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ARTICLE INFO Abstract

Background: Lyme Disease (LD) is the most commonly reported vector-borne 
disease in the United States, affecting over 300,000 people in the United States each year. 
If early LD goes undetected or is inadequately treated, the causative spirochete bacteria, 
Borrelia burgdorferi, can disseminate throughout the body and cause chronic symptoms 
that will characterize a patient with late LD. The incidence of LD is generally reported at 
a higher rate in light-skinned patients as compared to dark-skinned patients.

Aim: To assess the rate and causative factors of late Lyme Disease in dark-skinned 
individuals within the Appalachian region and encourage research into the need for early 
clinical evaluation and testing for at-risk patients.

Discussion: Healthcare providers are at risk of missing the diagnosis of acute Borrelia 
infection in dark-skinned patients based on historically lower reporting frequency and 
non-traditional early symptoms and clinical presentation. Misdiagnosis, or delayed 
diagnosis, adversely affects the health outcomes of people of color and risks progression 
of the infection from early to late LD.

Recommendations: We defined the characteristics of darker skin tones as a 
quantitative score to identify the risk for non-traditional presentation of the early signs of 
Borrelia infection. Using this score, we recommend determining the association between 
dark skin color and undiagnosed LD based upon a systematic study on the correlation 
of patient skin color and positive LD testing. This data should be combined with other 
risks of exposure. The results of the recommended research would determine whether 
physicians in Appalachia should incorporate comprehensive treatment plans for LD in 
dark-skinned patients as preventive medical practice.

Lyme Disease Defined

According to the Centers for Disease Control and Prevention 
(CDC) presently, Lyme Disease (LD) is the most commonly 
reported vector-borne disease in the United States, affecting 
over 300,000 people in the United States each year [1]. LD is not 
only of nationwide concern, but also infects people in more than 
80 countries worldwide [2]. LD is commonly transmitted by the 
blacklegged tick, Ixodes scapularis, infected with the spirochete 
bacteria, Borrelia burgdorferi [1]. However, LD spirochetes are 
also transmitted globally through minor Borrelia species such as B.  

 
garinii, B. afzelii, B. valaisiana, B. lusitaniae, B. japonica, B. tanukii, B. 
turdi, B. miyamotoi and B. mayonii [3,4].

 According to the CDC in 2016, the highest incidence of reported 
cases of B. burgdorferi transmitted LD in the U.S. occurs in the New 
England region and Midwestern regions such as Wisconsin and 
Minnesota [1,5]. B. mayonii was recently reported in 2013 and is 
a genetic strain that is a mixture of B. burgdorferi, B. garinii, and B. 
afzelii [6]. Currently, B. mayonii resides in the Midwestern region of 
the United States and is the only other known Borrelia species to 
cause LD in the United States [6].
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Outside of the United States, LD occurs mostly in Europe 
and Asia. In Europe, the majority of the LD reports appear from 
Scandinavian countries and Central Europe [4]. In Europe, LD cases 
are primarily caused by B. afzelii, followed by B. garinii, B. valaisiana 
and B. lusitaniae [3,4-5]. In Asia, specifically Japan, B. japonica, B. 
tanukii, B. turdi, and B. miyamotoi are the causative agents of LD 
[3,4]. While multiple Borrelia species contribute to LD globally, B. 
burgdorferi remains the primary causative agent of LD in the United 
States [1].

Patients infected with LD can present with a variety of 
symptoms [7].  During the early phase of LD, 50% of patients 
get a non-itchy rash, but only 9% of people get the characteristic 
bullseye, Erythema Migrans (EM), usually centered on the tick bite 
site. Other symptoms that manifest during the acute phase of LD 
are flu-like symptoms that range from fevers, chills, sweats, muscle 
aches, fatigue, nausea, and joint pain [8].  A more severe symptom, 
especially in younger patients, involves peripheral cranial nerve 
VII, causing facial drooping, a condition resulting in unilateral or 
bilateral facial palsy, commonly known as Bell’s Palsy [8].

 If LD goes undetected or is improperly treated, the spirochete 
bacteria can disseminate throughout the body and various chronic 
symptoms may occur that will characterize a patient with chronic, 
or late phase, LD [8]. Late LD symptoms include but are not limited 
to: malar flush, red earlobes, temporomandibular joint dysfunction, 
jaw pain, severe headaches, neck stiffness, additional EM rashes 
on other areas of the body, arthritis, severe joint pain, facial palsy, 
intermittent pain in tendons, muscles, joints, and bones, heart 
palpitations, dizziness, shortness of breath, encephalomyelitis, 
meningitis, neuritis, shooting pains, numbness, or tingling in the 
hands or feet, depression and problems with short-term memory 
[7-9]. It should be noted that as of the last decade, “chronic Lyme 
disease” has been considered an inadequately descriptive term 
which would be more accurately described as “late Lyme disease” 
[10]. The two phrases are commonly interchanged, and, in this 
paper, they are used synonymously to maintain accurate reporting 
of survey data. 

Vector of Lyme Disease in Appalachia

In the U.S. Appalachian region, the primary bacterial species 
that transmits LD is B. burgdorferi [12,13]. The vector for LD in 
the Appalachian region is the Ixodes scapularis tick species and is 
typically found in regions with mesic forests and alfisol type soils, 
a soil that is leached basic or slightly acid with a clay-enriched B 
horizon subsoil, overlying sedimentary rocks [13]. These conditions 
are characteristic of mountainous towns and communities found in 
the Appalachian region especially above 3,000 feet. Besides LD, I. 
scapularis serves as a vector for anaplasmosis, babesiosis, Borrelia 
miyamotoi disease, Powassan virus disease, and ehrlichiosis 
associated with Ehrlichia muris eauclarensis [14].

Approximately 80% of LD cases occur in endemic regions, 
specifically the northeast United States [15]. The majority of the 

remaining cases occur in the southeast and Appalachian regions. 
Between 2000 and 2014, the geographic distribution of LD cases 
significantly expanded in the southeastern United States, especially 
in the southern Virginia mountain ranges [11,15-17]. This spread 
is expected to continue further south in Appalachia over upcoming 
years. The cause of this continued increase of LD incidence is 
unknown at the time, but some hypotheses include climate 
change and increases in population in endemic regions [11]. Tick 
abundance is correlated with higher altitudes because of climate 
change [18]. However, one study anticipates a 213% increase in 
suitable habitat regions for I. scapularis because of climate change 
[19]. This study also reports that the southern states of the U.S. will 
become non-habitable for I. scapularis due to temperature increase, 
and therefore expects the prevalence of LD to increase in northern 
regions of North America [19].

Appalachia and its Ethnic History

Appalachia is a 205,000 square mile region that surrounds 
the Appalachian Mountains sections from southern New York to 
northeastern Mississippi. Geographically, this region includes all 
of West Virginia and parts of 12 other states: Alabama, Georgia, 
Kentucky, Maryland, Mississippi, New York, North Carolina, 
Ohio, Pennsylvania, South Carolina, Tennessee, and Virginia [20]. 
Ethnically, the majority of the region’s earliest settlers came from 
Anglo-Scottish border countries (Scottish-Irish) with a minority 
consisting of Swedish and Finnish settlers [21]. In the 19th century, 
major pioneer groups included Germans along with Italians and 
Eastern Europeans. African Americans have been a consistent 
minority representative, consisting of 8% of the Appalachian 
Research Council (ARC)-designated region, and Native Americans, 
Cherokee Indians in particular [22,23]. 

A racial group of interest with respect to the incidence of LD in 
Appalachia are the Melungeons. Melungeons are an isolated tri-racial 
group of mixed African, European, and Native American ancestry 
associated with the Cumberland Gap area of central Appalachia, 
including portions of East Tennessee, Southwest Virginia, and 
eastern Kentucky [24,25]. The origins of the Melungeons came 
from the principle of “partus sequitur ventrem” which became 
Virginia Law in 1662 that deemed children to be classified by the 
ethnicity of the mother. This led to the union between black men 
and white women, which became the foundation for the oldest free 
families of color [26]. According to genealogists, the earliest lineage 
came from the unions of black and white indentured servants prior 
the widespread rise of slavery and with the later passing of laws 
that restricted interracial marriages, the children of these groups 
intermarried with each other or mixed with persons of Native 
American ancestry [25-27]. This diversification of the population 
led to a variety of physical traits, including skin tone, within the 
Appalachian region. This is of medical significance due to the 
historical challenge of diagnosing dermatological presentations of 
diseases such as LD.
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The Appalachian Trail: Exposure to LD Vectors

Cases of LD in Virginia have increased in frequency since 2005 
[20]. Unique to the northeastern states with the highest prevalence 
of LD is the 2,175-mile Appalachian Trail (AT). Its route transects 
the eastern United States, passing through Virginia to Springer 
Mountain in Georgia, and is an ideal geographic area for LD 
acquisition because of the presence of the tick vector and rodent and 
deer hosts [21-23]. Many parents with infants and young children 
use the AT for day trips or short weekend camping. Epidemiological 
data of LD reported for counties along the AT shows that the 
highest rates of LD occur in New York, Connecticut, and New Jersey, 
and incidence rates in these states have increased since 1992 [24-
26]. With millions of visitors, day hikers, and section hikers that 
frequent various sections of the trail, interaction between hiker and 
tick, and thus exposure to the vectors of LD, is likely [27].

 According to the study done by Knoll et al. [26], 23 out of 
379 hikers reported that a rash developed during the hike. They 
concluded that the LD identification abilities of hikers remain poor 
with only 54% able to identify the surrogate marker of EM bullseye 
[28]. Regardless of geographic region, previous studies report a 
risk of exposure to spirochete-infected host-seeking I. scapularis 
nymphs in recreational settings including the Appalachian Trail 
[29]. However, the epidemiological surveillance conducted at the 
county spatial scale by Eisen et al. [28] demonstrated that despite 
the elevated risk of tick contact in national parks, one cannot 
adequately infer the risk of tick-borne disease for park visitors and 
hikers [29,30]. Due to varied ecology and varied human behaviors 
within parks, the density of infected ticks may further obfuscate 
any real correlations and findings [31].

Racial Differences in Reported LD Incidence

Skin color is classified utilizing either the Fitzpatrick scale or 
the older von Luschan scale. The Fitzpatrick scale consists of six 
roman numerals that categorize epidermal melanin based on its 
response to the effects of sun and Ultraviolet (UV) light, whereas 
the older von Luschan scale visually evaluates a subject’s skin color 
by comparing it to a standardized set of thirty-six opaque tiles 
[32]. The von Luschan scale would be a more relevant tool for the 
study of direct skin color, while the Fitzpatrick scale focuses on the 
response of variously pigmented skin to UV exposure [33]. Drawing 
a parallel between skin color and specific ethnic groups is difficult, 
controversial, and often unreliable. 

In most states including Virginia, there are five categories to 
indicate one’s racial designation and this information can be readily 
acquired [34]. However, this information is often inadequate due 
to ethnic groups having a substantial variation in skin color. For 
example, Virginia has an Asian population of 6.1%, but they could 
fall under any of the Roman numerals in the Fitzpatrick scale [35]. 
As reported by Fix et al [34] from 1993-2000, the incidence of LD 
was inordinately higher among the white population [36]. In this 
investigation, the data for race was compiled via self-designation, 
but this method is prone to errors as the classification process 

is not well defined. However, using this method does allow LD to 
be analyzed in conjunction with skin color rather than race alone 
[36,37].  

Since skin color and ethnicity is difficult to accurately compare 
and contrast with the diagnosis of LD and with the presence of 
erythema migrans, the Maryland State LD Registry was established 
in 1993 by the University of Maryland, Baltimore, and the 
Department of Health and Mental Hygiene (DHMH). Their goal 
was to provide a database for assessing outcomes of antibiotic 
therapy and to provide thorough, statewide surveillance for LD 
during 1993–1996. The registry was heavily patient driven and 
was inclusive to the different kinds of people who were affected 
by LD [36-39]. Presently, Lymedisease.org, an educational and 
research advocacy group, has established MyLyme Data to develop 
and to accelerate research in LD by providing observational data 
and by serving as a research platform for more traditional LD 
studies. Most of the patients in MyLyme Data (79%) identify their 
current stage of illness as late (16% of patients) or as chronic LD 
(61% of patients). This registry is designed to address all sorts 
of factors such as disease progression, delayed diagnoses, factors 
contributing to poor outcomes, geographical prevalence, ethnicity 
and skin color, treatments, genetic factors, and studying those who 
made a full recovery [40].

Reporting of LD Incidence for Individuals with Dark Skin

The incidence of LD is generally reported at a higher rate 
in white people as compared to other races [36-41]. This high 
incidence of LD is attributed to living in an endemic area, which 
is regarded as a key risk factor due to increased risk of exposure 
[36]. Although people with lighter skin and people of color both 
live in endemic areas, this disparity in the reporting of LD incidence 
persists [42].  According to a study on the racial differences in 
reported LD incidence, this disparity could be due to a number of 
factors including risk exposure, disparities in access to healthcare, 
misdiagnosis, and health provider bias [36]. The characteristic 
EM rash does not always appear with LD, but if present, the rash 
can be difficult to see on darker skin [43,44]. The possible result 
of misdiagnosis or the inability to appreciate EM could explain the 
increased occurrence of arthritis among African Americans in an 
endemic area as arthritis is an indication of the late disseminated 
stage of LD [36-46]. The study on racial differences in reported 
LD incidence also found a negative association between the LD 
symptoms of EM and arthritis [36]. As LD spreads towards the 
southwestern part of Virginia, health providers, as well as the 
general population, need to have an increased awareness of how LD 
manifests in people of color so that infected individuals may receive 
proper treatment [47]. 

Differences in Exposure Risks for Individuals with Dark 
Skin

The disparity of LD incidence between people with light skin 
and people with darker skin has been correlated to LD exposure 
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risk [36].  A study conducted from 2000-2014 to characterize 
LD expansion in Virginia found that the most notable area of LD 
expansion was along the Appalachian Mountains [11]. They found 
that this trend increases exposure risk for individuals living along 
this mountain chain to certain tick habitats ranging from suburban 
to rural locations. According to a 2011 study conducted by the 
National Park Service, 92% of visitors who went to Shenandoah 
National Park were white [48]. In regard to risk exposure, a 2018 
Outdoor Participation Report by The Outdoor Foundation found 
that 74% of people who engaged in at least one of forty-two different 
outdoor activities in 2017 were non-Hispanic Caucasian, while 10% 
were Hispanic, 9% were Black, and 6% were Asian [49].  Racial 
differences in outdoor activities appears to be a significant factor in 
the racial disparity in LD incidence rates [36-49].  However, under-
recognition of LD in people with dark skin seems to also be a likely 
significant factor in LD incidence disparity as LD is underreported 
by as much as 90% and is more difficult to diagnose than in people 
with light skin [11-36].

 When statewide surveillance of LD began in Virginia in 1989, 
the practice of confirming LD cases was with the presence of EM 
or the correlation of laboratory testing with at least one late stage 
symptom. This practice continued until 2008, when the National 
Surveillance Case Definition changed [50]. The current practice to 
confirm a LD case in an already endemic area is with the presence of 
EM or known exposure; otherwise, a positive laboratory testing is 
required in a non-endemic area for the confirmation of LD [50,51]. 
Despite the change, these guidelines still could lead to an under-
diagnosis of dark-skinned individuals with LD due to the differing 
appearance of the classic EM. 

Manifestation of LD Differences in Ethnic Groups

LD is known as the “second great imitator” after systemic 
erythematous lupus, due to its numerous nonspecific symptoms 
[51]. The EM rash is the only physical symptom that is distinctive 
enough to allow a diagnosis of LD in the absence of laboratory 
testing [49]. It is important to note that on darker skin, EM 
resembles a bruise [52]. Currently, laboratory  tests alone for LD are 
not reliable and require confirmation by a clinical diagnosis [43]. 
As LD persists untreated, it causes a late disseminated infection 
with symptoms including arthritis, arrhythmia, encephalopathy, 
carditis, and severe headaches which are more prevalently 
observed in individuals with darker skin since the EM rash is 
difficult to observe [45-53]. Hispanics with LD, for instance, were 
significantly more likely than non-Hispanics with LD to have signs 
of disseminated infection and symptom onset matching the criteria 
for late phase or chronic LD [54]. This could suggest an association 
between the presence of an LD infection and the related symptoms. 
Although diagnostic tests should be performed and appropriate 
therapy could be administered to patients with symptoms of LD, 
the difficulty of diagnosing LD lies in health providers’ awareness of 
how LD manifests in populations of darker skin color [46].

The Role of Healthcare Providers in LD Diagnosis

LD can be very difficult to diagnose because the most common 
diagnostic tests are inaccurate approximately 50% of the time, 
especially sub-acutely or late in the disease process [43]. Without 
the characteristic EM to aid in diagnosing LD, blood tests, which 
are utilized to detect antibodies to LD, require increased accuracy, 
specificity, and sensitivity in preventing and treating LD [54]. LD 
requires a clinical diagnosis and health providers in areas with 
increased LD prevalence need to be aware of LD manifestations 
in people of all ethnicities and skin colors [43]. Healthcare 
providers assume based on recorded statistics that LD is rare in 
African Americans and people of color, which translates into lower 
incidence rates reported for people of color who may be presenting 
with less characteristic symptoms [36]. Misdiagnosis, or late 
diagnosis, adversely affects health outcomes of people of color as 
patients living with chronic LD have reported severe decline in 
health status [46].

Recommendations

Implications

The primary concern related to these facts is that LD is reported 
with lower frequency in populations in Appalachia with darker skin 
tones but may be due to discrepancies in diagnosis by healthcare 
professionals, among other factors [36]. In order for healthcare 
professionals to address the issue for their patients, we provide the 
following recommendations. We define the characteristic of darker 
skin tones as a “high VL score”, or a score of ≥19 on the von Luschan 
chromatic scale Figure 1, which has a maximum score of 38 for 
the darkest possible skin pigmentation expected in a patient [36, 
56]. It is noted that while the von Luschan scale has been phased 
out of medical use for racial demographic categorization, it is an 
inexpensive and sufficient tool for skin tone as an independent 
characteristic [56]. One reason that the initial symptoms of LD 
are potentially overlooked in these patients is that the EM that 
normally characterizes the acute Ixodes tick bite associated with B. 
burgdorferi infection is less visible during general examination of 
high VL scoring patients [36-49].

Figure 1: Image of the original tiles used for the von 
Luschan scale. The specific wavelengths of each pigment 
has been identified by spectrophotometry.
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Many individuals in Appalachia who self-identify as minorities 
according to the U.S. Census Bureau are projected to be high VL 
scoring patients based on the Bureau’s average physical criteria 
[36-56]. Additionally, certain minorities, such as African American 
and Latinx individuals, have shown lower rates of receiving regular 
medical service due to lack of access and/or an inability to afford 
healthcare, as well as higher rates of occupations or lifestyles that 
carry greater risk of exposure to the vectors of LD [49]. The lack 
of physician access as well as the increased risk of exposure for 
dark-skinned patients is of interest to us as a potential cause of 
undiagnosed LD. This delay in diagnosis is a contributing factor in 
the increased prevalence of LD in patients who are high VL scorers, 
as well as the possibility of LD to be mistaken for other conditions 
due to the similarities in patient presentations [57,58].  

Areas of Focus

In order to confirm the need for further research into the 
prevalence of undiagnosed acute and late phase LD in dark-skinned 
patients, we recommend a systematic two-step research approach 
that is justified by our observations. Both steps allow for the 
anonymization of the patients involved and are expected to pose no 
health risk to the participants. The combined data collected from 
these studies would allow quantitative correlations to be made 
regarding skin tone and the prevalence of undiagnosed and chronic 
LD in the Appalachian region. The first step would focus on the 
results of a medical survey of patients known to have LD to see if 
there is a significantly greater prevalence of late phase LD in von 
Luschan scale scorers of ≥19 out of 38 compared to von Luschan 
scale scorers of below 19 [36-57].

The second step would focus on willing undiagnosed 
participants who would be tested for acute and late phase LD, with 
an interest in the correlation between positive results and higher 
von Luschan scores [36-56]. The test for LD would involve use of 
the Lyme antigen test, which is specific for the Borrelia bacterial 
outer surface protein A (OpsA) and will show a positive result 
if the Borrelia spirochete is present in the patient’s blood [57-
59]. This test has a higher sensitivity than the Enzyme-Linked 
Immunosorbent Assay (ELISA) and Western Blot methods, which 
are only specific for the host’s antibody response to Borrelia and are 
less accurate [57]. Following a positive test result, a physician must 
then confirm LD through clinical investigation into the patient’s 
other physical symptoms, environment, lifestyle, and relevant 
background [57,58].

Potential Consequences and Related Recommendations

A positive correlation in both of the above research endeavors 
would justify the inclusion of LD testing and preventive medicine for 
LD for all patients in Appalachia who score ≥19 on the von Luschan 
scale [36-57].  We advise physicians in the fields of primary care 
and emergency medicine in particular to note correlating factors 
between patients who have high VL scores and the prevalence of 
LD [36-49]. Due to the high overlap between patients who are dark-

skinned and are minorities, the greatest chance of encountering 
these at-risk patients is during primary care or Emergency 
Department (ED) visits. The results of the recommended research 
would determine whether primary care and ED physicians in 
Appalachia should: incorporate testing for LD as part of general 
preventive medical treatment, prescribe preventive treatment for 
at-risk patients, check for signs of Ixodes tick during a general exam 
in at-risk patients, and prescribe antibiotics for patients that show 
signs of Ixodes bites [57,58]. Additionally, at-risk patients should 
be educated about the prevention of Lyme and self-monitoring for 
signs of an Ixodes tick bite or symptoms of LD, as well as lifestyle 
factors that increase risk of exposure to the vectors of LD and 
Borrelia [49-58].
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