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Abstract 

Lyme disease is a vector-borne illness caused by Borrelia spp. bacterium and spread 

primarily through the bite of a tick to humans and other mammalian hosts. Despite being a 

common disease prevalent in many regions of the world, there remains a considerable amount 

of uncertainty surrounding many aspects of the disease and consensus on the most appropriate 

and effective means of treating the illness remains to be achieved. Recommendations 

published by the Infectious Diseases Society of America (IDSA) and the International Lyme and 

Associated Diseases Society (ILADS), which are the primary guidelines followed by health care 

professionals treating Lyme disease, diverge in many of their key recommendations.  Given this 

lack of consensus, surprisingly little research has been conducted on patient outcomes 

following different treatment approaches. In this study, patient outcomes from 210 Canadian 

Lyme disease patients seeking treatment at one US Lyme disease clinic following a treatment 

regimen conforming to the ILADS treatment guidelines were evaluated. It was found that the 

201 of the 210 Lyme disease patients at the clinic responded positively to treatment and a 

significant (P<0.05) decrease in symptoms were observed over time. This study, along with 

related studies, may help to guide physicians to provide their patients with the most 

appropriate and effective means of care.  
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1.0 Introduction 

 

Lyme disease is a zoonotic illness transmitted by ticks infected with pathogenic 

members of the Borrelia genus of spirochaetal phylum bacteria. One species, Borrelia 

burgdorferi sensu stricto (B. burgdorferi ss) causes the majority of Lyme disease cases in North 

America, however other members of the genus are also known to cause Lyme disease (Rudenko 

et al. 2011). Ixodes scapularis is the primary tick vector for B. burgdorferi in the midwestern and 

eastern regions of North America (Sperling and Sperling 2009). In the pacific regions of North 

America, B. burgdorferi is primarily transmitted by its sister species, Ixodes pacificus 

(I. pacificus) (Sperling and Sperling 2009). Ticks acquire B. burgdorferi by feeding on infected 

reservoir species such as small mammals (Tilly et al. 2008). In addition to infection through tick 

bites, some evidence exists for transmission through the placenta, by sexual intercourse and by 

exposure to the bacteria in the blood, urine or feces of infected organisms (Stricker and 

Middelveen 2015; Waddell et al. 2018; Aoki and Holland 1989); further research needs to be 

done to confirm and quantify non-tick vectored modes of infection. Climate change, shifting 

land use patterns and changes in distribution of reservoir hosts has led to an increase of tick 

populations in some areas of Canada (Gasmi et al. 2017; Rebman 2020). Therefore, Canada is 

experiencing an increase in number of Lyme disease cases being diagnosed. From 2009 to 2015 

a six-fold increase in reported Lyme disease cases was observed (Gasmi et al. 2017). 

Additionally, it has been suggested, that the number of Lyme disease cases in Canada may be 

even greater than the numbers reported (Lloyd and Hawkins 2018). Evidence suggest Lyme 

disease is being under-reported in Canada due to failure of serological testing to detect 

infection and failure of physicians to serologically test patients and report cases (Lloyd and 

Hawkins 2018). 

 

If treated with antibiotics in the early stages of the illness, progression of the infection is 

often avoided (Cameron et al. 2014). However, if not treated early, for an appropriate time 

course or if left untreated, serious multi-system manifestations can develop (Cairns and Godwin 

2005). Although antibiotic treatment shortly after infection has proven to be effective in 
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treating Lyme disease, failure has been reported in 10% - 35 % of patients who are unable to 

obtain early intervention (Johnson et al. 2018). Once the bacterium has entered into the host, it 

causes an infection in a localized region of the dermis at the site of the tick bite, known as early 

acute localized Lyme disease (Steere 2004). This stage lasts for several weeks while the 

bacterium multiples in situ (Asbrink and Hovmark 1988) and may be associated with the 

appearance of the erythema migrans rash (EM rash), otherwise known as the “bulls eye” or 

“target” rash, which is caused by an immune response to the bacteria (Dammin 1989). 

However, only 35% - 60% of Lyme disease patients develop the EM rash making diagnosis 

difficult (Cameron et al. 2014). Other signs of Lyme disease include common non-specific 

responses to infection such as constant fatigue, fever, aches in the muscles, headaches and 

nausea (Steere et al. 1986). If the infection is left untreated, the bacteria will continue to 

multiply and can navigate to new regions of the body through the blood or the lymph. This is 

the onset of the second stage of Lyme disease, described as early disseminated Lyme disease 

(Asbrink and Hovmark 1988). At this stage, symptoms previously described in early acute Lyme 

disease worsen with cardiac and arthritic symptoms starting to arise as the bacteria invades the 

vascular system and the connective tissues surrounding the joints (Steere 2004). Symptoms 

attributed to B. burgdorferi in the cardiac regions of the body include myocarditis, pericarditis, 

and atrioventricular heart block (Steere 2004). When the bacterium enters the tissues 

surrounding the joints in the body it can cause migratory joint pains and synovitis (Steere 2004). 

If the infection remains untreated for months to years after intial infection, late disseminated 

Lyme disease develops (Asbrink and Hovmark 1988). In this stage, the bacterium spreads to 

most organs and tissues of the body, including crossing the blood brain barrier to infect neural 

tissues, creating various severe multi-system manifestations including neurological symptoms 

such as migraines, dizziness, sleep disturbances, concentration issues, brain fog, and memory 

loss (Steere 2004).  

 

To establish an infection in a mammalian host, Borrelia needs to evade the immediate 

host immune response and then establish a long-term infection. The spirochete employs 

multiple and sophisticated mechanisms to achieve both of these goals including active immune 
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suppression, induction of immune tolerance, antigenic variation favoring evasion of the 

immune system and concealment of the spirochete in various tissues of the host; additional 

mechanisms likely remain to be elucidated (Rudenko et al. 2019). When the Borrelia spirochete 

detects the tick feeding, it moves from the midgut of the tick into the tick’s salivary glands, 

where it is injected into the host’s dermis as the tick feeds (Sultan et al. 2013, Ramamoorthi et 

al. 2005). The outer surface protein C (Osp C) of B. burgdorferi binds to the tick’s salivary 

proteins (Salp15) causing an antigenic change in the bacterium favouring infection of the 

mammalian host (Ramamoorthi et al. 2005). Once in the host, the OspC-Salp15 complex can 

then evade immediate immune response by binding to the CD4 receptor on CD4+T cells 

inhibiting its activation and mitigating the immediate local immune response (Ramamoorthi et 

al. 2005; Anguita et al. 2002).  

  

Resistance to the immune response and to antibiotic therapy is dependent on B. 

burgdorferi’s adaptive ability (Rudenko et al. 2019). To be able to withstand the environmental 

and physiological changes associated with moving from an invertebrate (tick) to vertebrate (ie 

mammal) host, B. burgdorferi alters its level of gene expression in response to multiple factors 

such as temperature, pH, salts and nutrient content (Rudenko et al. 2019). There is evidence 

that a persistent B. burgdorferi infection can exist in a variety of mammalian hosts including, 

mice, rats, hamsters, guinea pigs, gerbils, dogs, monkeys and baboons (Stricker 2007; Hodzic et 

al. 2014). Clinical studies also provide evidence of persistent B. burgdorferi infection in humans 

(Priem et al. 1998; Breier et al. 2001; Berglund et al. 2002; Asch et al. 1994). Using various 

detection methods including microscopy, histopathological and molecular testing, one study 

found evidence of ongoing spirochetal infection despite antibiotic treatment cultured from 

body fluids and tissues from a randomly selected group of patients with persistent Lyme 

disease symptoms (Middelveen et al. 2018). Another study found similar results using 

immunoelectron microscopy and PCR to detect Borrelia in plasmas and cerebrospinal fluid from 

a group of Lyme disease patients experiencing persistent symptoms 4 to 68 months after 

antibiotic treatment (Honegr et al. 2004).  
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The spirochete is able to evade detection by the host’s immune system by embedding in 

the hosts extracellular matrix for reproduction and growth (Rudenko et al. 2019). When hostile 

environments are encountered, such as the presence of antimicrobials, biphasic killing is 

observed in which some of the bacterial population is killed while persisting subpopulations 

with pleomorphic phenotypes arise in the form of looped or ring-shaped bacteria, blebs, round 

bodies, spirochete colonies or biofilm aggregates (Rudenko et al. 2019).  Thus short-term 

antibiotic therapy risks generating persisting subpopulations of B. burgdorferi that have the 

ability to alternate between active and inactive forms capable of causing a relapse (Rudenko et 

al. 2019). It has been suggested that different morphs of B. burgdorferi may react differently to 

various types of antibiotics and therefore, antibiotics that are typically used to treat Lyme 

disease may have different abilities to eliminate the bacterium (Rudenko et al. 2019; Zhang).  

 

Detection of B. burgdorferi in humans remains challenging; the diagnosis is a clinical one 

supported by tick exposure history and laboratory testing. Symptoms can vary depending on 

the tissue or organ most heavily impacted, by patient genetic and immunological variability, as 

well as many other factors. This makes formulating a clinical diagnosis criterion for health care 

providers both challenging and subjective (Moore 2015). Misdiagnoses may be made due to 

typical features associated with Lyme disease being absent in some cases and the fact that 

many conditions may produce symptoms attributed to Lyme disease (Moore 2015). Typically, 

the initial diagnostic approach for health care providers is the appearance of the EM rash, but 

this sign does not present many Lyme disease patients, and is, additionally, only useful for some 

of the population (Boltri et al. 2002). Clinical diagnoses are supported by tick exposure history; 

however, ticks are stealth feeders and tick feeding is often not detected. Diagnosis is also 

supported by laboratory diagnostics. Indirect diagnostic techniques rely on serological 

detection of the human immune response to the Borrelia bacteria; either antibodies produced 

in the B cell response or T cell activation (Marques 2015). Antibody testing is by far the most 

common and the basis of the two-tiered diagnostic method recommended by the Centers for 

Disease Control and Prevention and currently used by health care professionals in the United 

States, Canada and in most European countries (Marques 2015). The two-tiered approach 
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consists of detecting antibodies with an intial enzyme linked immunosorbent assay (ELISA) or a 

fluorescent antibody test (IFA) followed by a western blot test confirming specificity of the 

antibody response. Serological detection techniques suffer from a number of limitations. 

Differentiating between active infection and inactive infection using serological methods is not 

possible (Tylewska-Wierzbanowska and Chmielewski 2002). Further, the commercial western 

blots, and to a lesser extent, are optimized to detect only one strain of one species of B. 

burgdorferi (Tylewska-Wierzbanowska and Chmielewski 2002). This strain is a lab-adapted 

strain that may not even exist currently in nature, and is only one species among many 

pathogenic Borrelia species. Additionally, some patients may not mount an immune response 

to the bacterium throughout the entire course of their illness (Tylewska-Wierzbanowska and 

Chmielewski 2002). These limitations to both the sensitivity and specificity of these tests 

provide as much controversy as help to Lyme disease patients (Marques 2015). 

 

Direct diagnostic techniques for Lyme disease include directly detecting the bacteria by 

bacterial culture, usually in combination with polymerase chain reaction (PCR) for molecular 

confirmation of the spirochete via DNA sequence analysis (Marques 2015). B. burgdorferi 

spirochetes can be cultured from blood, skin, urine and human vaginal and seminal secretions 

(Lebech 2002; Middelveen et al. 2015). The direct culture method identifies active infection by 

viable B. burgdorferi spirochetes and can detect more than a single strain of Borrelia bacterium 

as many species of Borrelia sp. bacterium can grow in culture (Lebech 2002). While direct, this 

method is not typically used clinically due to the slow-growing nature of the B. burgdorferi 

spirochetes (Marques 2015). Additionally, it has been observed that sensitivity using a culture 

method is quite low (Marques 2015). Despite these constraints, a direct culture method 

remains the gold standard to confirm diagnosis of Lyme disease as this technique overcomes 

many of the limitations experienced by indirect detection methods (Lebech 2002).  

 

 If diagnosed with Lyme disease, health care providers typically prescribe antibiotics. It 

has been observed that antibiotics are most effective if administered during the early stages of 

the infection and the efficacy of antibiotics tends to decrease as the dissemination of B. 
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burgdorferi occurs (Steere 1980). Two primary treatment guidelines exist for the management 

of Lyme disease: guidelines published by the Infectious Disease Society of America (IDSA) and 

guidelines published by the International Lyme and Associated Disease Society (ILADS). The 

majority of health care providers in Canada follow guidelines suggested by the IDSA, although a 

more conservative version of these guidelines is endorsed by the Association of Medical 

Microbiology and Infectious Disease Canada. A number of recommendations differ between the 

ILADS and the IDSA published guidelines and therefore, a consensus has yet to be agreed upon 

by the medical community (Cameron 2009; Cameron et al. 2014). The following table adapted 

from the Supplementary Appendix I by Cameron et al., highlights the major differences 

between the IDSA and the ILADS treatment guidelines (Table 1.0) (Cameron et al. 2014).  
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Table 1.1: Comparison of IDSA and ILADS recommendations for treatment of Lyme disease 
(Cameron et al. 2014) 

 
 

The IDSA defines Lyme disease as an uncommon infection that is contracted only in 

geographically defined areas of the world. They state that the disease is easily diagnosed and 

treated at its early stages by accurate laboratory testing measures and short-term use of 

antibiotics. Additionally, the IDSA states that no valid evidence-based studies exist proving the 

presence of a persistent B. burgdorferi infection and names the illness after this treatment 

regime, post-treatment Lyme disease syndrome, a condition attributed to an autoimmune 

response (Wormser et al. 2006). Evidence to support treatment recommendations by the IDSA 

includes a limited number of randomized clinical trials. One of the major studies was a 

randomized clinical trial on 482 subjects who had previously been bitten by I. scapularis within 

72 hours and administered a single 200 mg dose of doxycycline (Nadelman et al. 1997). It was 
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concluded that the efficacy of the treatment was 87% after observing formation of the EM rash 

after only 6 weeks following the tick bite (Nadelman et al. 1997). Another clinical trial done by 

Klempner (2002) on a group of patients previously treated for Lyme disease who were still 

experiencing symptoms, found that after administering ceftriaxone for 30 days followed by 

doxycycline for 60 days there was no significant difference in improvement between the control 

and experimental group (Klempner 2002).   

 

The ILADS defines Lyme disease as a common infection that can be contracted in many 

regions of the world. The ILADS recognizes evidence of the existence of a persistent B. 

burgdorferi infection and therefore, bases its recommendations on literature supporting the 

hypothesis that a persistent B. burgdorferi infection may be causing symptoms of long 

durations in patients untreated and previously treated for Lyme disease (Cameron et al. 2014). 

The ILADS argues that no evidence-based literature currently exists to support the hypothesized 

autoimmune response producing Lyme disease symptoms of long durations following 

treatment and thus considers the concept of post-treatment Lyme disease syndrome 

discreditable (Stricker and Johnson 2007). The ILADS supports an open-ended treatment 

approach for treating those with Lyme disease, which is individualized for each patient. 

Evidence for the guidelines suggested by the ILADS is also based on a limited number of 

randomized controlled trials. One of the largest studies to support ILADS guidelines was 

conducted on 277 Lyme disease patients who were treated with tetracyclines for an average of 

4 months. In this study, 33% of patients improved after 2 months of treatment and after 3 

months of treatment 61% of patients showed high improvement (Donta 1997). This may 

suggest that a longer treatment duration may result in increased improvement in these 

patients (Donta 1997). A study by Cameron (2008) concluded that a significant difference in 

quality of life was observed after 90 days of amoxicillin was administered to Lyme disease 

patients experiencing persistent symptoms after initial treatment (Cameron 2008). ILADS notes 

that limitations for these studies exists and therefore, highlights the need for research to 

establish effective treatment regimens for treating known tick bites, EM rashes and persistent 

disease (Cameron et al. 2014). 
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It has been found that a large number of Canadian Lyme disease patients are dissatisfied 

with their treatment in Canada and therefore are seeking treatment options internationally, 

specifically in regions of the United states, where they are able to receive treatment following 

ILADS treatment guidelines (Boudreau et al. 2018). Despite Lyme disease being the most 

common tick-vectored disease in the western hemisphere, with the number of cases projected 

to increase in the future, evidence for the best approach to treating Lyme disease remains 

sparse. Similarly, the few studies that exist on Lyme disease treatment present conflicting 

results. Studies on the treatment recommendations for Lyme disease suggested by both the 

IDSA and the ILADS are limited by variability in enrollment criteria, intervention and outcomes 

measures. There is a critical need for evidence-based research to guide physician treatment 

regimens in Canada. The aim of this research is to evaluate the efficacy of a treatment approach 

involving long-term multiple antimicrobials by examining patient outcomes from one 

specialized US Lyme disease clinic treating patients following ILADS treatment guidelines. We 

analyzed data from symptom charts of 210 Canadian Lyme disease patients receiving treatment 

at this US Lyme disease clinic. Aggregate demographic data and the change in the number and 

nature of symptoms over time was assessed.   
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2.0 Materials & Methods  

 

2.1.0 Participants and setting   

All subjects in this study were residents of Canada who are currently ongoing or have 

previously received treatment, between the years of 2008 and August of 2019, at the Lovejoy 

Health Center, a specialized Lyme disease medical clinic, by Dr. Richard Dubocq.  The Lovejoy 

health centre opened in 1978 and started treating American Lyme disease patients in 2000 and 

Canadian Lyme disease patients in 2008. Patients included in this study were either referred by 

a Canadian physician or they were self-referred. All patients in this study were given a clinical 

diagnosis of chronic Lyme disease with a long-standing duration of symptoms and/or likely tick 

exposure and/or supportive laboratory diagnostics by the treating physician. Some patients had 

other diagnoses by healthcare providers in Canada. Some had had treatment for Lyme disease 

varying from a single dose of doxycycline to several months of oral antibiotics, others had not 

previously been treated for Lyme disease. Permission for secondary use of anonymous data 

from patients currently and previously treated for Lyme disease at this clinic was approved by 

the Mount Allison University Research Ethics Board (Research Ethics Protocol #102622). 

Information collected included patient’s age, gender, symptoms, and health history. All data 

was collected by the physician’s research assistants in the summer of 2019, with no known 

exclusions.  

 

2.2.0 Study design  

Symptom charts (Table. 2.1) consisting of specific symptoms in various categories were 

completed by each patient at each consultation, which occurred at 3-month intervals. A total of 

43 multi-system symptoms of Lyme disease were measured (Table 2.1). 

Patients included in this analysis were those who had at least two consultations at the 

clinic between 2008 and August 2019; those with only one consultation included those who 

were not given a diagnosis of Lyme disease and/or chose not to pursue treatment at the clinic 

for, presumably, diverse but undocumented reasons.  The multiple consult subset of patients 
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was then further divided into groups based on the number of consultations the patients had at 

the clinic.  

 

a) Patients with 1 clinic visit. This subset of patients had one consultation at the clinic 

before ceasing their treatment 

b) Patients with 1 clinic visit ongoing treatment. This subset of patients had one 

consultation at the clinic within 4 months of the date data collection presuming their 

treatment at the clinic was ongoing. 

c) Patients with short treatment duration. This subset of patients had either 2 or 3 

consultations at the clinic before ceasing their treatment. 

d) Patients ongoing treatment < 1 year. This subset of patients had either 2 or 3 

consultations at the clinic with their most recent consultation within one year prior to 

data collection. These patients were at the beginning stages of their treatment at the 

clinic. 

e) Patients ongoing treatment >1 year. This subset of patients was at the clinic for more 

than one year with their most recent consultation at the clinic within one year prior to 

data collection. These patients were nearing the end stages of their treatment at the 

clinic. 

f) Patients completed treatment. These patients were those who had completed 

treatment at the clinic and therefore, had no consultations at the clinic for at least one 

year prior to data collection. 
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In order to determine patient’s outcomes at the clinic, response to treatment was 

determined by change in number of symptoms, totalled and in each category, at initial visit, 

subsequent and most recent/final visit to the clinic in the patient groups that had more than 

one consultation at the clinic. Change in number of symptoms at first consultation compared to 

most recent consultation to the clinic was calculated using the following equation: 

 

= Number of symptoms at most recent visit – Number of symptoms at initial visit 

 

High responders, with the greatest change, were represented by data points less than -

10 (Δ > 10 symptoms ) , moderate responders were represented by data points ranging from -9 

to 0 (Δ 0-9 symptoms), non-responders were represented by data points at zero (Δ 0 

symptoms), and patients who were worse after treatment were represented by positive data 

points (Δ + symptoms).  

 

 

In order to determine if each body system was differentially affected by treatment, 

change in number of patients that had each symptom at first visit compared to most recent visit 

to the clinic was calculated for all patients in the study who had at least two consultations at 

the clinic. The following equation was to calculate change in number of patients with each 

symptom:    

 

= Number of patients with symptom at their most recent visit – Number of patients with 

symptom at their initial visit  

 

Symptoms that had the greatest change in number of patients displaying the symptom 

after the start or completion of treatment were categorized into a high response group and 

were represented by data points less than -20 (Δ > 20 patients), symptoms that responded 

moderately after the start or completion of treatment were represented by data points ranging 
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from -20 to -10 (Δ 10-20 patients), symptoms that slightly responded after the start or 

completion of treatment were represented by data points ranging from -9 to 0 (Δ 1-9 patients), 

symptoms that did not respond to treatment were represented by data points at zero (Δ 0 

patients) , and symptoms that were worse after start of treatment were represented by 

positive data points (Δ + patients). 

 

2.2.1 Statistical analysis  

In order to determine if symptom number was changing over time, measured in 

consultations, for each of the patient groups with more than one consultation, a generalized 

linear mixed model was made using R software (Version 3.6.2, “Dark and Stormy Night”). 

Generalized linear mixed models work well with unbalanced repeated measures and 

longitudinal data as it assumes a continuous outcome variable that is related to a set of 

explanatory variables following a linear trend (Cnaan et al. 1997). This method also allows for 

lack of independence between observations, as is true for repeated measures studies, making it 

the optimal approach to analyze trends in multiple observations on a single subject with 

flexibility (Cnaan et al. 1997). The Poisson distribution is useful to model count data such as the 

measures used in this study, because it specifies probability for only integer values (Zeileis et al. 

2008).  
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Table 2.1: Symptoms recorded by patients at each consultation to the US Lyme disease clinic. 

Category 
 

Symptoms  

General wellness Weight fluctuations Night sweats 
 Fatigue Chills 
Vision Vision problems Eye pain 
Digestion Ingestion/Heart burn Vomiting blood 
 Nausea/Vomiting Blood in stool 
Heart/Circulation Chest pain Ankle swelling 
 Palpitations  
Urinary  Blood in urine Frequently urinating 
 Pain when urinating Urinary leaking 
 Weak urine flow  
Thyroid/Endocrine Hot flashes Hair changes 
 Frequent thirst  
Skin  Lesions Color changes 
 Itching/rash  
Lungs/Breathing Shortness of breath Frequent cough 
 Wheezing  
Blood/Lymph Bruise easily Difficulty to stop 

bleeding 
Neurological Weakness in extremities Difficulty with 

balance 
 Dizziness Memory loss 
Ear, Nose, Throat Trouble hearing Nosebleed 
 Sinus trouble  
Muscles, Joints, Bones Joint pain Back pain 
 Muscle pain  
Psychiatric Panic Attacks Depressed 
 Anxious Feeling major stress 
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Results 
 
3.1.0 Participant demographics 

The majority of the 210 participants in this study were from Atlantic provinces of 

Canada with a large portion being from New Brunswick (N=128) and Nova Scotia (N=68). 

Participants in this study were also from Quebec (N=8), Prince Edward Island (N=3), Ontario 

(N=2), Newfoundland (N=1), and Manitoba (N=1). Patient’s demographic and clinical data 

included age, sex, presence of comorbidity, history of health and tick exposure history, which 

are detailed in Table 3.1. 

At the time of data collection, August 2019, there were 210 Canadian patients who were 

currently or had previously received treatment from the US Lyme disease clinic (Figure 3.1). 

Since the year 2013, there had been a steady increase in number of Canadian patients seeking 

treatment from the clinic (Figure 3.1). 

 
Figure 3.1: Number of Canadian patients at US Lyme disease clinic seeking care at the clinic 
from 2008 to August 2019.  
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Patients received care at the clinic for varying lengths of time. At the time of data 

collection, some patients had completed treatment (31%), most were still undergoing 

treatment (41%) and some had not pursued treatment past the first or first few consultations 

(28%) (Figure 3.2). There was a greater number of females (62%) than males (38%) receiving 

treatment at the clinic (Figure 3.2). 

 
Figure 3.2: Treatment status of Canadian patients at the US Lyme disease clinic from 2008 to  
August 2019. 

 

 

 

 

 

 

 

 

0

5

10

15

20

25

30

35

40

45

1 clinic visit 1 clinic visit
ongoing

treatment

Short
duration

treatment

Ongoing
treatment <

1 year

Ongoing late
treatment >

1 year

Completed
treatment

N
um

be
r o

f p
at

ie
nt

s 

Patient group 

Males

Females



 23 

Table 3.1: Demographic characteristics of 210 Canadian patients treated at one US Lyme 
disease clinic. 
  Patients   
Variable  No. % 
Age, years    
<60  116 55.2% 
>60  94 44.8% 
Sex    
Male   86 41.0% 
Female  124 59.0% 
Presence of comorbidity      
Anemia  40 19.0% 
High blood pressure  52 24.8% 
Heart murmur  23 11.0% 
Asthma  24 11.4% 
Diabetes  15 7.14% 
IBS  78 37.1% 
Yellow jaundice  9 4.29% 
Seizures  13 6.19% 
Nervous condition  28 13.3% 
Gout  9 4.29% 
Arthritis   64 30.4% 
Migraines  96 45.7% 
History of health    
Heart attack  11 5.23% 
Stroke  7 3.33% 
Pneumonia  47 22.4% 
Ulcer  18 8.57% 
Hernia  19 9.05% 
Cancer  27 12.4% 
Blood clot   9 4.29% 
Kidney infection  47 22.4% 
Kidney stones  42 20.0% 
Fractures  63 30.0% 
Tick exposure history    
Known tick bite  56 26.7% 
EM rash  46 21.9% 
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3.1.1 Symptoms observed  
 

Number of patients who had each symptom in each body system were totaled to 

determine the most commonly observed symptoms upon presentation to the clinic. Back pain, 

dizziness, muscle pain, joint pain and fatigue were the five most commonly observed symptoms 

(Figure 3.3). 
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Figure 3.3: Number of patients with each symptom at their initial visit to the US Lyme disease 
clinic (N=210).  
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3.2.0 Determination of patient response to treatment  
 

In order to analyze patient’s response to treatment, the change in the number of 

symptoms between the patients’ intial visit to the clinic and their last or most recent visit was 

calculated for each of the four patient groups.  

All patients in the short duration treatment group responded to treatment, to a greater 

or less extent (Figure 3.4, A.), on average to a lesser extent than those treated for longer 

durations. In the group of patients in ongoing treatment for <1 year at the clinic, the majority of 

patients were responding positively to treatment at the time of data collection, although 2 

patients (1 male and 1 female) (6.9%) responded negatively (Figure 3.4, B.). In the group of 

patients in the ongoing treatment >1 year group, the majority of patients were responding 

positively at the time of data collection, although 4 patients (2 males and 2 females) (7%) 

responded negatively (Figure 3.4, C.). There was 1 patient (female) (1.7%) who had the same 

number of symptoms as upon initial presentation, although the symptoms were not identical. 

Among patients who completed long-term treatment at the clinic, the majority of patients 

responded positively, while 2 patients (females) (6.1%) responded negatively to treatment 

(Figure 3.4, D.). 
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Figure 3.4: Change in number of symptoms reported at initial visit to the clinic compared to 
most recent recorded visit to the clinic in; A. patients with short duration treatment, B. patients 
ongoing treatment < 1 year, C. patients ongoing treatment > 1 year, and D. patients who 
completed treatment at the US Lyme disease clinic. 
 

When comparing the response of patients to treatment in each group, it was found that 

the majority of patients were high responders (Δ > 10 symptoms) or moderate responders (Δ 1- 

9 symptoms) in both males and females (Figure 3.5). When comparing the response of patients 

to treatment between genders it was found that a greater percentage of females were high 

responders in each patient group (Δ > 10 symptoms) compared to males (Figure 3.5). 
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Figure 3.5: Percentage of males (A.) and females (B.) who were high responders (Δ > 10 
symptoms ), moderate responders (Δ 1- 9 symptoms), non-responders (Δ 0 symptoms ) and 
worse (Δ + symptoms ) after the start of treatment in patients with short duration treatment, 
patients ongoing <1 year of treatment, patients ongoing >1 year of treatment and patients who 
completed treatment at the US Lyme disease clinic. 
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3.3.0 Determination of average change in symptom number over time 

To assess variation in number of symptoms between visits to the clinic and variation in 

number of symptoms between genders in each of the four patient groups, a generalized linear 

mixed model analysis was used. In patients in the short duration treatment group at the US 

Lyme disease clinic a downward trend in mean number of symptoms was observed in both 

males and females (Figure 3.6, A.). This difference in the number of symptoms between visits 

was significant (P<0.001) (Figure 3.6, A.).  On average, females had a greater number of 

symptoms at each clinic visit than males in this patient group, however, this difference was not 

significant (P=0.28) (Figure 3.6, A.). Similarly, a continuous downward trend in number of 

symptoms was observed in both males and females in the patient group ongoing treatment for 

<1 year at the clinic (Figure 3.6, B.). The difference in mean number of symptoms was 

significant (P<0.001) (Figure 3.6, B.). Females in this patient group, had a greater number of 

symptoms at visit one and visit two compared to males in this patient group, the difference was 

not significant (P=0.23) (Figure 3. 6, B.).  

In patients in the ongoing treatment at the clinic for >1-year group, a continuous 

downward trend in number of symptoms was observed in both males and females over visits to 

the clinic, which was also determined to be significant (P<0.001) (Figure 3.6, C.). A continuous 

downward trend in mean number of symptoms was observed in both males and females over 

visits to the clinic in patients who completed treatment (Figure 3.6, D.). Differences in mean 

number of symptoms at each visit was determined to be significant (P<0.001) (Figure 3.6, D.) 

Females in this patient group had a greater number of symptoms in the majority of visits 

compared to males, however, differences were not significant (P=0.11) (Figure 3.6, D.). 
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Figure 3.6: Mean number of symptoms over visits to the US Lyme disease clinic in; A. patients 
with short duration treatment (F=12, M=12), B. patients ongoing treatment <1 year (F=16, 
M=13), C. patients ongoing treatment >1 year (F=42, M=15), and D. patients who completed 
treatment (F=41, M=24) at the US Lyme disease clinic.  
 
 
3. 4. 0 Effect of treatment on specific symptoms  

 In order to determine if 43 total symptoms from 13 body systems were 

differentially affected by treatment, change in number of patients (N=175) who had each 

symptom before and after the start or completion of treatment was calculated. Out of 43 

symptoms, 26 symptoms responded highly to treatment (Δ > 20 patients), 9 symptoms 

responded moderately to treatment (Δ 10-20 patients), 8 symptoms slightly responded to 

treatment (Δ 1-9 patients), no symptoms failed to respond to treatment (Δ 0 patients), and 1 

symptom got worse after the start or completion of treatment (Δ + patients) (Figure 3.7).  

 

 

The five most commonly observed symptoms were highly responsive (Δ > 20 patients) to 

treatment at the clinic (Figure 3.9).  
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Figure 3.7: Change in number of patients (N=175) within all patient groups, that had the most 
commonly observed symptoms before and after the start or completion of treatment at the US 
Lyme disease clinic. 
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Figure 3.8: Percentage of symptoms in each body system that responded highly (Δ > 20 
patients), moderately (Δ 10-20 patients), slightly (Δ 1-9 patients), no response (Δ 0 patients), or 
a worse (Δ + patients) response in patients before and after the start or completion of 
treatment in patients with two or more consultations (N=175) at the US Lyme disease clinic. 

 

In the symptom category of “general wellness”, all symptoms were observed to be 

highly responsive to treatment at the clinic (Δ > 20 patients) (Figure 3.8, A.).  The majority of 

symptoms in the “digestion” symptom category were observed be highly responsive to 

treatment (Δ > 20 patients), while one symptom was observed to only respond slightly to 

treatment (Δ 1-9 patients) (Figure 3.8, B.) Symptoms in the “heart” symptom category, were 

observed to be highly or moderately responsive to treatment (Δ > 20 patients or Δ 10- 20 

patients) (Figure 3.8 C.). All symptoms in the symptom category “vision” were observed to be 

highly responsive to treatment (Δ > 20 patients) (Figure 3.8, D.). In the “urinary” symptom 

category, the majority of symptoms were observed to be highly or moderately responsive to 

treatment (Δ > 20 patients or Δ 10- 20 patients), while one symptom was observed to only 

slightly respond to treatment (Δ 1- 9 patients) (Figure 3.8, E.). All symptoms in the “respiratory” 

symptom category were highly responsive to treatment (Δ > 20 patients) (Figure 3.8, F.). 

Similarly, all symptoms in the “thyroid” symptom category were observed to either highly 

0% 20% 40% 60% 80% 100%

General wellness
Vision

Digestion
Heart

Urinary
Thyroid

Skin
Respiratory

Blood
Neurological

Ear, nose, throat
Muscle, joint, bone

Psychiatric

Percentage of symptoms

Bo
dy

 sy
st

em Much better

Moderately better

Slightly better

Same

Worse

High response 
 Moderate response 
 Slight response 
 No response 
 Worse response 
 



 33 

respond or moderately respond to treatment (Δ > 20 patients or Δ 10- 20 patients) at the clinic 

(Figure 3.8, G.). In the “skin” symptoms category, one symptom was highly responsive to 

treatment (Δ > 20 patients) while the others only slightly responded (Δ 1- 9 patients) (Figure 

3.8, H.). In the “neurological” symptom category, symptoms were either highly responsive (Δ > 

20 patients) to treatment or moderately responsive (Δ 10- 20 patients) (Figure 3.8, I.). In the 

“muscle, joint and bone” category, the majority of symptoms were highly responsive (Δ > 20 

patients) to treatment, while one symptom was only slightly responsive (Δ 1- 9 patients) (Figure 

3.8, J.). In the “blood” symptom category, some symptoms were moderately or slightly 

responsive to treatment (Δ 10- 20 patients or Δ 1- 9 patients), while one symptom was 

observed to get worse (Δ + patients) (Figure 3.8, K.). In the “nose, ears and throat” symptom 

category all symptoms were moderately responsive to treatment (Figure 3.8, L.). In the 

“psychiatric” symptom category, symptoms were either highly or moderately responsive to 

treatment (Δ > 20 patients or Δ 10- 20 patients) (Figure 3.8, M.).  
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Figure 3.9: Change in number of patients (N=175) within all patient groups, that had symptoms 
in; A. general, B. digestion, C. heart, D. vision, E. urinary, F. respiratory, G. thyroid, H. skin, I. 
neurological, J. muscle, joint and bones, K. blood, L. ears, nose and throat, and M. psychiatric 
symptom categories before and after the start or completion of treatment at the US Lyme 
disease clinic. 
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4.0 Discussion   
 

This study focused on determining the responses of Lyme disease patients with a clinical 

diagnosis of chronic Lyme disease to a treatment regimen based on ILADS treatment guidelines. 

Patients included in this study either had not been treated for tick-vectored diseases or 

antibiotic treatment of short duration had taken place but wellness had not been restored to 

the patient’s satisfaction. As an alternative to treatment regimens offered in Canada, which are 

generally based on the IDSA treatment guidelines, some Canadian patients seek treatment 

regimens based on ILADS treatment guidelines, which are more readily available in the United 

States than in Canada (Beaudreau et al.). In this study, patient outcomes for 210 Canadian 

patients seeking treatment at a single specialized Lyme disease medical clinic in the United 

States that offers treatment following the ILADS treatment guidelines, from 2008 to August 

2019, were evaluated. Patient outcomes were determined by compiling the number and type 

of symptoms reported by each patient at each visit to the clinic. It was found that 201  of 210 

patients in this study responded positively to treatment with significant decreases in number 

symptoms over time.  

 

4.1.0 Patients overall response to treatment  

After calculating the change in number of symptoms patients had at their initial and 

most recent visit to the clinic, the majority of patients were found to respond positively to 

treatment and symptoms significantly decreased through time. There was a significant decrease 

in number of symptoms over visits to the clinic in each of the patient groups with more than 

one consultation. In each of the patient groups, the average number of symptoms decreased to 

approximately 5 symptoms at last or most recent visit to the clinic; no patients reported zero 

symptoms at completion of treatment. Additionally, in this study there were 4.3% of patients, 5 

females and 3 males, who got worse after the start of treatment. This might be attributed to 

variability in the progression of the illness, treatment side effects, pre-existing comorbidities or 

new conditions.  

As this was a retrospective patient outcome study, there was no control patient 

population that was untreated so it is not formally possible to distinguish the possibility that 
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treatment was responsible for the reduction in symptoms as opposed to symptoms resolving 

over time. Although relatively few studies monitor disease progression in known but untreated 

Lyme disease patients, one study, looking at 13 untreated Lyme disease patients with persistent 

symptoms for greater than 12 weeks, found that patients continued to have symptoms with no 

relief for a period of 3 months to 5 years after initial onset of symptoms (Aucott et al. 2012). In 

another study looking at 55 untreated Lyme disease patients with persistent symptoms for an 

average of 6 years, it was found that 80% of the patients in this cohort, experienced continual 

symptoms over time (Steere 1987). These findings support the widely accepted observation 

that, if left untreated, Lyme disease will continue to cause multisystem manifestations in 

patients that will not be resolved without intervention.  

In patients with short duration treatment and patients who were ongoing treatment at 

the clinic for <1 year, the majority of these patients moderately responded (Δ 1- 9 symptoms) 

to treatment, while a smaller percentage of patients in this group were high responders (Δ > 10 

symptoms). When comparing these results to the patient group who had been undergoing 

treatment for >1 year at the clinic and the patient group that completed treatment, it was 

found that a greater percentage of patients in these groups were high responders (Δ > 10 

symptoms). It is difficult, however, to make general comparisons between the groups due to 

differences in number of patients between the groups (Short duration treatment group, N= 24; 

ongoing treatment <1 year group, N= 29; ongoing treatment >1 year group, N= 57; completed 

treatment group, N=65). Further, patients will have had a different number and type of 

symptoms at their initial visit to the clinic, which would necessarily affect or alter the number of 

symptoms that could change over time and treatment. However, with these caveats, the results 

presented here indicate that longer treatment durations with the protocol used at this clinic 

may have better symptom outcomes compared to shorter treatment durations.  

When comparing the results of this study to previous studies that used similar 

treatment regimens, comparable results were observed. A study conducted in 1997 on 277 

Lyme disease patients using long-term tetracycline therapy found a larger percentage of 

patients whose conditions improved after longer durations of the treatment compared at their 

state at earlier on in the treatment (Donta 1997). Similarly, a study comparing results from a 
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group of 30 Lyme disease patients treated with antibiotics for 14 days and a group of 30 Lyme 

disease patients treated with antibiotics for 100 days, found that a greater percentage of 

patients showed good or excellent treatment response in the group of patients treated for 100 

days with a low rate of clinical relapse compared to the group of patients treated for 14 days 

(Oksi et al. 1998).  

 

4.2.0 Gender-based differences in presentation and recovery 

In this study, there were more females than males seeking treatment. On average, 

females in these two groups had a greater mean number of symptoms at each visit to the clinic 

although, the difference between genders was not significant. The Public Health Agency of 

Canada (PHAC) and other public health agencies report a greater percentage of males with 

Lyme disease than females (Gasmi et al. 2017). It has been found, however, that males are 

more likely to present with positive Lyme disease test results compared to females (Lee-

Lewandrowski et al. 2019), which might lead to under-detection of Lyme disease in females, 

leading to earlier and more successful treatment. There is also extensive literature that 

indicates that females are more likely to seek healthcare than males (Bertakis et al. 2000; 

Verhaak et al. 2005; Thompson et al. 2016). Jarefors (2006) found that females with Lyme 

disease had significantly higher spontaneous secretions of cytokines compared to males, which 

is indicative of a greater inflammatory response and potentially inflammation-related 

symptoms. An intensified inflammatory response to B. burgdorferi may also influence the 

female response to treatment. The gender-based differences in the patient population 

presenting with chronic Lyme disease is deserving of wider and further study.  

Females were not only presenting at the clinic in greater numbers than males, it was 

also observed that females appeared to respond better to treatment. A greater percentage of 

females were high responders compared to males in each patient group of this study, with the 

caveat that males were under-represented in this study and the sample size for both genders is 

relatively low. This finding differed from previous studies, where females were found to be less 

likely to respond positively to long-term treatment compared to males (Donta 1997). Not 

withstanding this difference, males and females were approximately equally represented in the 
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group of patients with short duration treatment and in the group of patients with ongoing 

treatment <1 year at the clinic. In the patients who had completed treatment at the clinic, 

similar results were observed compared to patients ongoing treatment >1 year at the clinic. 

Further, trends in number of symptoms over visits at the clinic were similar in in both males and 

females.  

 

4.3.0 Response to treatment at the body systems level  

The most commonly observed symptoms of the patients in this study included back 

pain, dizziness, fatigue, muscle pain and weakness in the extremities. This finding corresponds 

with those in other studies; fatigue, joint pain, difficulty in focusing, muscle pain and memory 

were rated among the most severe in a cohort of Lyme disease patients (Rebmen 2020). After 

calculating the change in number of patients with each symptom before and after treatment, it 

was found that the majority of symptoms improved in most of the symptom categories, 

including among the most commonly observed symptoms. One exception to the overall general 

improvement was in the In the “blood” symptom category, the symptoms “lumps and 

swelling”, which was reported by a greater number of patients during or at completion of 

treatment compared to the initial visit. Lumps and swelling may be an adverse effect to the 

treatment regimen or this may be a result of the natural progression of the illness. It has been 

found that B. burgdorferi may accumulate in the lymph nodes as an evasion strategy when 

confronted with hostile environments such as antibiotic pressures inside the host (Tunev et al. 

2011). Accumulation in the lymph nodes may cause swelling and lumps, therefore this 

symptom may be attributed to the use of antibiotics. In all cases, it is important to note that 

these are averages and don’t represent the experiences of every patient or their state of 

wellness at all times, merely those at the time they reported the symptoms.  

 
To extend this study, it would be valuable to obtain the perspective and experiences of 

patients with their treatment at this Lyme disease clinic and other healthcare providers. 

Additionally, in order to assess both the accuracy of diagnosis and the efficacy of the treatment 

regimen, culture of Borrelia could be attempted from a subset of Lyme disease patients at the 

clinic from each of the patient groups.  It would also be valuable to follow the patients at this 
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clinic over a number of years following treatment completion to assess the stability and 

completion of their recovery.  

 
4.4.0 Limitations of the study 
 

In this study, as in most treatment outcome studies, the patient population is diverse. 

Lyme disease affects all ages and genders (Johnson et al. 2018) and retrospective cohort studies 

are additionally limited in the level of control the researchers have over variables that are 

measured (Sedgwick 2014). Heterogeneity can exist in severity of the disease among different 

individuals, which may impact both the patient’s relative adherence and responses to 

treatment. Similarly, patients’ background, prior healthcare and comorbidities will affect their 

health. Further, patients may have different levels of vulnerability to adverse side effects from 

the treatment. Finally, In Lyme disease, delays in diagnosis would also have a significant impact 

on disease severity and response to treatment (Johnson et al. 2018). To, marginally, counter 

this heterogeneity, this study was conducted on patients seeking treatment from only one US 

Lyme disease clinic and patients were treated by only one physician at the clinic, nevertheless, 

patient treatment varied by patient so this also introduces variability in response. Additionally, 

all data used in this study was primarily patient reported and there is a level of subjectivity that 

should be considered that would be expected to add to variability. The influence of these 

factors, in particular in whether the results of this study can be extended to other Lyme disease 

patients undergoing similar treatment regimens elsewhere, is an important area requiring 

further study.  

 
4.5.0 Conclusions and significance of the research project  

 

Ongoing disputes within the medical community concerning most aspects of Lyme 

disease have resulted in fewer studies on this illness in comparison to other infectious diseases, 

despite Lyme disease being an illness commonly observed in many regions of the world, 

(Johnson et al. 2018). The findings presented in this study show that treatment at this Lyme 

disease clinic in the USA was effective in relieving symptoms in Canadian patients. More 

research is needed on patient responses to treatment following both of the treatment 
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guidelines developed to help best guide physician’s treatment regimens. This study provides 

insight into the response of a cohort of Lyme disease patients treated following ILADS 

treatment guidelines as practiced by one physician. In the future, this and related studies may 

help to guide physicians to providing the most effective care for their patients. The lack of this 

information has resulted in uncertainty for both patients and those treating them (Rebmen 

2020), a situation that needs to be resolved as the number of infections increase. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 42 

5.0 References  

Aaberg, T. M. (1989) The Expanding Ophthalmologic Spectrum of Lyme Disease. American 
Journal of Ophthalmology. 107, 77–80  

Anguita, J., Ramamoorthi, N., Hovius, J. W. R., Das, S., Thomas, V., Persinski, R., Conze,
 D., Askenase, P. W., Rincón, M., Kantor, F. S., and Fikrig, E. (2002) Salp15,
 an ixodes scapularis salivary protein, inhibits CD4(+) T cell activation. Immunity. 16,
 849–859  
Aoki, S. K., and Holland, P. V. (1989) Lyme disease—another transfusion risk? Transfusion. 29,
 646–650  
Asbrink, E., and Hovmark, A. (1988) Early and late cutaneous manifestations in Ixodes-born
 borreliosis (erythema migrans borreliosis, Lyme borreliosis). Ann. N. Y. Acad. Sci. 539,
 4–15  
Asch, E. S., Bujak, D. I., Weiss, M., Peterson, M. G., and Weinstein, A. (1994) Lyme disease: an
 infectious and postinfectious syndrome. J. Rheumatol. 21, 454–461 
Aucott, J. N., Seifter, A., and Rebman, A. W. (2012) Probable late lyme disease: a variant
 manifestation of untreated Borrelia burgdorferi infection. BMC Infect Dis. 12, 173 
Barone, S. R., Bohrer, S. S., and Erhardt, W. A. (2002) Parental Knowledge of and Attitudes
 Toward LYMErix (Recombinant Osp A Lyme Vaccine). Clin Pediatr (Phila). 41, 33–36   
Battafarano, D. F., Combs, J. A., Enzenauer, R. J., and Fitzpatrick, J. E. (1993) Chronic septic
 arthritis caused by Borrelia burgdorferi. Clin. Orthop. Relat. Res. 13, 512-520 
Bayer, M. E., Zhang, L., and Bayer, M. H. (1996) Borrelia burgdorferi DNA in the urine of
 treated patients with chronic Lyme disease symptoms. A PCR study of 97
 cases. Infection. 24, 347–353  
Berglund, J., Stjernberg, L., Ornstein, K., Tykesson-Joelsson, K., and Walter, H. (2002) 5-y Follow
 up study of patients with neuroborreliosis. Scand. J. Infect. Dis. 34, 421–425 
Berndtson, K. (2013) Review of evidence for immune evasion and persistent infection in Lyme
 disease. Int J Gen Med. 6, 291–306  
Bertakis, K. D., Azari, R., Helms, L. J., Callahan, E. J., and Robbins, J. A. (2000) Gender Differences
 in the Utilization of Health Care Services. Journal of Family Practice. 49, 147–147 
 
Bockenstedt, L. K., Mao, J., Hodzic, E., Barthold, S. W., and Fish, D. (2002) Detection of
 Attenuated, Noninfectious Spirochetes in Borrelia burgdorferi–Infected Mice after
 Antibiotic Treatment. The Journal of Infectious Diseases. 186, 1430-1437  
Boltri, J. M., Hash, R. B., and Vogel, R. L. (2002) Patterns of Lyme disease diagnosis and
 treatment by family physicians in a southeastern state. J Community Health. 27, 395
 402  
Boudreau, C. R., Lloyd, V. K., and Gould, O. N. (2018) Motivations and Experiences of
 Canadians Seeking Treatment for Lyme Disease Outside of the Conventional Canadian
 Health-Care System. J Patient Exp. 5, 120–126 
Breier, F., Khanakah, G., Stanek, G., Kunz, G., Aberer, E., Schmidt, B., and Tappeiner, G. (2001)  

Isolation and polymerase chain reaction typing of Borrelia afzelii from a skin lesion in a
 seronegative patient with generalized ulcerating bullous lichen sclerosus et atrophicus.
 British Journal of Dermatology. 144, 387–392 



 43 

Burgdorfer, W., Barbour, A.G., Hayes, S.F., Benach, J.L., Grunwaldt, E., and Davis, J.P. 1982.
 Lyme disease-a tick-borne spirochetosis? Science 216(4552): 1317–1319.  
 
Cadavid, D., O’Neill, T., Schaefer, H., and Pachner, A. R. (2000) Localization of Borrelia
 Burgdorferi in the Nervous System and Other Organs in a Nonhuman Primate Model of
 Lyme Disease. Lab Invest. 80, 1043–1054  
Cairns, V., and Godwin, J. (2005) Post-Lyme borreliosis syndrome: a meta-analysis of reported
 symptoms. Int J Epidemiol. 34, 1340–1345  
Cameron, D. J. (2009) Insufficient evidence to deny antibiotic treatment to chronic Lyme
 disease patients. Medical Hypotheses. 72, 688–691  
Cameron, D. (2008) Severity of Lyme disease with persistent symptoms. Insights from a double
 blind placebo-controlled clinical trial. Minerva Med. 99, 489–496 
Cameron, D. J., Johnson, L. B., and Maloney, E. L. (2014) Evidence assessments and guideline
 recommendations in Lyme disease: the clinical management of known tick bites,
 erythema migrans rashes and persistent disease. Expert Rev Anti Infect Ther. 12, 1103
 1135  
Cnaan, A., Laird, N. M., and Slasor, P. (1997) Using the general linear mixed model to analyse
 unbalanced repeated measures and longitudinal data. Statistics in Medicine. 16, 2349
 2380 
Dammin, G. J. (1989) Erythema Migrans: A Chronicle. Rev Infect Dis. 11, 142–151  
Dellasala, D., Middelveen, M., Liegner, K. B., and Luche-Thayer, J. (2017) Lyme Disease
 Epidemic Increasing Globally Due to Climate Change and Human Activities. In
 Reference Module in Earth Systems and Environmental Sciences 3, 29 
Donta, S. T. (1997) Tetracycline Therapy for Chronic Lyme Disease. CLIN INFECT DIS. 25, S52
 S56 
Forrester, J. D., Meiman, J., Mullins, J., Nelson, R., Ertel, S.-H., Cartter, M., Brown, C.
 M., Lijewski, V., Schiffman, E., Neitzel, D., Daly, E. R., Mathewson, A. A., Howe, W.,
 Lowe, L. A., Kratz, N. R., Semple, S., Backenson, P. B., White, J. L., Kurpiel, P. M.,
 Rockwell, R., Waller, K., Johnson, D. H., Steward, C., Batten, B., Blau, D., DeLeon
 Carnes, M., Drew, C., Muehlenbachs, A., Ritter, J., Sanders, J., Zaki, S. R., Molins,
 C., Schriefer, M., Perea, A., Kugeler, K., Nelson, C., Hinckley, A., and Mead, P. (2014)
 Update on Lyme Carditis, Groups at High Risk, and Frequency of Associated Sudden
 Cardiac Death — United States. MMWR Morb Mortal Wkly Rep. 63, 982–983  
Frey, M., Jaulhac, B., Piemont, Y., Marcellin, L., Boohs, P. M., Vautravers, P., Jesel, M., Kuntz, J.
 L., Monteil, H., and Sibilia, J. (1998) Detection of Borrelia burgdorferi DNA in muscle of
 patients with chronic myalgia related to Lyme disease. Am. J. Med. 104, 591–594 
 Gasmi, S., Ogden, N., Lindsay, L., Burns, S., Fleming, S., Badcock, J., Hanan, S., Gaulin, C.,
 Leblanc, M., Russell, C., Nelder, M., Hobbs, L., Graham-Derham, S., Lachance, L., Scott,
 A., Galanis, E., and Koffi, J. (2017) Surveillance for Lyme disease in Canada:2009
 2015. Can Commun Dis Rep. 43, 194–199  
Honegr, K., Hulínská, D., Beran, J., Dostál, V., Havlasová, J., and Cermáková, Z. (2004) Long term
 and repeated electron microscopy and PCR detection of Borrelia burgdorferi sensu lato
 after an antibiotic treatment. Cent. Eur. J. Public Health. 12, 6–11 



 44 

Jacobs, J. C. (1997) Persistence of Borrelia burgdorferi in Experimentally Infected Dogs after
 Antibiotic Treatment. Clin Pediatr (Phila). 36, 307–307  
Jarefors, S., Bennet, L., You, E., Forsberg, P., Ekerfelt, C., Berglund, J., and Ernerudh, J. (2006)
 Lyme borreliosis reinfection: might it be explained by a gender difference in immune
 response? Immunology. 118, 224–235 
Johnson, L., Shapiro, M., and Mankoff, J. (2018) Removing the Mask of Average Treatment
 Effects in Chronic Lyme Disease Research Using Big Data and Subgroup Analysis.
 Healthcare (Basel). 35, 12-22  
Klempner, M. S. (2002) Controlled trials of antibiotic treatment in patients with post-treatment
 chronic Lyme disease. Vector Borne Zoonotic Dis. 2, 255–263 
Lebech, A.-M. (2002) Polymerase chain reaction in diagnosis of Borrelia burgdorferi infections
 and studies on taxonomic classification. APMIS Suppl. 29, 295-307  
 Lee-Lewandrowski, E., Chen, Z., Branda, J., Baron, J., and Kaufman, H. W. (2019) Laboratory
 Blood-Based Testing for Lyme Disease at a National Reference Laboratory A 7-Year
 Experience (2010-2016). Am J Clin Pathol. 152, 91–96 
Li, S., Gilbert, L., Vanwambeke, S. O., Yu, J., Purse, B. V., and Harrison, P. A. (2019) Lyme
 Disease Risks in Europe under Multiple Uncertain Drivers of Change. Environ
 Health Perspect. 127, 067010  
Lloyd, V. K., and Hawkins, R. G. (2018) Under-Detection of Lyme Disease in Canada.
 Healthcare (Basel). 6, 25 
Logigian, E. L., Kaplan, R. F., and Steere, A. C. (1990) Chronic Neurologic Manifestations of
 Lyme Disease. New England Journal of Medicine. 323, 1438–1444  
Maloney, E. L. (2009) The Need for Clinical Judgment in the Diagnosis and Treatment of Lyme
 Disease. 14, 8  
Marques, A. R. (2015) Laboratory Diagnosis of Lyme Disease: Advances and
 Challenges. Infectious Disease Clinics. 29, 295–307  
Masuzawa, T. (2004) Terrestrial distribution of the Lyme borreliosis agent Borrelia
 burgdorferi sensu lato in East Asia. Japanese journal of infectious diseases. 57, 229–235  
Middelveen, M. J., Burke, J., Sapi, E., Bandoski, C., Filush, K. R., Wang, Y., Franco, A., Timmaraju,
 A., Schlinger, H. A., Mayne, P. J., and Stricker, R. B. (2015) Culture and identification of
 Borrelia spirochetes in human vaginal and seminal secretions. F1000Res. 233, 91-110 
Middelveen, M. J., Sapi, E., Burke, J., Filush, K. R., Franco, A., Fesler, M. C., and Stricker, R. B.
 (2018) Persistent Borrelia Infection in Patients with Ongoing Symptoms of Lyme Disease.
 Healthcare (Basel). 84, 102-121 
Moore, K.S. 2015. Lyme Disease: Diagnosis, Treatment Guidelines, and Controversy. The
 Journalfor Nurse Practitioners. 11(1): 64-69 
Nadelman, R. B., Horowitz, H. W., Hsieh, T., Wu, J. M., Aguero-Rosenfeld, M. E., Schwartz, I.,
 Nowakowski, J., Varde, S., and Wormser, G. P. (1997) Simultaneous Human Granulocytic
 Ehrlichiosis and Lyme Borreliosis. New England Journal of Medicine. 337, 27–30 
Nigrovic, L. E., and Thompson, K. M. (2007) The Lyme vaccine: a cautionary
 tale. Epidemiology & Infection. 135, 1–8  
Ogden, N. H., Lindsay, L. R., Hanincová, K., Barker, I. K., Bigras-Poulin, M., Charron, D.
 F., Heagy, A., Francis, C. M., O’Callaghan, C. J., Schwartz, I., and Thompson, R. A. (2008)
 Role of Migratory Birds in Introduction and Range Expansion of Ixodes scapularis Ticks



 45 

 and of Borrelia burgdorferi and Anaplasma phagocytophilum in Canada. Appl. Environ.
 Microbiol. 74, 1780–1790  
Ogden, N. H., Lindsay, L. R., Morshed, M., Sockett, P. N., and Artsob, H. (2009) The
 emergence of Lyme disease in Canada. CMAJ. 180, 1221–1222  
Oksi, J., Marjamäki, M., Nikoskelainen, J., and Viljanen, M. K. (1999) Borrelia burgdorferi
 detected by culture and PCR in clinical relapse of disseminated Lyme borreliosis. Ann.
 Med. 31, 225–232  
Oksi, J., Nikoskelainen, J., and Viljanen, M. K. (1998) Comparison of Oral Cefixime and
 Intravenous Ceftriaxone followed by Oral Amoxicillin in Disseminated Lyme Borreliosis.
 European Journal of Clinical Microbiology & Infectious Diseases. 17, 715–719 
Oliver, J. H., Owsley, M. R., Hutcheson, H. J., James, A. M., Chen, C., Irby, W. S., Dotson, E.
 M., and McLain, D. K. (1993) Conspecificity of the ticks Ixodes scapularis and
 I. dammini (Acari: Ixodidae). J. Med. Entomol. 30, 54–63  
Persing, D. H., Rutledge, B. J., Rys, P. N., Podzorski, D. S., Mitchell, P. D., Reed, K. D., Liu,
 B., Fikrig, E., and Malawista, S. E. (1994) Target imbalance: disparity of Borrelia
 burgdorferi genetic material in synovial fluid from Lyme arthritis patients. J. Infect.
 Dis. 169, 668–672  
Picken, M. M., Picken, R. N., Han, D., Cheng, Y., Ruzic-Sabljic, E., Cimperman, J., Maraspin,
 V., Lotric-Furlan, S., and Strle, F. (1997) A two year prospective study to compare culture
 and polymerase chain reaction amplification for the detection and diagnosis of Lyme
 borreliosis. Mol Pathol. 50, 186–193  
Preac-Mursic, V., Weber, K., Pfister, H. W., Wilske, B., Gross, B., Baumann, A., and Prokop, J.
 (1989) Survival of Borrelia burgdorferi in antibiotically treated patients with Lyme
 borreliosis. Infection. 17, 355–359  
Priem, S., Burmester, G. R., Kamradt, T., Wolbart, K., Rittig, M. G., and Krause, A. (1998)
 Detection of Borrelia burgdorferi by polymerase chain reaction in synovial membrane,
 but not in synovial fluid from patients with persisting Lyme arthritis after antibiotic
 therapy. Ann. Rheum. Dis. 57, 118–121  
Ramamoorthi, N., Narasimhan, S., Pal, U., Bao, F., Yang, X. F., Fish, D., Anguita, J., Norgard,
 M. V., Kantor, F. S., Anderson, J. F., Koski, R. A., and Fikrig, E. (2005) The Lyme
 disease agent exploits a tick protein to infect the mammalian host. Nature. 436, 573
 -577  
Randolph, S. E. (2004) Tick ecology: processes and patterns behind the epidemiological risk
 posed by ixodid ticks as vectors. Parasitology. 129 Suppl, S37-65  
Rebman, A. W., and Aucott, J. N. (2020) Post-treatment Lyme Disease as a Model for Persistent
 Symptoms in Lyme Disease. Front Med (Lausanne). 51, 23-51 
Rebman, A. W., Soloski, M. J., and Aucott, J. N. (2015) Sex and gender impact lyme disease
 immunopathology, diagnosis and treatment. Sex and Gender Differences in Infection and
 Treatments for Infectious Diseases. 38, 231-251 
Rudenko, N., Golovchenko, M., Grubhoffer, L., and Oliver, J. H. (2011) Updates on Borrelia
 burgdorferi sensu lato complex with respect to public health. Ticks Tick Borne Dis. 2,
 123–128 
Rudenko, N., Golovchenko, M., Kybicova, K., and Vancova, M. (2019) Metamorphoses of Lyme
 disease spirochetes: phenomenon of Borrelia persisters. Parasit Vectors. 34, 120-142 



 46 

Sapi, E., Bastian, S. L., Mpoy, C. M., Scott, S., Rattelle, A., Pabbati, N., Poruri, A., Burugu, D.,
 Theophilus, P. A. S., Pham, T. V., Datar, A., Dhaliwal, N. K., MacDonald, A., Rossi, M.
 J., Sinha, S. K., and Luecke, D. F. (2012) Characterization of biofilm formation by
 Borrelia burgdorferi in vitro. PLoS ONE. 7, e48277  
Sedgwick, P. (2014) Retrospective cohort studies: advantages and disadvantages. BMJ. 53, 12
 25 
Sperling, J. L. H., and Sperling, F. A. H. (2009) Lyme Borreliosis in Canada: Biological
 Diversity and Diagnostic Complexity from an Entomological Perspective. cent. 141,
 521–549  
Stafford, K. C., Cartter, M. L., Magnarelli, L. A., Ertel, S.-H., and Mshar, P. A. (1998)
 Temporal Correlations between Tick Abundance and Prevalence of Ticks Infected with
 Borrelia burgdorferi and Increasing Incidence of Lyme Disease. J Clin Microbiol. 36,
 1240–1244  
Stanek, G., and Reiter, M. (2011) The expanding Lyme Borrelia complex—clinical significance
 of genomic species? Clinical Microbiology and Infection. 17, 487–493  
Steere, A. C. (1989) Lyme disease. N. Engl. J. Med. 321, 586–596  
Steere, A. C. (1987) The Clinical Evolution of Lyme Arthritis. Ann Intern Med. 107, 725 
Steere, A. C., Coburn, J., and Glickstein, L. (2004) The emergence of Lyme disease. J Clin
 Invest. 113, 1093–1101  
Steere, A. C., Hutchinson, G. J., Rahn, D. W., Sigal, L. H., Craft, J. E., DeSanna, E. T.,
 and Malawista, S. E. (1983) Treatment of the early manifestations of Lyme disease. Ann.
 Intern. Med. 99, 22–26  
Steere, A. C., Malawista, S. E., Snydman, D. R., Shope, R. E., Andiman, W. A., Ross, M. R., and
 Steele, F. M. (1977) Lyme arthritis: an epidemic of oligoarticular arthritis in children and
 adults in three connecticut communities. Arthritis Rheum. 20, 7–17  
Steere AC, Malawista SE, Newman JH, Spieler PN, Bartenhagen NH. (1980) Antibiotic therapy
 in Lyme disease. Ann Intern Med.91, 1-8.  
Stoodley, P., Wilson, S., Hall-Stoodley, L., Boyle, J. D., Lappin-Scott, H. M., and Costerton, J.
 W. (2001) Growth and detachment of cell clusters from mature mixed-species
 biofilms. Appl. Environ. Microbiol. 67, 5608–5613  
Stricker, R. (2007) Counterpoint: Long-Term Antibiotic Therapy Improves Persistent Symptoms
 Associated with Lyme Disease. Clinical Infectious Diseases. 45, 149- 157  
Stricker R. B. (2020) Lyme Disease Prevalence: Does Sex Matter? LymeDisease.org. 
Stricker, R. B., and Johnson, L. (2007) Lyme disease: a turning point. Expert Review of Anti
 infective Therapy. 5, 759–762  
Stricker, R. B., and Middelveen, M. J. (2015) Sexual transmission of Lyme disease: challenging
 the tickborne disease paradigm. Expert Review of Anti-infective Therapy. 13, 1303–1306 
 Strle, F., Wormser, G. P., Mead, P., Dhaduvai, K., Longo, M. V., Adenikinju, O., Soman,
 S., Tefera, Y., Maraspin, V., Lotrič-Furlan, S., Ogrinc, K., Cimperman, J., Ružić-Sabljić,
 E., and Stupica, D. (2013) Gender Disparity between Cutaneous and Non-Cutaneous
 Manifestations of Lyme Borreliosis. PLoS One. 42, 152-163 
Sultan, S. Z., Manne, A., Stewart, P. E., Bestor, A., Rosa, P. A., Charon, N. W., and Motaleb, M.
 A. (2013) Motility Is Crucial for the Infectious Life Cycle of Borrelia burgdorferi. Infect
 Immun. 81, 2012–2021  



 47 

Thompson, A. E., Anisimowicz, Y., Miedema, B., Hogg, W., Wodchis, W. P., and Aubrey-Bassler,
 K. (2016) The influence of gender and other patient characteristics on health care
 seeking behaviour: a QUALICOPC study. BMC Family Practice. 17, 38 
Tilly, K., Rosa, P. A., and Stewart, P. E. (2008) Biology of Infection with Borrelia
 burgdorferi. Infectious Disease Clinics of North America. 22, 217–234  
Tunev, S. S., Hastey, C. J., Hodzic, E., Feng, S., Barthold, S. W., and Baumgarth, N. (2011)
 Lymphoadenopathy during Lyme Borreliosis Is Caused by Spirochete Migration-Induced
 Specific B Cell Activation. PLoS Pathog. 56, 102-124 
Waddell, L. A., Greig, J., Lindsay, L. R., Hinckley, A. F., and Ogden, N. H. (2018) A systematic
 review on the impact of gestational Lyme disease in humans on the fetus and
 newborn. PLoS One. 43, 132-147 
Verhaak, P. F. M., Heijmans, M. J. W. M., Peters, L., and Rijken, M. (2005) Chronic disease and
 mental disorder. Soc Sci Med. 60, 789–797 
Walter, K. S., Carpi, G., Caccone, A., and Diuk-Wasser, M. A. (2017) Genomic insights into the
 ancient spread of Lyme disease across North America. Nat Ecol Evol. 1, 1569–1576 
Wormser, G. P., Dattwyler, R. J., Shapiro, E. D., Halperin, J. J., Steere, A. C., Klempner, M. S.,
 Krause, P. J., Bakken, J. S., Strle, F., Stanek, G., Bockenstedt, L., Fish, D., Dumler, J. S.,
 and Nadelman, R. B. (2006) The Clinical Assessment, Treatment, and Prevention of
 Lyme Disease, Human Granulocytic Anaplasmosis, and Babesiosis: Clinical Practice
 Guidelines by the Infectious Diseases Society of America. Clin Infect Dis. 43, 1089 1134  
 Wormser, G. P., Schriefer, M., Aguero-Rosenfeld, M. E., Levin, A., Steere, A. C., Nadelman, R.
 B., Nowakowski, J., Marques, A., Johnson, B. J. B., and Dumler, J. S. (2013) Single-tier
 testing with the C6 peptide ELISA kit compared with two-tier testing for Lyme
 disease. Diagn. Microbiol. Infect. Dis. 75, 9–15  
Zeileis, A., Kleiber, C., and Jackman, S. (2008) Regression Models for Count Data in R. J. Stat.
 Soft. 19, 2-25 
 

  
 

1.  
 


