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Introduction 
Lyme disease (LD), commonly known as Lyme 

borreliosis, is a common disease spread by ticks in 
numerous parts of the world.1 It is caused by a bacteria 
called Borrelia burgdorferi and develops in stages. The 
early stage of LD is typically characterized by a bullseye 
rash that appears at the tick bite's location, usually on the 
armpits, neck, and legs.2 This stage may last for 1-2 weeks, 
after which the disease progresses to the next stage, which 
may include flu-like symptoms, joint pain, and 
neurological issues.3 During the late disseminated or 
chronic stage of LD, patients may experience neurological 
issues such as numbness and drooping of one side of the 
face, as well as joint problems like swelling and reduced 
motion. It is crucial to identify and treat LD with 
antibiotics in the early stages to prevent more severe 

problems from occurring. While doxycycline, an oral 
drug, can be used in patients with early-stage LD,4 those 
with later-stage disease are treated with ceftriaxone, a drug 
that can be administered directly into the bloodstream and 
is just as effective as doxycycline. 

LD is primarily spread through tick bites, with deer ticks 
being the most common carriers of the disease.5 Cases of 
LD are most frequently found in grassy and wooded areas. 
The disease was first discovered in Lyme, Connecticut, 
which is a state in the northeastern US with a temperate 
climate and wooded ecosystems. It was in the 1980s that a 
decades-long medical mystery was solved, and the Borrelia 
burgdorferi bacterium was identified as the cause of the 
mysterious illness.6 LD is a widespread illness that affects 
people in several parts of the world, such as the 
Northeastern US, Central and Northern Europe, West 
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Asia, and other regions.7 However, LD is gradually 
spreading to new areas, even urban areas, due to various 
factors such as human activities, increased monitoring, 
climate change, deer habitat change, and alterations in 
native ecosystems, among others.8,9 With the rising 
number of patients infected with LD, it is important to 
properly train healthcare providers who may not have had 
prior experience dealing with the disease. This training 
should focus on the prevention, recognition, and 
treatment of LD in regions with outbreaks. By improving 
these measures, we can reduce the human and financial 
toll of LD and provide better care to those affected. In this 
paper, we will examine the reasons behind the increasing 
prevalence of LD, as agreed upon by the literature, by 
looking at specific cases. We will then discuss the 
underlying cause for all of these reasons, how they 
contributed to our findings, and what the scientific 
community can do to mitigate them.   
 

1. Human activities 
Human activity greatly contributes to the spread of LD to 

new areas, according to research. Various pathways have 
been identified as sources of human-induced LD 
expansion.10 
 

2.1 Habitat encroachment 
TDisruptions in the natural habitat of ticks carrying LD 

contribute to its spread. One such disturbance is habitat 
encroachment, which happens when human development 
takes over land and disrupts the native ecosystems, 
resulting in humans being in closer proximity to those 
ecosystems.11 Urban development is a significant driver of 
such encroachment, where urban and suburban areas are 
built on land that was previously forested and tick-
infested, putting humans in close proximity to ticks.12 For 
example, from 2004 to 2011, the incidence rate of LD in 
Baltimore, Maryland, increased by 13% annually.13 This 
increase can be linked to human development, as seen in 
the case of the Baltimore Zoo, which was constructed on 
Druid Hill Park, a large wooded park located within the 
city's boundaries.14 

An investigation was launched after an employee at the 
Baltimore Zoo presented with a bulls-eye rash and other 
standard early-stage LD symptoms. As the employee had 

not traveled outside the city recently, it was believed that 
they contracted the disease in Druid Hill Park, where the 
zoo is located. Although no other zoo employees tested 
positive for LD, researchers decided to trap animals and 
test ticks and bacteria that cause LD. Over the course of 
three months, they found nine ticks and two mice with the 
bacteria. Although the risk of humans getting infected with 
LD is still considered low, it may increase as more people 
visit parks and live closer to ticks due to urbanization. This 
is especially concerning in periurban areas where humans 
are in close proximity to ticks, as it could lead to an 
increase in cases of LD in the future.  
 

2.2 COVID-19 and quarantine  
In recent years, there has been a documented increase in 

LD. This rise could be attributed to changes not only in 
animal habitats but also in our own living conditions and 
habits. As we change our lifestyles, the severity and spread 
of LD also change accordingly.15 One of the most severe 
changes of the twenty-first century was the COVID-19 
pandemic produced by the SARS-CoV-2 virus. 

Due to the widespread lockdown and heightened 
skepticism towards common cold symptoms, or even LD 
symptoms in some instances, being mistaken for COVID-
19 and resulting in a mandatory 14-day isolation, LD had 
the potential to escalate without proper attention. This 
could ultimately result in deteriorating patient conditions 
as LD progresses over time without adequate care.16 An 
example of such a case was identified in New York. 

Upon arrival at the hospital, this patient exhibited a 
decreased heart rate, dizziness, and respiratory difficulties, 
accompanied by the characteristic "bulls-eye" rash. These 
symptoms indicated severe complications.17 Despite the 
presence of the rash, which raised suspicion of LD, and the 
administration of IV Ceftriaxone, the patient experienced 
a cardiac arrest while at the hospital. The patient made a 
full recovery and was released within a span of four days. 
Simultaneously, as the hospital concluded its operations, 
scientists uncovered that the patient had arrived at the 
emergency room after completing a 14-day COVID-19 
quarantine, having traveled to upstate New York 
beforehand. There is a suspicion that the patient was bitten 
and contracted LD near the beginning of the quarantine 
period, as the onset of severe symptoms coincided with the 
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14-day mark, which aligns with the usual timeframe for 
severe LD symptoms to manifest. If the quarantine had 
been extended, the patient could have experienced a 
cardiac arrest within the boundaries of their own home 
without any assistance. At the very least, they would have 
endured a longer period of suffering. This instance serves 
as a clear demonstration of how seemingly unrelated 
factors in our society, such as the recommended 14-day 
quarantine period, can have significant impacts on our 
health and the advancement of LD.  
 

2.3 Human-mediated thoroughfare  
In contrast to the slower dissemination but more severe 

instances observed during quarantine, the rapid 
urbanization of the world has resulted in an acceleration 
of human systems such as transportation, community 
development, and habitat encroachment. Recent trends 
indicate that LD is spreading over larger distances and at a 
faster rate compared to the past. A notable example of this 
is the spread of LD in urbanizing regions of the 
Northeastern US. LD has historically been a prevalent 
issue in the Northeast US, as previously discussed. 
However, the growth of cities and enhanced connectivity 
between them, particularly in periurban areas, has 
exacerbated this problem. These areas, located on the 
outskirts of cities, are witnessing an increase in both ticks 
and the human population.18 The enhanced flow of 
vehicles and the higher frequency of vehicles resulting 
from improved transportation systems connecting cities in 
the Northeast have resulted in a wider spread and a more 
abundant occurrence of LD. A prime illustration of this is 
the I-95 mega highway, stretching from Maryland to 
Maine, where a significant portion of this urban expansion 
is occurring.19 Researchers have postulated that the I-95 
highway could potentially facilitate the transmission of 
LD. This is due to the possibility that ticks, which carry the 
disease, may be able to travel along the highway and 
migrate into cities and neighboring regions. The 
expansion of suburban development into previously rural 
areas, where ticks are more commonly found, has further 
exacerbated this issue. These expansive highways, such as 
I-95, allow for the rapid transportation of ticks from rural 
to urban environments. The study focused on an extensive 
area spanning 50 miles (80.47 km) on each side of I-95, 

encompassing a total of 25.0 million acres. Over the course 
of a decade, cases of LD were documented within this 
region. The investigators monitored the incidence of LD 
occurrences throughout a specific period and established a 
robust correlation between urban expansion and the 
frequency of LD cases. Regions undergoing a transition 
from rural to suburban to urban landscapes exhibited a 
higher prevalence of the disease in comparison to areas 
with minimal urban development. Cities served as focal 
points for the disease, with surrounding regions generally 
experiencing a greater number of cases. Furthermore, a 
discernible association was observed between the 
proximity to I-95 and the occurrence of LD cases. The 
correlation between urbanization and cases of LD is not 
solely attributed to the intrusion of humans into the 
habitats of tick-carrying animals.20 The expanded range of 
ticks' movement enables the emergence of cases not only 
in rural regions but also in urban areas, indicating a 
growing impact of urbanization on the spread of the 
disease.21 
 

3. Increased monitoring  
The epidemiology and geographic distribution of LD are 

undergoing changes, indicating the dynamic nature of the 
disease. However, the identification of LD is a relatively 
recent development. Consequently, in regions where LD is 
not prevalent, serologic testing is necessary to confirm the 
diagnosis.22 Unfortunately, the accessibility and reliability 
of such testing are often limited in underdeveloped 
healthcare settings. Hence, the actual occurrence of LD is 
frequently concealed. Nonetheless, as LD-specific 
monitoring has expanded in many geographical regions, 
particularly in rural areas, the apparent rise in LD cases 
may be ascribed to the existing prevalence, which can now 
be discovered by diagnostic procedures.23 As LD continues 
to spread into previously unaffected regions, it is crucial 
for physicians to actively monitor, identify, and consider 
LD in their diagnostic process. This approach will facilitate 
precise reporting and enhance patient outcomes. 
 

3.1 Testing in rural areas 
It is crucial to have dependable testing methods for LD in 

rural regions in order to accurately determine the presence 
of LD.24 Two commonly employed tests are ELISA and a 
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confirmatory Western Blot test.25 ELISA, also known as an 
enzyme-linked immunosorbent assay, is capable of 
identifying the quantity of a particular enzyme in a bodily 
sample. However, it exhibits a low accuracy rate of 
approximately 80% at best and is prone to producing a 
significant number of false negatives.26 In contrast, 
Western Blot exhibits a remarkable level of precision 
(99.9%), albeit at a significantly higher expense.27,28 
Although Western Blot and culturing are the prevailing 
methods of testing, an alternative approach involves 
directly cultivating the bacteria, allowing for visual 
identification.29 Nevertheless, culturing poses challenges 
due to the Borrelia bacteria's relatively sluggish growth rate 
and its specific requirements for optimal growth 
conditions such as oxygen, pH, and temperature.30 In 
addition to the aforementioned obstacles faced by all 
Borrelia bacteria, there exists a significant amount of 
genetic variation among the Borrelia bacteria responsible 
for causing LD worldwide.31 This genetic diversity has 
resulted in the absence of a universally standardized 
culture method, as the bacteriophages from different 
regions necessitate distinct culturing mediums and 
procedures.32–34 

In 1994, a comprehensive investigation was conducted 
on two individuals residing in Menominee County, 
Michigan, United States. This county is predominantly 
rural and was not previously recognized for having cases 
of LD.35 The healthcare facilities in this rural region were 
not well-versed in the identification and typical symptoms 
of LD. Consequently, diagnostic tests for LD were not 
administered during that period. The study observed two 
patients who exhibited the characteristic erythema 
migrans, commonly referred to as the "bulls-eye" rash, 
which is a prominent indicator of LD. What set these cases 
apart was the doctors' decision to conduct a skin biopsy on 
the distinctive "bulls-eye" mark and subsequently perform 
a bacterial culture to validate the presumed existence of LD 
in these individuals. This occurrence marked the initial 
instance in which such an examination was documented 
in a rural healthcare facility in Michigan for the detection 
of LD, as the process of culturing is usually challenging. 
Both individuals promptly received medical intervention 
and experienced rapid clinical improvement without any 

complications. Presently, there has been a noticeable 
increase in the number of confirmed cases of LD in 
Menominee County, which can be attributed, at least in 
part, to the growing awareness among healthcare 
professionals and the utilization of diagnostic methods to 
validate the presence of LD.  
 

3.2 Recognizing Lyme disease (LD) 
Nevertheless, the efficacy of conducting suitable LD 

testing alone is rendered futile in the absence of prior 
clinical suspicion. In regions where LD has not been 
historically prevalent, a lack of clinical suspicion is a 
common occurrence.36,37 Symptoms of LD, apart from the 
distinctive bulls-eye rash, are generally nonspecific and 
can be similar to those of various other ailments. 
Consequently, the presence of clinical suspicion for LD is 
crucial, but it may often be lacking if there is no previous 
record of the disease in the particular area. This 
phenomenon has been observed in Brazil, where the 
prevalence of LD has been on the rise since the first 
documented case in 1992.38 

In the year 2012, an investigation was carried out in the 
rural region of Tocantins, Brazil, where three individuals 
were officially diagnosed with LD.22 This occurrence 
represented the initial confirmed instances of the disease 
in that particular state. Tocantins encompass both the 
Amazon rainforest and savanna, harboring a diverse range 
of animal species that serve as hosts for ticks, known 
carriers of LD.39,40 

Ticks are usually found in areas populated by people. 
Nevertheless, the diagnosis of LD in Brazil poses a 
challenge due to the need for a comprehensive assessment 
involving clinical symptoms, a record of tick bites, and a 
serologic antibody test for confirmation. This task 
becomes arduous as the characteristic "bulls-eye" rash, 
which is typically associated with LD, is not frequently 
observed in patients with the disease. In fact, a study 
indicates that this rash is present in only approximately 6 
out of 19 patients.41 Hence, it is crucial to consider the pre-
existing clinical suspicion when considering LD as a 
potential cause of illness in these patients. Consequently, 
the identification and treatment of LD in its early stages, 
before it progresses into a chronic condition, pose 
significant challenges.36,42,43 Furthermore, the problem is 
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exacerbated by the fact that Borrelia burgdorferi, the 
bacterium responsible for LD, has yet to be properly 
cultivated in humans or animals, and research in 
laboratory settings has been restricted. This lack of 
isolation and limited research hamper efforts to enhance 
the precision of serological antibody testing for LD.22 

In the analysis of the three patients from Tocantins, a 
comparable pattern surfaced. The first patient, a youthful 
rural laborer, endured fever and joint discomfort for a 
duration of one month. Despite consulting with multiple 
medical professionals, it wasn't until he sought the advice 
of an infectious disease specialist and mentioned getting 
bitten by ticks that the suspicion of LD was raised. A 
pruritic and inflamed rash appeared on his legs at the 
location of the tick bite, prompting serologic testing to 
confirm the diagnosis. Consequently, he received 
treatment with tetracycline, an antibiotic. In a separate 
incident, a female individual paid a visit to a countryside 
farm and encountered a tick bite. Following several weeks, 
she was admitted to the medical facility due to symptoms 
resembling dengue fever, such as fatigue, bodily 
discomfort, elevated body temperature, and a tingling 
sensation in her hands known as paresthesia. Initially, she 
was discharged with the belief that rest would suffice for 
her recovery. However, she reappeared at the hospital the 
following day with significantly aggravated symptoms, 
including pain in the abdomen and chest, heartburn, and 
an unhealthy complexion. Despite conducting extensive 
biochemical and electrolyte examinations, no noteworthy 
abnormalities were detected. Nevertheless, her pain and 
illness progressively worsened over the course of several 
days. Physicians started suspecting LD as the patient 
continued to experience joint pain even after her other 
pain had reduced, eight days after her initial presentation. 
Following LD-specific treatment, she made a complete 
recovery. The lack of LD-specific symptoms, compounded 
by a lack of clinical suspicion in the presence of a tick bite, 
may have contributed to the delay in appropriately 
identifying the disorder. 

In the third instance, a comparable narrative transpired. 
A youthful gentleman exhibited non-specific symptoms 
and experienced a decline in health over a span of eight 
days. Despite the efforts of physicians, the identification of 

LD eluded them throughout this duration, ultimately 
resulting in the demise of the patient. It was only after the 
patient's passing that the confirmation of LD diagnosis was 
achieved through Western blot analysis. 

In spite of these being the initial confirmed LD cases in 
Tocantins, speculations regarding LD had already 
circulated in the area. This research serves as a relevant 
illustration of how raising awareness and consequently 
monitoring LD can enhance the number of precise LD 
diagnoses. However, it takes considerable time for 
awareness and clinical suspicion to spread and become 
established in a particular region. While the Michigan 
Clinic first adopted culturing as part of their diagnostic 
procedures in 1994, Tocantins physicians only 
incorporated culturing into their diagnostic practices in 
2012. The necessity for awareness, accurate testing, and 
diagnosis is progressively growing as LD expands its 
geographical reach. The experiences of individuals from 
Michigan, Tocantins, and other locations emphasize the 
urgency for an expanded geographic approach in the 
diagnosis and treatment of LD. 
 

4. Effects of climate-driven spread 
Climate change is driving the geographical growth of LD 

and its hosts. The traditional environmental factors that 
support the growth of LD, such as warmer and more 
humid summer months with shorter winters, are 
spreading to new areas.20 However, there are also regions 
where ticks are becoming less able to survive due to 
increased drought and reduced snow coverage, which 
provides insulation for ticks during the winter. Research 
studies have indicated a rise in LD prevalence in various 
parts of the world, including the United States, Canada, the 
Nordic regions, the Arctic, and South America. This 
expansion of LD due to climate change has significant 
implications for researchers and healthcare systems.44 
 

4.1 Expansion hampers research 
As the geographical distribution of ticks widens, it is 

imperative for public health authorities to monitor the 
dissemination of LD. This is achieved through the 
collection of ticks from their native habitats and subjecting 
them to testing for the presence of the Borrelia 
bacterium.45 Nonetheless, implementing this process is not 
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always straightforward. For example, in Canada, a country 
badly hit by the increasing incidence of LD, officials have 
struggled to keep up with the disease's fast spread.46 Efforts 
have been undertaken to augment the quantity of 
collection sites. Nevertheless, owing to limited resources, 
this ultimately resulted in a decrease in the frequency at 
which researchers could monitor these sites. To address 
this issue, a potential solution was examined in a study 
conducted in 2018, which investigated the feasibility of 
utilizing citizen science to gather essential data.47 By 
engaging citizens to venture into the field and conduct 
their own tests, subsequently sharing the collected data 
with researchers, the citizen science program proved to be 
immensely successful, yielding a substantial amount of 
high-quality data. Undoubtedly, the accomplishments of 
the Canadian team in this regard represent a noteworthy 
advancement. The necessity to adjust the team's data 
collection approach underscores the detrimental impact of 
climate change. As climate change persists in the future, 
there will be a greater demand for inventive and adaptable 
methods of data collection. It is crucial to prioritize 
surveillance for LD, considering the overall 
transformation of ecosystems, including not only ticks but 
also deer, bats, and other carriers. This prioritization is 
essential to guaranteeing the accuracy and 
comprehensiveness of the collected data.48,49 
 

4.2 Rising healthcare costs 
With the increasing prevalence of ticks and LD, hospitals 

are faced with the responsibility of treating a larger 
number of patients.50 Although the quality and extent of 
care are undoubtedly important, the financial aspect of 
treating severe cases of LD cannot be overlooked. The 
management of severe LD necessitates more intensive 
care, resulting in higher costs. 

In a case study conducted in Michigan, the incidence of 
LD has shown a significant increase of five times between 
2000 and 2014. As a result, the estimated cost of LD to the 
healthcare system in Michigan was approximately $7.8 
million in 2018. Additionally, there was a loss of $0.1 
million USD in wages due to sick days caused by LD.51 
Although these figures may seem relatively small when 
compared to the financial impact of other climate-
sensitive events such as the Washington wildfires or 

Hurricane Sandy, LD still imposes a considerable burden 
on outpatient services and incurs millions of dollars in 
public expenses annually. Within the hospital setting, 
around half of the total LD costs can be attributed to in-
patient expenses, indicating that the cases requiring 
hospitalization demand more extensive treatment, 
attention, time, and care.52 
 

5. Improvements 
Locating relevant cases for this case-study-driven paper 

presented a significant challenge. It is worth noting that 
the majority of LD-related cases, studies, and 
epidemiological reports have a strong focus on the United 
States. This US-centric approach limits the availability of 
geographically diverse literature on LD, which is crucial 
for developing a comprehensive understanding of the 
current state of LD. In Asia, specifically, there is a 
noticeable lack of such literature, further hindering the 
construction of an accurate understanding of LD.53 This 
gap is worsened by China's lack of a national database, 
making accurate data collection even more difficult. 
Considering that different regions may experience varying 
symptoms from different strains of LD, it is imperative to 
enhance the study and recognition of LD by publishing 
and disseminating more studies from Asian and South 
American regions to researchers worldwide.22,54 

The relative lack of English-written papers from South 
America gives rise to a parallel concern. This language 
barrier, stemming from a substantial number of papers 
being written in Spanish, presents a twofold challenge. 
Firstly, it restricts the accessibility of these valuable 
contributions to a wider international audience. Secondly, 
it effectively necessitates that South American researchers 
possess fluency in both Spanish and English.55 In order to 
foster greater dissemination of LD knowledge, it is 
advisable for journals or institutions to proactively offer 
translators to South American researchers. 

Previously, it has been established that the inability of 
physicians to identify LD has resulted in a significant 
underreporting of cases and has posed challenges in 
accurately monitoring the geographic and temporal spread 
of the disease. The absence of case recognition has directly 
contributed to a decline in the number of reported cases, 
as indicated by the preponderance of epidemiological and 
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region-wide case studies in South America over individual 
patient case studies. This issue is particularly significant 
due to the varying symptoms of LD in different regions, as 
discussed earlier. The scarcity of patient case studies 
hampers the identification of LD, as the characteristic 
symptoms of the disease are often misattributed. Moving 
forward, it is imperative to promote the recognition of 
region-specific LD by conducting more studies on cases 
specific to each region and allocating additional funding 
for the publication of case reports, particularly in South 
America and Asia.  
 

Discussion 
The incidence of LD has witnessed an upward trajectory, 

extending its reach to previously uncharted territories in 
recent times. Numerous pivotal elements have played a 
role in this pattern, encompassing heightened human 
proximity to carriers of LD, enhanced awareness and 
diagnostic measures, and the expansion of favorable tick 
habitats owing to climate fluctuations. This research 
underscores the significance of comprehending LD as a 
consequence of our capacity to monitor and identify it. 

Urbanization has resulted in communities being in closer 
proximity to ticks and other carriers of LD, yet our 
awareness and understanding of the disease have often 
been delayed. Attempts have been made to tackle this 
problem by gathering information through citizen science 
projects and expanding the availability of serologic testing. 
However, in numerous regions where access to such 
resources and adequate medical training is lacking, the 
scarcity of data remains a significant obstacle. This gap is 
evident in the limited amount of non-US epidemiological 
research on LD and the insufficient knowledge of culturing 
and serologic testing procedures for specific strains of LD 
found outside the United States. With a greater amount of 
data, authorities can pinpoint areas with a high prevalence 
of LD and take appropriate measures to provide healthcare 
workers with training in recognizing the disease, as well as 
promote the use of more efficient testing methods. 

With the growth in LD cases, which is further 
compounded by the impacts of climate change, there is a 
commensurate increase in unfavorable health outcomes 
and healthcare expenditures. Hence, it is crucial for 
healthcare professionals and public health authorities to 

work together to alleviate these burdens and obtain 
comprehensive data. Considering the growing challenges 
in collecting field data, proactive measures need to be 
implemented soon to avert more severe health outcomes 
and escalating costs in the coming years. 

It is our conviction that by intensifying surveillance and 
acknowledgment of LD within the community, the quality 
of care for individuals affected by the disease will be 
enhanced. Furthermore, this approach will provide 
valuable insights for public health strategies and facilitate 
the acquisition of funding for additional research 
dissemination on LD. Given the expansion of the disease 
into previously unaffected areas and the rising number of 
cases in various communities, it is imperative to prioritize 
the sharing of research findings and the promotion of 
clinical recognition. However, these crucial steps can only 
be effectively undertaken after collecting comprehensive 
epidemiological and genetic data on LD. 
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