writing of this page.

While Jemsek Specialty Clinic aided in the production of this page, the company does not
necessarily endorse any methods or information contained on this page that it did not
contribute, nor do those methods or information reflect the viewpoints of the clinic.
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