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Abstract: Three patients with relapsing and remitting borreliosis, babesiosis, and bartonellosis,
despite extended anti-infective therapy, were prescribed double-dose dapsone combination therapy
(DDDCT) for 8 weeks, followed by one or several two-week courses of pulsed high-dose dapsone
combination therapy (HDDCT). We discuss these patients’ cases to illustrate three important variables
required for long-term remission. First, diagnosing and treating active co-infections, including Babesia
and Bartonella were important. Babesia required rotations of multiple anti-malarial drug combinations
and herbal therapies, and Bartonella required one or several 6-day HDDCT pulses to achieve clinical
remission. Second, all prior oral, intramuscular (IM), and/or intravenous (IV) antibiotics used
for chronic Lyme disease (CLD)/post-treatment Lyme disease syndrome (PTLDS), irrespective of
the length of administration, were inferior in efficacy to short-term pulsed biofilm/persister drug
combination therapy i.e., dapsone, rifampin, methylene blue, and pyrazinamide, which improved
resistant fatigue, pain, headaches, insomnia, and neuropsychiatric symptoms. Lastly, addressing
multiple factors on the 16-point multiple systemic infectious disease syndrome (MSIDS) model was
important in achieving remission. In conclusion, DDDCT with one or several 6-7-day pulses of
HDDCT, while addressing abnormalities on the 16-point MSIDS map, could represent a novel effective
clinical and anti-infective strategy in CLD/PTLDS and associated co-infections including Bartonella.

Keywords: Lyme disease; post-treatment Lyme disease syndrome (PTLDS); dapsone combination
therapy (DDSCT); double-dose dapsone combination therapy (DDDCT); high-dose dapsone
combination therapy (HDDCT); babesiosis; bartonellosis; fluorescent in situ hybridization (FISH);
persistent infection; COVID-19

1. Introduction

Lyme disease, a bacterial infection caused by Borrelia sensu lato species, is increasing
worldwide, with a prevalence rate estimated at 14.5% of the global population [1]. The
recent implementation of a revised case definition for Lyme disease by the Centers for
Disease Control and Prevention (CDC) reported that case counts are also rising in the
United States (US), where the incidence was 1.7 times the annual U.S. average in 2017-2019,
an overall 68.5% increase, rising with patient age in 2022 [2]. Finding effective solutions
for Lyme disease is paramount as the infection can result in a debilitating chronic disease
if not diagnosed and treated promptly early in the course of the illness [3]. Despite early
treatment, a significant proportion of individuals, estimated between 10 and 35% [4],
can go on to develop post-treatment Lyme disease syndrome (PTLDS) in the United
States (US) [5], an incapacitating chronic fatiguing, musculoskeletal, cardiovascular, and
neuropsychiatric illness [6]. Approximately 21% of Belgian European patients exposed
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to Lyme borreliosis (LB) and treated for disseminated Lyme disease will also develop
PTLDS [7], although exact numbers of PTLDS cases in Europe are unavailable due to
lack of a widely adopted standardized case definition for the disease [8]. In one small US
study, among those diagnosed with PTLDS, 6 months after the initial diagnosis, 20% still
complained about widespread pain, 36% reported new onset of fatigue, and 45% reported
ongoing neurocognitive difficulties, which significantly affected the quality of their lives [9].
In a larger systemic review, including 46 studies, a poorer quality of life was confirmed
in those suffering from PTLDS, with sequelae including persistent muscle and joint pain,
nerve pain (paresthesia’s), insomnia, poor appetite, and cognitive difficulties [10]. The
annual aggregate economic burden of CLD/PTLDS in the US is estimated between $345
and 968 million (2016 US dollars) [11], and in Europe (Belgium), direct and indirect costs
have been estimated at €19.4 and 151.5 million, respectively [12]. These numbers are likely
underestimating the significant societal impact of the disease since EM rashes may not
be the initial sign or symptom of early Lyme disease [13], with some studies reporting
rates of EM rashes in the CLD/PTLDS population as low as 20% [14]. Standard laboratory
testing may also miss the expanding range of Borrelia species, now associated with acute
and chronic illness, where the lack of a gold standard for diagnosing the broad range of
Borrelia species makes it difficult to produce accurate statistics [15].

To date, an estimated two million individuals in the US have been diagnosed with
PTLDS [16], but due to overlapping symptoms with myalgic encephalomyelitis (ME),
fibromyalgia (FM), and long COVID [17], which collectively affects an estimated 14% of
the United States [18-20] and up to 49% of patients in Europe [19,21,22], the prevalence
of PTLDS may be much higher. Varying case definitions, heterogeneous study design,
duration of follow-up, and differing methods of measurement make it difficult to determine
the exact magnitude of the problem [22]. Jason et al. (2022) determined that two years
after having a COVID infection, 55% still had one or more symptoms [23], and recently,
a positive correlation between COVID-19 severity and previous exposure of patients to
Borrelia species (spp.) has been reported in the literature [24]. This needs to be confirmed in
large clinical studies, especially since Borrelia has been spreading rapidly, with an estimated
global seroprevalence of 14.5% [1], while a full understanding of the pathogenesis of ME,
FM, long COVID, and chronic Lyme disease (CLD)/PTLDS is still emerging [25-29].

A multifactorial medical model, used to help diagnose and treat overlapping fac-
tors associated with CLD/PTLDS, known as multiple systemic infectious disease syn-
drome (MSIDS), correctly predicted 16/16 factors associated with long COVID, several
years before the emergence of the coronavirus pandemic [30]. Both diseases share similar
pathogenic mechanisms, where respective infections result in inflammation and immune
dysfunction [31,32] with potential endothelial dysfunction [33,34]. The 16-point MSIDS
map consists of six possible overlapping sources of inflammation that increase clinical
symptomatology, including acute/chronic bacterial, viral, parasitic (e.g., Babesia), and /or
fungal infections [30] with or without the persistence of bacterial fragments (peptidogly-
cans) [35]; abnormalities in the microbiome of the gastrointestinal (GI) tract; intestinal
hyperpermeability with food sensitivities/mast cell activation; environmental toxicity (e.g.,
mold, heavy metals, and other environmental toxins); mineral and vitamin deficiencies;
and sleep disorders/insomnia [36,37]. Downstream effects of one or multiple sources of
inflammation on the MSIDS map, due to excessive free radical/oxidative stress, include po-
tential immune dysregulation with immune deficiency and/or autoimmunity, autonomic
nervous system dysregulation with postural orthostatic tachycardia syndrome (POTS)
and dysautonomia, hormonal dysregulation (low adrenal function, low sex hormones,
and thyroid abnormalities), mitochondrial dysfunction, liver function abnormalities, re-
sistant pain syndromes, as well as neuropsychiatric (mood) and central nervous system
symptoms, including memory/concentration problems [30]. Any or all 16 factors on the
MSIDS map have been shown to be present in varying degrees in those suffering from
CLD/PTLDS [38,39]. In long COVID, we see similar overlapping causes of inflammation
and downstream effects with viral persistence and viral reactivation [40], the persistence
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of viral fragments [41,42], superimposed bacterial infections like Lyme disease [24,43],
microbiome abnormalities [44], intestinal hyperpermeability with Candida [45] with or
without mast cell activation [46], sleep disorders [47], environmental toxin exposure (air
pollution) [48], nutritional deficiencies [49], immune dysfunction [50], autoimmunity [51],
endothelial damage with micro clots [52], POTS/dysautonomia [53], hormonal dysreg-
ulation (adrenal dysfunction) [54], malfunctioning mitochondria [55], liver injury [56],
chronic pain syndromes [57], neuropsychiatric disorders [58] as well as chronic cognitive
difficulties with memory/concentration problems [59]. These have all been associated with
long COVID, i.e., infection-associated chronic illness. One primary difference in the over-
lapping MSIDS variables between the two diseases, namely CLD/PTLDS and long COVID,
apart from the infectious source driving the inflammation and immune dysfunction, is
that the endothelial dysfunction seen in long COVID results in symptomatic micro-clots
more often [60], whereas in CLD, abnormal coagulation parameters do not usually result in
symptomatic disease states [61]. Infection with Borrelia miyamotoi and/or relapsing fever
Borrelia are the exceptions as they have been reported to cause life-threatening hematologic
complications [62].

Bartonella infections also may cause overlapping symptoms seen in chronic Lyme dis-
ease/PTLDS [63], apart from co-infections with Babesia spp. [64], and Bartonella’s frequency
as an important Lyme disease-associated co-infection is being reported more frequently
in the medical literature [38,39]. Co-infections including Babesia spp. and Bartonella spp.
are known to potentially increase the severity of other tick-borne disorders like Lyme dis-
ease [65,66]. As climate change increases global temperatures, resulting in rising numbers
of vector-borne infections, including Borrelia burgdorferi and Bartonella [67], due to escalating
populations of ticks, fleas, lice, and mosquitos, previously controlled vector-borne diseases
are now resurging or resurfacing in new geographic locations, including newly identified
pathogens, adversely impacting the prevalence of chronic illnesses [68]. One of the markers
of an active infection with Bartonella, i.e., elevated levels of vascular endothelial growth
factor (VEGF) [69], has recently been found not only in those with CLD/PTLDS but also in
those suffering from long COVID [70], implying a potential overlapping role in driving
chronic symptomatology.

Recent scientific studies have strongly suggested that pulsed biofilm and persister
drug regimens, such as dapsone combination therapy, may be an effective solution for the
management of CLD/PTLDS, along with the treatment of polymicrobial infections and mul-
tiple inflammatory triggers [14,30,38,39,71-73]. Emerging research indicates that biofilms
are likely part of many, and probably most, chronic infections, providing a protected niche
for pathogenic bacteria to survive, contributing to the burden of inflammation [74]. In
our previously published research, dapsone therapy, using dapsone alone, or with combi-
nation antibiotic therapies, including a tetracycline, rifampin, and/or azithromycin, has
demonstrated efficacy against the biofilm/persister forms of Borrelia burgdorferi [75]. Each
additional intracellular antibiotic added to dapsone in culture increased the drug’s ability
to reduce the mass, viability, and protective mucopolysaccharide layers of the B. burgdorferi
biofilm [75]. The four-drug combination of dapsone, a tetracycline, rifampin, and macrolide
(azithromycin) had the most significant effect on the Borrelia biofilm, and this was the
protocol we used in our three case studies discussed here. Johns Hopkins researchers had
also published that 6 days of combination antibiotic therapy using rifampin, azithromycin,
and methylene blue were effective in killing Bartonella stationary-phase persisters, lowering
the biofilm forms of Bartonella henselae in culture [76], completely eradicating the infection.
Methylene blue was therefore added to our treatment protocol, both for its effect as a persis-
ter drug against Bartonella and Borrelia [76,77] and because of its effectiveness in lowering
methemoglobin levels, a known side effect of dapsone, where oxidative stress impairs the
oxygen-carrying capacity in the blood [78]. Finally, pyrazinamide, a tuberculosis drug used
to decrease the length of treatment of mycobacterial infections by killing non-replicating
persisters [79], was added when Bartonella was present, based on a prior published case
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study showing that the medication increased the efficacy of dapsone combination therapy
in an autoimmune patient with Behget’s disease [72].

Next-generation sequencing technologies have demonstrated that polymicrobial in-
fections are also more frequently implicated in chronic infections now, often associated
with biofilm formation, thus changing antimicrobial susceptibility patterns due to resis-
tance and tolerance mechanisms [80]. Both Borrelia burgdorferi, the agent of Lyme disease,
and Bartonella spp. have been discovered to be stationary-phase persister bacteria [81,82],
located in biofilms [77,83,84], and co-infections of these two bacteria in ticks are not only
being reported in the medical literature [85-88] but both bacteria have also been identified
as co-localizing infections that may impact the severity of the infectious process [63,89,90].
This was the circumstance with the three patient case studies we outline below, who not
only had symptoms of CLD but also active Bartonella infections, worsening their clinical
status, along with evidence of exposure to other co-infections, including Babesia spp. All
three patients also had exposure to COVID-19 during the course of their illness, along with
evidence of exposure to environmental toxins, including heavy metals and mold toxins.
Broad exposure to environmental toxins may impact susceptibility to these rising infectious
diseases by increasing inflammation, weakening the immune system, and reducing vaccine
effectiveness [91].

The three patients described in the following case presentations had a history of Lyme
disease and Bartonella and/or Babesia with multiple abnormalities on the MSIDS map,
and they finished at least one course of DDDCT. Patient 1 received one 6-day pulse of
HDDCT after 8 weeks of DDDCT and remained in full remission for 12 months, after
being ill for approximately 13 years. Patient 2, after following DDDCT, received a total of
four 4-day HDDCT pulses, followed by two 6-day HDDCT pulses during a two-year time
frame, which was completed in early January 2023, and despite being ill for over 4 years,
they went from 15-20% of normal functioning to close to 100% normal functioning two
months post treatment. Patient 3, who was ill for 15 years, after following an eight-week
DDDCT protocol in December 2020, received five four-day pulses of HDDCT during the
following two years. She gradually improved with each HDDCT pulse but did not go into
full remission (without any further Lyme and tick-borne symptoms for 3 months or longer)
until she received one 7-day course of HDDCT in 2023. She has now been in remission for
over 12 months, despite contracting COVID-19 six times during a period of three years.
A retrospective chart review of an additional 22 patients previously demonstrated that,
in total, 100% of patients improved their tick-borne symptoms post DDDCT and HDDCT
despite some having active co-infections (Babesia, Bartonella), especially if all overlapping
MSIDS variables were adequately addressed [39].

These three female patients were part of a group of 25 patients who had previously
completed the DDDCT and HDDCT protocols, outlined in our prior publication [39].
We assessed co-infection status, age, gender, length of illness, response to treatment, i.e.,
self-reported improvement in Lyme disease symptoms, and whether there was remission,
percentage improvement, or lack of response to the HDDCT protocol. Full remission in our
prior publication was defined as the resolution of all active tick-borne symptoms for at least
three months post therapy. Partial remission was defined as the resolution of all active tick-
borne symptoms for at least 6 weeks post therapy since some patients had recently finished
the HDDCT protocol. All 25 patients in our retrospective chart review met the criteria
for a clinical diagnosis of Lyme disease supported by a physician-documented erythema
migrans (EM) rash and/or positive laboratory testing, including a positive ELISA /enzyme
immunoassay (and/or C6 ELISA), immunofluorescent antibody (IFA), Centers for Disease
Control and Prevention (CDC) positive IgM and/or IgG Western blot (WB), PCR, Borrelia-
specific bands (23, 31, 34, 39, 83/93) on a WB [92,93], and/ or positive ELISpot (lymphocyte
transformation test (LTT)).

All patients signed informed consent forms that outlined the proposed benefits and
potential risks of treatment; patients volunteered to take high-dose pulsed dapsone protocol
at our medical center based on our prior research, illustrating the benefit of dapsone
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combination therapy in the treatment of CLD/PTLDS [14,38,71,73] and on the drug’s
documented action on persister bacteria in biofilms [75]. None of the patients had a
significant sulfa allergy or G-6-P-D deficiency, thus minimizing the possibility of allergic
reactions or severe hemolytic anemia secondary to dapsone. Prior to beginning HDDCT,
patients were required to have hemoglobin greater than 12 mg/dL, no active bleeding
disorders, and no contraindication or significant allergies to any of the medications or
supplements. The side effects of dapsone were explained in detail, including potential
rashes, Herxheimer reactions, anemia, and methemoglobinemia [78,94]. The patients were
asked to obtain a baseline methemoglobin level before starting DDDCT and pulsed HDDCT
to ensure that there were no significant baseline elevations due to genetic variations or other
medication interactions [95]. A complete blood count (CBC), comprehensive metabolic
profile (CMP) with electrolytes, kidney and liver function, as well as methemoglobin levels,
were obtained before, during (week 3, weekly on DDDCT and HDDCT), and post therapy
(three to four weeks, as well as eight weeks after the completion of therapy) to ensure
the reversal and normalization of any laboratory abnormalities. Healthcare staff closely
monitored laboratory test results during and after DDDCT and HDDCT, and an emergency
phone number was provided to all patients if urgent questions arose. A baseline EKG was
also required prior to starting hydroxychloroquine, azithromycin, and/or ondansetron to
rule out any associated QT prolongation [96] or arrhythmias, and patients were requested
to repeat an EKG once all medications that could prolong the QT interval were on board.

Institutional Review Board approval was not required for this study since this was a
retrospective review of a convenience sample of patient charts. A convenience sample of
25 adult patient charts out of a patient population of 50 patients who were offered HDDCT
was chosen for inclusion in our study, and the three case studies outlined in this paper were
among the 25 patients included in our prior publication [39]. We now provide a one-year
follow-up in two out of three patients in order to demonstrate the long-term efficacy of
DDDCT and HDDCT for CLD/PTLDS and associated infections, including Bartonella. A
summary table, Table 1, which provides an overview of the most important laboratory and
clinical variables that resulted in chronic illness and the number of dapsone combination
therapies required to achieve remission, can be found below.
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Table 1. Summary of Co-infection Status, MSIDS Variables, and DDDCT and HDDCT Pulses Leading to Clinical Remission.

Patient

Co-Infection Status

MSIDS Variables Affecting Treatment Outcome

Number of DDDCT Number of 4-Day

Pulses of HDDCT

Number of 6-7-Day
Pulses of HDDCT

Time in
Remission

Case 1

Babesia, Bartonella,
COVID exposure, and
Bartonella FISH+

Metabolic syndrome/hypoglycemia

Alpha-1 antitrypsin deficiency

Chronic variable immune deficiency (CVID)

Mast cell activation syndrome (MCAS)

Phase 2 adrenal dysfunction

Mycotoxins (aflatoxins, ochratoxins, trichothecenes,
and gliotoxins)

Heavy metal exposure (lead)

Postural orthostatic tachycardia syndrome
(POTS)/dysautonomia

Greater than
1 year

Case 2

Babesia, Bartonella,
COVID exposure,
Bartonella FISH+, and
Bartonella striae +

B12 and Vitamin D deficiency

Low glutathione levels

Phase 3 adrenal insufficiency

Mycotoxin exposure (trichothecenes, gliotoxins,
and zearalenone)

Borderline elevated levels of heavy

metals (aluminum)

Mild to moderate POTS/dysautonomia with vagal
dysfunction and gastroparesis

Intermittent supraventricular tachycardia (SVT)
Reactive hypoglycemia

Candida and leaky gut with multiple

food sensitivities

Possible mast cell disorder

Severe anxiety, obsessive-compulsive disorder
(OCD), paranoia, and psychosis

2 months after
the last HDDCT
pulse
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Table 1. Cont.

. . . . Number of DDDCT  Number of 4-Day Number of 6-7-Day Time in
Patient Co-Infection Status MSIDS Variables Affecting Treatment Outcome Treatments Pulses of HDDCT Pulses of HDDCT Remission
Vitamin B and Vitamin D deficiency
Mineral deficiency (iodine, iron, and zinc)
Low glutathione levels
Microbiome abnormalities
Phase 3 adrenal dysfunction
Postural orthostatic tachycardia syndrome (POTS)
. Probable mast cell activation (MCAS)
Anaplasma, Babesia,
Elevated serum heavy metals (mercury
Bartonella, .
. and aluminum)
Bartonella striae+, . . .
. . Mycotoxin exposure (ochratoxins, aflatoxins, Greater than
Case 3 relapsing fever Borrelia, 1 5 1

recurrent HSV-1,
HSV-2, and
HPV, and COVID x 6

trichothecenes, gliotoxins, and zearalenone)

Reactive hypoglycemia, insulin resistance with
polycystic ovarian syndrome (PCOS)

Candidiasis

HLA DR 4 positivity with elevated

autoimmune markers

Depression, anxiety, premenstrual dysphoric disorder
(PMDD), and Post-traumatic stress disorder (PTSD)
Chronic insomnia and restless leg syndrome
Possible mitochondrial dysfunction

1 year

Abbreviations: Multiple Systemic Infectious Disease Syndrome (MSIDS); Double-Dose Dapsone Combination Therapy (DDDCT); and High-Dose Dapsone Combination
Therapy (HDDCT).
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2. Case Presentations
2.1. Case 1

A 12-year-old white female, who was treated in our medical office with both parents’
consent, had a past medical history significant for Lyme disease, babesiosis, bartonellosis,
orthostasis with frequent syncopal episodes, elevated liver functions with probable Gilberts,
decreased ceruloplasmin and iron levels, human herpes virus 6 (HHV6), cytomegalovirus
(CMV) and Coxsackie exposure, leukopenia with frequent episodes of serious otitis and
pharyngitis with an adenoidectomy, and black mold exposure and presented to our medical
office in December 2016 for an initial history and physical examination. Her chief com-
plaints included sweats every 2 weeks, which were occasionally drenching, chills, moderate
to severe fatigue, occasional hair loss, sore throat and swollen glands every three weeks
with flareups, upset stomach with occasional constipation, rib soreness with rare chest pain,
“air hunger” with some shortness of breath, rare palpitations, joint pain in the neck, back,
and legs (calves and Achilles tendons) with associated neck cracking/stiffness, myalgias in
the arms and legs, which would come and go, twitching of the face and eyes, rare headaches,
tingling /numbness of the hands, stabbing pains in the shins and calves, occasional visual
loss with blackouts and dizziness while standing/changing position, tremors of the right
hand, moderate to severe memory concentration problems, severe brain fog, which would
come and go, reversal of letters and numbers, insomnia with difficulty falling asleep and
hypersomnia, and sleeping for 11 h without feeling refreshed. She became ill in 2010 after
being in Missouri. Her illness began 5 weeks later and required evaluation by 51 medical
doctors before she received a diagnosis of Lyme disease. At the time of her initial visit, she
had been on cefdinir 300 mg PO BID, grapefruit seed extract, clarithromycin 500 mg PO BID,
sulfamethoxazole/trimethoprim DS, and atovaquone/proguanil (Malarone) for two years
without antibiotic rotations, reporting an improvement from 5% of normal functioning
to 65% normal functioning after one month of treatment. She then plateaued without
further improvement, with flareups of significant flulike symptoms, fatigue, pain, and
brain fog every 3 weeks. She had tried amoxicillin initially, with minimal improvement,
but did have an improvement in her Babesia symptoms, with a decrease in sweats while on
atovaquone/proguanil. She needed to intermittently stop her medications secondary to
low white cell counts (leukopenia), where she would relapse and be bedbound secondary
to a flareup of her underlying symptomatology. At the time of her initial visit, she was
on herbal therapy for Lyme disease, Babesia, and Bartonella (Byron White AL, A-Bart, and
A-Bab) with Cryptolepis sanguinolenta.

Her social history was unremarkable, without any significant allergies, apart from a
possible dermatological reaction to certain sunscreens. Her family history was positive for
heart disease, thyroid cancer, and breast cancer, with one of her brothers suffering from
asthma. A review of systems was essentially negative for significant cardiovascular, pul-
monary, genitourinary, or gastrointestinal symptoms, although she had been hospitalized at
8 years old for significant elevations in liver functions and required a liver biopsy, without
receiving a firm diagnosis as the cause of her elevated transaminases. She still complained
about chills, occasional visual blackouts with dizziness while standing, syncope x 3, easy
bruising, significant fatigue, joint pain in the neck, back, and lower extremities, occasional
headaches, and significant memory/concentration problems. A physical examination
revealed a well-developed and well-nourished 12-year-old white female in no apparent
distress. She was 52" tall, 87 pounds, and afebrile, with a respiratory rate of 16 per minute.
Sitting blood pressure was 84/40, with a pulse of 92 and regular. Her standing blood
pressure at 3 min was 84/52, with a pulse rate of 104 beats per minute (bpm); her standing
blood pressure at 6 min was 84/52, with a pulse rate of 100 bpm. Her low blood pres-
sure with an increase in heart rate of 12 bpm standing was consistent with the diagnosis
of moderate postural orthostatic tachycardia syndrome (POTS). The rest of the physical
examination was essentially within normal limits except for thin reddish crescents in the
back of the throat, slight redness of the right tympanic membrane, mottling and purplish
skin of the lower extremities, and several hemangiomas of the face and hands.
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A record review revealed a normal CAT scan and MRI of the head in 2013, a normal
spinal tap in 2013 with normal red cells, white cells, and glucose levels, negative oligoclonal
bands, and slightly lower CSF protein (less than 10 (normal range: 12-60 mg/dL)), a normal
MRI of the abdomen in 2016, an ultrasound of the abdomen revealing reactive lymph nodes
in the right lower quadrant, a negative liver biopsy for elevated copper levels despite low
ceruloplasmin, and a negative endoscopy in 2013. The medical records reflected black mold
found in the master bedroom, without testing to evaluate the level and types of molds. Prior
significant laboratory values included a positive Lyme immunofluorescent antibody (IFA) at
1:80, positive Borrelia specific bands on an IgM Western blot (23 kDa, 31 kDa, 34 kDa 93 kDa),
positive Borrelia specific bands on an IgG Western blot (39 kDa), a low positive Bartonella
IgM (1:20), negative Babesia titers and Babesia FISH, negative titers for Ehrlichia, Anaplasma,
and Rickettsia (Rocky mountain spotted fever and Q fever), positive MTHER (heterozygous),
an elevated level of calcitriol (1,25 hydroxy vitamin D) at 92.1 (normal range: less than 75)
with a low 25 hydroxy vitamin D (20.5, normal range: 30-96 nanograms/milliliter [ng/mL]),
intermittent elevated calcium levels (10.5, normal range: less than 10.4 mg/dL) with a
normal parathyroid (PTH) level at 36 pg/mL (normal range: 15-65), low iron saturation
at 17% (normal range: 20-55%), low iron levels at 21 ug/dL (normal range: 26-169), low
ferritin levels at 6 ng/mL (normal range: 15-77), mild leukopenia (white blood cell count
3.11, normal greater than 5.7/uL) with low segmented neutrophils at 0.72 (normal range:
2-5.8 x 103/uL), elevated AST at 106 U/L (normal range: 1040 U/L), and an elevated
alkaline phosphatase level at 469 (normal range: between 36-128 U/L) with a mildly
elevated total bilirubin (1.7, normal range: less than 1.2 mg/dL), consistent with genetically
acquired Gilbert’s syndrome. CMV IgG antibodies were elevated, at 7.9 U/mL (normal
range: less than 0.59 U/mL), and HHYV 6 titers were elevated, at 8.3 (normal range: less
than 0.76) with negative EBV titers.

Laboratory work requested included a complete blood count (CBC), comprehensive
metabolic profile (CMP) with liver functions (LFTs), iron, ferritin, ceruloplasmin, alpha-1
antitrypsin level and genetic analysis, antibodies versus hepatitis A, B, and C, hemoglobin
Alc, B12, folate, methylmalonic acid (MMA), homocysteine level (HC), antinuclear antibody
(ANA), rheumatoid factor (RF), anti-double-stranded DNA antibodies, Smith antibodies,
anti-scleroderma antibodies, Sjogren’s anti-SS-A, SS-B antibodies, ribonucleoprotein (RNP)
antibodies, anti-Jo-1 antibodies, HLA DR 2/4 status, antiganglioside antibodies, anti-myelin
antibodies, complement studies with C3, C4, C3a, and C4a, GAD 65 autoantibodies, an IgE
food allergy panel with histamine, tryptase, and prostaglandin D2 levels, immunoglobulin
levels and subclasses, red blood cell (RBC) and serum mineral levels (magnesium, copper,
zing, and iodine), serum glutathione levels, thyroid functions with antithyroid antibodies,
insulin growth factor 1 (IGF-I), vaso-intestinal peptide (VIP), melanocyte-stimulating hor-
mone (MSH), anti-diuretic hormone (ADH), serum pregnenolone and DHEA sulfate levels,
and a repeat tick-borne panel to evaluate antibodies against Borrelia, Babesia, Bartonella,
tularemia, typhus, and Brucella. A dehydroepiandrosterone sulfate (DHEA)/cortisol saliva
test was given to the patient to perform at home to evaluate her adrenal function, along
with a 6-h urine dimercaptosuccinic acid (DMSA) challenge and serum heavy metals (lead,
mercury, and arsenic) to evaluate heavy metal exposure, as well as a RealTime Laboratory
(Carrollton, TX, USA) mycotoxin assay to evaluate mold exposure.

Laboratory work returned positive for an elevated level of hemoglobin Alc at 5.7%
(normal range: less than 5.6), consistent with metabolic syndrome/prediabetes and proba-
ble reactive hypoglycemia; low serum levels of alpha-1 antitrypsin at 87 mg/dL (normal
range: 90-200); an alpha-1-antitrypsin (AAT) mutation analysis, revealing one copy of the Z
allele (MZ), consistent with alpha-1 antitrypsin deficiency as a cause of the significant eleva-
tions in liver functions with transaminitis in the past, which led to a biopsy; elevated levels
of bilirubin at 1.4 (normal less than 1.2), consistent with Gilbert’s syndrome; elevated levels
of alkaline phosphatase at 353 IU/L (normal range: 134-349), consistent with a growth
spurt; a low immunoglobulin G level at 610 mg/dL (normal range: 759-1549) with two
subclass deficiencies (IgG subclass 1, 329 mg/dL [normal range: 456-952]; IgG subclass 2,
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137 milligrams/dL [normal range: 147-493]), and low Immunoglobulin IgM at 49 mg/dL
(normal range: 57-209), consistent with chronic variable immune deficiency (CVID) sec-
ondary to Lyme disease. HLA DR 2/4 was positive, increasing the risk of severe Herxheimer
reactions and treatment of refractory Lyme arthritis [97]. There was also an elevated level of
prostaglandin D2 at 367 pg/milliliter (normal range: 35-115), consistent with possible mast
cell activation syndrome (MCAS); low plasma copper level at 0.63 ug/milliliter (normal
range: 0.81-1.75) with a low ceruloplasmin level at 14.7 mg/deciliter (normal range: 19-39);
normal serum copper level (75 pg/deciliter, normal range: 72-166), ruling out Wilson’s
disease as a cause of elevated LFTs; low total iron (Fe) at 24 mcg/dl (normal range: 27-164);
high iron binding capacity at 497 (normal range: 271448 mcg/dL) with a low Fe saturation
at 5% (normal range: 15-45%), consistent with Fe deficiency, ruling out hemochromatosis
as a cause of elevated LFTs; low DHEA sulfate at 50.9 micrograms/deciliter (normal range:
67.8-328.6) with low normal cortisol levels in the morning and at night (a.m. cortisol 10,
optimal range 14-25; evening cortisol 0.83, optimal range 1-4) through Labrix/Doctor’s
Data (St. Charles, IL, USA), consistent with phase 2 adrenal dysfunction; and elevated
GAD 65 antibodies at 97.3 U/milliliter (normal range: 0-5) with low C4 levels at 8 mil-
ligrams/deciliter (normal range:h 14-44). Borrelia hermsii IgG antibodies were positive
at 1:64 (normal range: <1:64, Bioreference laboratories), consistent with possible prior
exposure to relapsing fever Borrelia, and Bartonella henselae IgM antibody titers were low
positive at 1:20, with a negative PCR (polymerase chain reaction). Mycotoxin levels came
back significantly elevated through RealTime Laboratories (Carrollton, TX, USA), with an
ochratoxin level of 46.516 ppb (parts per billion) (normal range: less than 1.8 ppb). Afla-
toxins were elevated, at 5.969 ppb (normal range: less than 0.8 ppb). Trichothecenes were
elevated, at 0.22 ppb (normal range: less than 0.02 ppb), and gliotoxins were elevated, at
5.229 ppb (normal range: less than 0.5 ppb). A 6-h urine DMSA challenge for heavy metals
through Doctor’s Data revealed an elevated lead level at 8.3 ng/g creatinine (reference
interval less than 3).

We discussed with the patient and family that Lyme disease, clinical babesiosis, proba-
ble bartonellosis, postural orthostatic tachycardia syndrome (POTS)/dysautonomia, phase
2 adrenal dysfunction with metabolic syndrome/reactive hypoglycemia, alpha-1 antit-
rypsin deficiency, mold, and heavy metal toxicity, along with chronic variable immune
deficiency (CVID), were the primary diagnoses based on her record review, laboratory
work, and physical examination that accounted for her chronic persistent symptoms. She
was instructed to receive a baseline pneumococcal titer and check pre-/post vaccination
titers for the immunodeficiency, and we rotated her antibiotic protocol to doxycycline,
rifampin, Bactrim DS, and Malarone since she had never used a tetracycline and rifampin
regimen for Lyme and Bartonella during the past 2 years. Regarding the babesiosis, she
had also never used clindamycin or herbs including artemisinin and NEEM. She was
therefore started on Plaquenil (hydroxychloroquine) 200 mg PO once a day (QD) (lower
levels were used for her low body weight, and a recent eye exam was within normal limits),
with doxycycline 100 mg PO BID, rifampin 150 mg (two capsules in the morning and
one in the evening based on body weight), Bactrim regular strength one PO BID, nystatin
500,000 units 2 PO twice a day (BID), and three Malarone (atovaquone/proguanil) capsules
per day with a high-fat meal, along with artemisinin SOD one PO TID. In an effort to control
the history of severe Herxheimer reactions and inflammation, nutraceuticals that block
NFKappaB were prescribed (N-acetylcysteine [NAC] 600 mg twice a day, alpha lipoic acid
600 mg once a day, and liposomal glutathione (Essential Pro, Wellness Pharmacy (Essential
Nutraceuticals, LLC, Birmingham, AL, USA)) 500 mg once a day) along with supplements
that stimulate the Nrf2 pathway, including turmeric (Curcuplex CR, Xymogen, Orlando,
FL, USA) 500 mg twice a day and sulforaphane glucosinolate 100 mg once a day (Oncoplex
ES, Xymogen). She was instructed to alkalize her body with sodium bicarbonate (NaHCO3)
2 g PRN for a severe Herxheimer reaction, along with 2000 mg of glutathione all at once. A
low carbohydrate/hypoglycemic diet was prescribed to reduce the risk of yeast infections
and due to her history of metabolic syndrome with mid-day fatigue with decreased stamina
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and concentration, along with triple probiotics (Theralac, Master Supplements (Victoria,
MN, USA), Ortho Biotic (Ortho Molecular Products (Stevens Point, WI, USA)), and Saccha-
romyces boulardii (Ortho Molecular Products) twice a day. One gram of salt 3x per day with
licorice extract was prescribed for low blood pressure and POTS/dysautonomia, along with
drinking at least eight glasses of water per day and a mild physical therapy/conditioning
program. The patient was instructed to buy an electronic home blood pressure monitor
and follow her sitting and standing blood pressure and pulse rates daily; after sitting for
5 to 10 min after checking her sitting blood pressure and pulse rate, she was instructed to
then stand, and her parents checked the readings at 3 min, 6 min, and 9 min standing and
sent us the reports after 2 weeks, with any associated symptomatology. For insomnia, she
was given a GABA-L-theanine cream.

The patient and her mother had a consultation one month later. Despite rotating the
antibiotic protocol, night sweats and chills persisted, consistent with ongoing babesiosis,
with severe fatigue. Doxycycline, rifampin, and Bactrim were discontinued (DC’d) and
she was started on clindamycin 300 mg PO BID, increasing the dose as tolerated, working
up to 900 mg per day, while remaining on azithromycin 250 mg PO BID, pulsed four
days in a row per week. Malarone was also continued at a dose of 2 PO BID with a
high-fat meal, and artemisinin was added with one capsule PO BID, with cryptolepis
30 drops twice a day. Three days after starting the protocol, she developed diarrhea, and all
antibiotics were stopped, with bowel function returning to normal within 24 h. Probiotic
dosing was increased to 3x per day, including Saccharomyces boulardii, Theralac, and VSL3.
Coartem (lumefantrine/artemether) four tablets twice a day x three days was instituted
for the ongoing symptoms of babesiosis as she had previously failed atovaquone (Mepron),
along with one-half tablet of fludrocortisone (Florinef) 0.1 mg/day for ongoing low blood
pressure as her blood pressure continued to remain hypotensive with dizziness while
standing, despite drinking eight 8-ounce glasses of water, with 1 g salt tablets TID and
Licorice Plus (glycyrrhizic acid, Metagenics). Cefuroxime axetil (Ceftin) 500 mg PO BID
with sulfamethoxazole/trimethoprim (Bactrim) and nystatin 500,000 units, two tablets PO
BID were eventually added after one week, but one month later, there was no significant
change in symptoms. Post Coartem, she suffered from ongoing drenching sweats every
10 days and significant Herxheimer reactions resulting from the change in protocol, with
increases in fatigue, joint pain, neuropathy (increased tingling and numbness), and brain
fog. The patient was instructed in the future to use 2000 mg of liposomal glutathione
for her Herxheimer reactions, and since she had never tried either dapsone or rifabutin,
the Ceftin and Bactrim were DC’d, and she was rotated to doxycycline 100 mg PO BID,
rifabutin 150 mg PO BID, Plaquenil (hydroxychloroquine) 200 mg QD, and dapsone 25 mg
QOD x one week, and then, the dose was increased to 25 mg per day x one week. Rifabutin
was eventually changed to rifampin 150 mg PO BID secondary to cost. As the dapsone was
tolerated, she initially increased the dose of dapsone to 25 mg one day and 50 mg the next
day, working up to a final dose of 50 mg per day, but ended up pulling back the dose of the
dapsone to 25 mg every other day one month later due to significant Herxheimer reactions,
which decreased her flares and led to an increase in energy.

The potential side effects of dapsone were discussed in detail with the patient and her
family before instituting therapy, including anemia, Herxheimer reactions, rashes (if sulfa-
sensitive), and methemoglobinemia (low oxygen-carrying capacity). Leucovorin (folinic
acid) 25 mg QD, along with 15 mg of I-methylfolate (Folafy ER, Xymogen), was added to
help counteract the dapsone-induced anemia, and N-acetylcysteine 600 mg twice a day,
600 mg of alpha lipoic acid, and 500 mg of liposomal glutathione were continued to support
a healthy inflammatory pathway and help lower methemoglobin levels. Biofilm agents
included Stevia (NutraMedix, Jupiter, FL, USA) 15 drops twice a day, Serrapeptase one
capsule twice a day (NutraMedix), and Biocidin (Bio-Botanical Research, Watsonville, CA,
USA), working up to two sprays twice a day. She was sent to an immunologist at National
Jewish to evaluate the need for IV immunoglobulin therapy (IVIG) and was instructed
to remain on a strict hypoglycemic diet for her metabolic syndrome and mid-day fatigue.
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Black mold was ultimately found in the master bedroom and remediated, and we explained
that gliotoxins were immunosuppressive, overlapping her immunodeficiency with CVID.
An oral mold protocol was therefore begun with 3 g (a teaspoon) of phosphatidylcholine
(Phosphaline 4:1, Xymogen) twice a day, continuing her intake of NAC, alpha lipoic acid,
and glutathione and adding low-dose WelChol (colesevelam) 625 mg, two tablets a day
with the afternoon meal, at least four hours away from her oral medication to avoid
decreased absorption. A multivitamin (Mitocore, Orthomolecular, Stevens Point, WI, USA)
with fat-soluble vitamins was added to replace any potential deficiency secondary to
the WelChol.

One month later, the patient reported significant improvements on low-dose dapsone
(25 mg QOD) with doxycycline 100 mg PO BID, rifampin 300 mg PO BID, and Malarone
two PO BID, including an increase in energy, decreased joint and muscle pain, neuropathy,
and twitching, and increased cognitive functioning with decreased reversal of letters and
numbers. Babesia symptoms with sweats decreased to one time per week, with rare chills,
although she complained about pain in the soles of her feet with migratory back pain,
consistent with ongoing symptoms of Lyme disease and Bartonella. She began intravenous
immunoglobulins (IVIG) for her chronic variable immune deficiency (CVID) and was
functioning at 85% of the normal level until she began the immunoglobulin therapy,
which resulted in Herxheimer reactions, increased headaches, and a slight decrease in
functioning. Methemoglobin levels remained low, at 1.6, and there was no significant
anemia on dapsone. Postural orthostatic tachycardia syndrome (POTS), however, was not
well-controlled despite salt, fluids, and Florinef as the patient’s sitting blood pressure of
96/54 with a pulse rate of 87 bpm went to 95/54 with a pulse rate of 136 bpm at 9 min
standing. The 40-point increase in pulse rate with dizziness while standing and presyncopal
episodes indicated severe POTS; so, fludrocortisone was decreased to half a pill of 0.1 mg
per day, and midodrine was initiated at a dose of 2.5 mg three x per day (Q 4 h), along
with metoprolol XL 25 mg QD for her tachycardia. She was instructed to continue daily
sitting and standing blood pressure and pulse rates, and if her systolic blood pressure
remained below 110 mmHg with ongoing postural orthostatic changes, she was instructed
to increase the midodrine to 5 mg three X per day and start metoprolol XL (Toprol) 25 mg
QD if tachycardic episodes continued. Adaptanall (Ortho Molecular) at two capsules once
a day in the morning was begun for her adrenal fatigue, along with a low-dose glandular
Adrenal Complex (PHP products).

Two months later, during an in-person history and physical examination, the patient
continued to demonstrate significant improvement, having increased her dapsone dose
to 25 mg per day along with doxycycline 100 mg PO BID, Plaquenil 200 mg QD, rifampin
300 mg BID, nystatin 500,000 units 2 PO BID, leucovorin 25 mg QD, I-methylfolate 15 mg
QD, and Malarone 100/250 mg 2 PO BID. Her biggest improvements were in energy and
cognitive function, receiving an A grade in all her school subjects, and fewer joint pains
and flulike symptoms. Joint pain did persist in the neck, back, and legs, which would come
and go, but the patient would now go for days without any pain for the first time in years.
There was less dizziness while standing, fewer pre-syncopal episodes or visual blackouts
on fludrocortisone (Florinef) Y2 mg per day and midodrine 2.5 mg TID, and no palpitations
on metoprolol XL 25 mg QD. There were also reduced tremors in the right hand, with
no further tingling /numbness or stabbing pains (neuropathy) in the shins or calves and
no twitching and headaches. Although the visual loss and blackouts from her postural
orthostatic tachycardia syndrome (POTS) diminished, purplish mottling of the extremities
persisted, consistent with dysautonomia. Her standing blood pressure at 10 min was
88/62 (mild orthostasis) with a pulse of 72 and regular. Babesia symptoms also persisted as
she still complained about mild night sweats and moderate body aches with some swelling
of her face post IVIG. Midodrine was therefore increased to 5 mg TID for her ongoing POTS
symptoms while she continued to monitor sitting and standing blood pressure and pulse
rates at home once a day and continued to detoxify her mycotoxins. Since more mold was
found in the bathroom of her home, the glutathione was increased to 500 mg PO BID, and
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phosphatidylcholine was continued at a dose of 3 g twice a day. Her mother felt that the
mold remediation and detoxification ultimately made a big difference in her symptomes,
along with the low-dose dapsone combination therapy, and short sessions of far infrared
sauna therapy (15 min) would be performed to assist detoxification if her POTS symptoms
remained stable.

Three months later, in November 2017, the patient reported ongoing improvements
in joint pain, no neuropathy, improved brain fog, and no significant POTS symptoms as
blackouts had completely stopped. Her fludrocortisone was therefore DC’d, and midodrine
was increased from 5 mg TID to 7.5 mg PO TID. Her energy level was better and stable but
was her worst symptom, especially, with heavy physical exertion (running) or if she ate too
many carbohydrates or missed meals, secondary to severe blood sugar swings with reactive
hypoglycemia. Since she suffered from phase II adrenal fatigue, which can impact stamina
and hypoglycemia, her dose of adrenal adaptogens was increased using Adrenal Complex
(PHP products), one in the morning and one at 2 PM. Plaquenil 200 mg PO QD, doxycycline
100 mg PO BID, rifampin 300 mg PO BID, and dapsone 25 mg QD, with leucovorin 25 mg
once a day and biofilm agents continued to be her best protocol to date, except for ongoing
sleep issues, which would interfere with fatigue. She also felt that the IVIG was helping her
to feel better, along with her mold detoxification. As her symptoms continued to improve,
with no anemia (hemoglobin: 12.1 and hematocrit: 37.5) and a normal CMP with normal
kidney and liver functions, the dapsone dose was increased to 50 mg one day and 25 mg the
next day (an average of 37.5 mg per day), and if tolerated without significant Herxheimer
reactions, it would then be increased to 50 mg per day while increasing leucovorin to 25 mg
PO BID with 5 milligrams of I-methylfolate (MTHF-ES, Xymogen) to help limit dapsone
induced anemia.

In February 2018, the patient noticed an improvement in symptoms on 50 mg of
dapsone x 2 months, but in the interim, since November 2017, she had a repeat syncopal
episode with low blood pressure, requiring the re-addition of fludrocortisone 0.1 mg per
day, while increasing her midodrine to 10 mg PO TID and adding Licorice Plus (Meta-
genics) with glycyrrhizin for extra blood pressure and adrenal support. Her subsequent
blood pressure levels improved, without further syncopal episodes. She also felt that
mold detoxification with colesevelam, phosphatidylcholine, and glutathione improved her
energy. She continued this protocol until June 2018, with continued improvement in her
energy level, joint and muscle pain, and cognitive functioning, although still not near 100%
normal functioning. Since her hemoglobin was stable at 10.5 g/dL and she continued to
tolerate the dapsone combination therapy, we gradually increased the dapsone to 75 mg
per day for one week and eventually increased it to 100 mg per day. In June 2018, a repeat
hemoglobin was 10.0 g/dL (normal range: 11.9-15.5) with normal iron and ferritin levels,
but a methemoglobin returned borderline elevated levels, at 2.2% (normal range: up to
1.8%); so, folic acid dosing was increased by adding 15 mg of I-methyl folate twice a day
(Folafy ER, Xymogen) to her leucovorin 25 mg PO BID, while methylene blue was started
at a dose of 50 mg PO BID, increasing glutathione to 500 mg PO BID.

In August 2018, she felt 100% well for the first time in 10 years with no fatigue, joint
pain, night sweats, or brain fog. She finished 100 mg of dapsone per day for one month,
with Plaquenil, doxycycline, and rifampin, and since a repeat CBC showed a mild drop
in hemoglobin to 9.3 g/dL with a low haptoglobin of <14 mg/dL (normal range: 30-200),
dapsone was stopped along with her other antibiotics while continuing on leucovorin,
l-methylfolate, probiotics, and biofilm agents. Her mother felt that dapsone combination
therapy was her best protocol in years and that midodrine was also a “game changer”
along with adrenal support. She had come back with a low morning serum cortisol, at
4.1 pg/dL (normal range: 6.2-19.4), normal DHEA sulfate, at 116.7 ug/dL (normal range:
67.8-328.6), and normal pregnenolone, at 56 ng/dL (<151), requiring an increase in adrenal
support. By December 2018, after 5 months off all antibiotics, she remained at 95% of
normal functioning, and her chief complaint was random “hot flashes” without sweats or
chills and rare hip pain without any significant fatigue. Hemoglobin increased to 11.5 with
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a hematocrit of 35.3, which was within normal limits (WNL) with a normal CMP. There
were no clear menstrual flares with a relapse of underlying Lyme disease and tick-borne
symptoms, and she remained in remission for 7 months until February 2019. She still
required midodrine 10 mg PO TID to stabilize her POTS and found that she necessitated
the administration of her IVIG on time (feeling symptoms starting to emerge 3 days before
administration) with adrenal support while needing to stay on a strict hypoglycemic diet to
stabilize her energy level. During that visit, she was asked to resend a mycotoxin urine test.

In November 2019, although the patient was generally stable during the past year, she
began experiencing a few random, migratory aches in her legs and feet, which emerged
with exercise, along with increased fatigue and a return of brain fog around her menses.
The midodrine for POTS and IVIG continued to help her energy level but was losing its
effectiveness. She reported an overall percentage of functioning at 89%, with no further day
or night sweats, but had a return of insomnia, requiring 2-3 h to fall asleep, which started
at the beginning of the school year with an increased academic load. Laboratory values
performed to evaluate overlapping etiologies driving symptomatology revealed a mild
iron deficiency anemia with a hemoglobin level of 10.9 g/dL (normal range: 11.1-15.9),
low normal hematocrit level of 34.6% (normal range: 34-46.6), MCV 74 femtoliters (fL,
normal range: 79-97), low iron level of 24 ng/dL (normal range: 26-169), and high total
iron binding capacity (TIBC), at 483 (normal range: 250—450 mcg/dL), with a low ferritin
level of 6 ng/milliliters (normal range: 15-77), consistent with the onset of iron deficiency
anemia associated with her menses. Ceruloplasmin levels also remained low, at 18.7 mg/dL
(normal range: 19-39), with a borderline low plasma copper level of 0.76 pug/milliliters
(normal range: 0.8-1.75), and a normal RBC copper level; so, the patient was subsequently
placed on an over-the-counter iron supplement (325 mg) with vitamin C and encouraged
to receive more iron and copper in her diet with occasional meat, leafy green vegetables,
seeds, nuts, and whole grains. Her CMP was normal, except for a slightly elevated alkaline
phosphatase level consistent with a growth spurt and a low glucose level of 64, consistent
with ongoing hypoglycemia. Dietary recommendations and compliance with a strict hy-
poglycemic diet were again discussed. Thyroid functions remained WNL, Epstein-Barr
virus (EBV) and human herpesvirus 6 (HHV-6) titers were positive, consistent with prior
exposure to EBV and HHV-6, with an EBV antibody VCA IgG at 72.6 units/milliliters (pos-
itive > 21.9), EBV nuclear antigen antibody IgG at 76.1 unit/milliliters (positive > 21.9),
positive HHV®6 IgG antibodies at 18.26 (positive > 0.99), and negative EBV PCR, nega-
tive HHV-6 PCR. Repeat vitamin D levels revealed a low 25 hydroxy vitamin D level at
20.7 ng/milliliters (normal range: 30-100) but an elevated calcitriol level (1,25 dihydroxy
vitamin D) at 67.9 pg/milliliters (normal range: 19.9-79.3), consistent with possible ongoing
active intracellular infections. All autoimmune markers, i.e., anti-nuclear antibodies (ANA),
double-stranded DNA (dsDNA), and rheumatoid factors (RF), remained negative, with
normal inflammatory markers, i.e., erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP), but she continued to have low complement C4a serum levels at 8 mg/dL
(normal range: 14-44), consistent with immune activation from chronic Lyme disease
and/or mold, low normal B12 at 350 picograms/mL (normal range: 232-1245), requiring
B12 supplementation (Methylprotect, Xymogen), and normal histamine and chromogranin
A levels but elevated prostaglandin D2 levels at 367 pg/milliliters (normal range: 35-115),
consistent with possible mast cell activation syndrome (MCAS) from Lyme disease and
mold toxicity. The patient did not notice any significant symptoms of elevated histamine
(i.e., itching, sneezing, congestion, wheezing, etc.). Alpha-1 antitrypsin levels continued to
be low, at 92 mg/dL (normal range: 100-188), consistent with alpha-1 antitrypsin deficiency,
and heavy metals in the blood returned WNL (lead, mercury) with a borderline arsenic
level of 6 pg/L (normal range: 0-23).

At a follow-up in-person visit in January 2020, she continued to notice an increase in
Lyme disease symptoms with menstrual flares, constant fatigue, mild joint aches in the
elbows, shoulders, hips, and knees, with stiffness of her neck and back, dizziness while
standing, brain fog on and off throughout the day, slightly blurry vision, cold hands, and
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continued difficulty falling asleep. Symptoms continued to flare up around her menstrual
cycle. She evaluated her level of normal functioning as slightly decreased from 89% to 83%.
Her resting blood pressure was 117/65 with a pulse of 81 regular, which, at 5 min standing,
was 104/71 with a pulse of 107 bpm, and at 10 min standing, was 112/70 with a pulse rate
of 111 bpm. The increase of 30 bpm in pulse rate was consistent with ongoing severe POTS
while remaining on midodrine 10 mg TID. Florinef 0.1 mg per day was re-added to her
protocol with salt tablets 1 g, 3x per day, increasing her fluid intake from 4 to 5 glasses
per day to 8 to 10 glasses per day (she was living at a high altitude). A 2-g dose of IV
glutathione cleared her vision within several minutes, consistent with ongoing neurotoxins.
We reordered a DHEA /cortisol adrenal test and mycotoxin test for the ongoing fatigue,
pain, blurry vision, and brain fog, along with repeat CBCs, CMPs, thyroid functions, and
Lyme disease and co-infection testing. The adrenal test continued to show phase 2 adrenal
fatigue with a low normal morning cortisol level of 8.7 nanomoles per liter (optimal range:
14-25 nmol/L), low normal noon cortisol level of 3.1 nmol per liter (optimal range 5-10), a
low evening cortisol level of 0.99 nmol per liter (optimal range 2-5), and normal DHEA
level. The mycotoxin test revealed increased levels of ochratoxins, at 46.516 ppb (normal
range: <1.8 ppb), increased levels of aflatoxins, at 5.969 parts per billion (normal range:
<0.8 ppb), elevated levels of trichothecenes, at 0.22 ppb (normal range: <0.02 ppb), and
elevated gliotoxins, at 5.229 ppb (normal range: <0.5 ppb). The trichothecene levels had
decreased significantly (4.42 ppb — 0.22 ppb), as had levels of gliotoxins (20.32 ppb —
5.229 ppb). Lyme disease testing revealed an increase in Borrelia-specific bands. Her Lyme
Immunoblot IgM had a new 23 (OspC) kDa band and decreased 31 kDa (Osp A), and
her Lyme Immunoblot IgG showed a slight decrease in the 41 kDa banding (2+ to one
plus). Lyme Multiplex genomic and plasmid PCRs were negative, and a Bartonella henselae
immunofluorescent antibody (IFA) IgM and IgG were negative with a negative vascular
endothelial growth factor (VEGF), at 33 pg/mL (normal range: 0-115).

Based on the above symptomatology and positive testing, we discussed going back
on an antibiotic regimen, since she had been off all antibiotics for the past 18 months, and
asked her to consider minocycline and rifampin and to use Bactrim instead of dapsone.
The patient did not feel that she was sick enough to go back on antibiotics; so, we followed
her and added Florinef 0.1 mg back to her protocol for the POTS and increased her mold
detoxification. Her new protocol used phosphatidylcholine 3 g twice a day, glutathione
500 mg twice a day, N-acetylcysteine (NAC) 600 mg twice a day, and alpha lipoic acid
(Alamax, Xymogen) 600 mg twice a day, and we rotated her WelChol to a different binder
with G.I. Detox once a day (BioBotanical Research), containing activated charcoal/zeolite
clay/silica/apple pectin and humic powder. The patient was instructed to take it two hours
away from all medication and supplements to avoid binding any medications or other
supplements. The family was also encouraged to recheck their home for any ongoing mold,
and adrenal support was increased, using a glandular Adrenaliv (Xymogen) one at lunch
with adaptogenic adrenal herbs (Adrenal essence, Xymogen) 2 x per day.

During the follow-up consultation in July 2020, the patient had improved during
the past 4 months, with less myalgias and brain fog (but still present), mild fatigue, and
moderate sleep issues. She had a sudden episode of severe gastrointestinal pain with
nausea the month prior, with increased RBCs in the urine, and was diagnosed with a
new kidney stone by ultrasound, with a borderline elevated calcium level of 10.5 mg/dL
(normal range: 8.9-10.4) and normal parathyroid (PTH) level. The analysis of the stone
revealed calcium oxalate; so, the patient was placed on a low oxalate diet with increased
fluids. Her OB/GYN also placed her on a birth control pill to regulate her menstrual
cycle, but since she was having some increased acne and mild weight gain, we stopped the
fludrocortisone. Immunoglobulin levels on IVIG were within normal limits, and all labs
remained stable, except for new Parvovirus B19 exposure (IgG level 6.4, positive > 1.1) and
a borderline positive Mycoplasma pneumonia IgG antibody at 104 U/mL (negative < 100). As
of November 2020, the patient continued to do very well without antibiotics, with increased
energy levels, less joint pain (knee pain was persisting), and increased sleep, but was weary
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of COVID, feeling stressed out and “grey” from the pandemic, and asked to see a therapist,
which was beneficial.

In March 2021, the patient, who was now 17 years old, was taken off her birth control
pill because of ongoing weight gain, bloating, and some fluid retention and was given a
low-dose diuretic, i.e., hydrochlorothiazide (12.5 mg PRN), which helped fluid retention.
Leptin levels and thyroid functions returned within normal limits, and sex hormone
levels were normal (estrone, estradiol, estriol, testosterone, and DHEA), except for a
low progesterone/estradiol ratio. She complained about ongoing joint pain, myalgias,
neck stiffness, slight lightheadedness while standing, and mild cognitive difficulties, with
memory/concentration problems, mood swings, and disturbed sleep, although she rated
her functioning at approximately 91% of normal. She was now 2 2 years without any
further antibiotics for her tick-borne illness post lower-dose dapsone combination therapy.
Based on her mild chronic symptomatology, we sent a repeat Lyme Immunoblot IgM and
IgG, Lyme Multiplex PCR, and Bartonella FISH to IgeneX laboratories (Malpitas, CA, USA).
Her Lyme Immunoblot IgM returned CDC-positive (23, 41 kDa), her Lyme Immunoblot
IgG revealed a new 23 kDa (Osp C) and a 66 kDa band, her Lyme PCR was negative, and
her Bartonella FISH returned positive, despite prior Bartonella henselae antibodies being low
positive, with negative PCR and VEGEF testing.

I discussed the results with the patient and her mother. Despite the positive Lyme
Immunoblot and Bartonella FISH returning positive, she was still performing well in school
and was not ready to restart antibiotics. Her biggest complaints were mild cognitive
difficulties with memory and concentration problems, verbal dyslexia, mild muscle/joint
pains, and, in particular, a weight gain of 17 pounds, despite being on a low-dose diuretic.
We discussed undergoing a five-hour glucose tolerance test with insulin levels, along with
an ultrasound of the ovaries to rule out polycystic ovarian syndrome (PCOS) if the weight
gain should persist despite a strict hypoglycemic diet and being off her birth control pills
and fludrocortisone. Her POTS was still severe, with pulse rates increasing by 37 beats
per minute standing; so, she was encouraged to stay on the midodrine, lower her salt
intake secondary to the water weight gain, and begin vagal/limbic retraining with either
the Annie Hopper dynamic neural retraining system (DNRS) [98] or Gupta mindfulness-
based retraining system [99]. Laboratory results showed an improved CBC (hemoglobin:
12.1 g/dL and hematocrit: 38%), with an MCV of 77 (microcytic), still suggestive of mild
iron deficiency, normal free T3, normal free T4, normal TSH, normal sex hormone levels,
low normal cortisol in the morning, at 7.1 pg/dL (normal range: 6.2-19.4 pg/dL), normal
sedimentation rate and CRP, and normal fasting insulin level of 15.3 pIU/mL (normal
range: 2.6-24.9). The leptin level was elevated, at 22, however, with a BMI (Body Mass
Index) of 21.5 (upper range of normal 17.2 based on Tanner Stage), indicating possible
leptin resistance.

By May 2021, the weight gain had not abated, with associated pitting edema (1-2+),
and she began developing acne. We discussed starting minocycline 100 mg PO BID for
her tick-borne disease and acne, along with rifampin 300 mg PO BID, Plaquenil 200 mg
PO BID, nystatin 500,000 units 2 PO BID with triple biofilm agents, and triple probiotics.
Fluvoxamine (Luvox) would have been considered for leptin resistance if the weight had
not changed significantly. Unfortunately, the patient was unable to tolerate the antibiotics
secondary to gastrointestinal upset and had to stop them after 6 days. By July 2021, the
excess water weight had resolved with the regular use of a diuretic, and she was instructed
to take hydrochlorothiazide with low-dose potassium every other day until she could see
an endocrinologist for a second opinion. In the meantime, her OB/GYN switched her to
a different birth control pill, Junel 1/20 (norethindrone/ethinyl estradiol), which helped
decrease her heavy menstrual cycles and acne. POTS symptoms were also in remission
with no dizziness while standing and no presyncopal or syncopal episodes. In November
2021, her primary symptoms were fatigue and weight gain, and we retried a low-dose
doxycycline regimen (50 mg PO BID) for acne and low-grade tick-borne symptoms. We
discussed following a double dapsone combination therapy protocol with a week of pulsed
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high-dose dapsone during the summer when she was off from school to treat her chronic
Lyme disease and active Bartonella.

In the meantime, she developed COVID symptoms in December 2021, just as nir-
matrelvir tablets and ritonavir tablets (Paxlovid) were being made available under the
Emergency Use Authorization (EUA) [100], and she took several nutraceuticals to help
lower inflammation by blocking NFKappaB, stimulating Nrf2, and blocking NLRP3 in-
flammasomes. These included increasing her doses of glutathione (2000 mg twice a day),
N-acetylcysteine (NAC) 1200 mg PO BID, alpha lipoic acid 600 mg PO BID, curcumin
(Curcuplex CR, Xymogen) 500 mg PO BID, sulforaphane glucosinolate (Oncoplex ES,
Xymogen) 100 mg PO BID, zinc 20 mg PO BID, vitamin C 1000 mg PO BID, 500 mg of
3,6 beta glucan (Immunotix, Xymogen) with melatonin 1 mg at bedtime, and K2 D3
(5000 IUs, Xymogen) [101,102]. She denied having any active COVID symptoms despite
the positive rapid test.

In April 2022, several months post COVID, tick-borne symptoms increased slightly,
with a return of night sweats several times per month, increased motion sickness, moderate
fatigue, and joint pain in the arms, legs, and hips several times per week (which would flare
up during her menstrual cycle), along with word finding issues and moderate difficulty
thinking. Her weight was stable, and midodrine 10 mg TID was controlling her POTS
symptoms. We discussed different options, including starting with a Babesia protocol
for the return of night sweats with tafenoquine 100 mg, twice per day for 3 days and
then once a week for the next 6 weeks, followed by double-dose dapsone combination
therapy and one week of high-dose dapsone combination therapy for her active Bartonella
if symptoms persisted. The side effects of the protocols were discussed, and she and her
mother signed an informed consent. A baseline CBC, CMP with mineral levels, VEGF,
alpha-1 antitrypsin, and ceruloplasmin levels with immunoglobulins were checked prior to
treatment. Her CBC had significantly increased to 13.9/40.3 by November 2022, secondary
to iron replacement, with a normal CMP, except for a mildly elevated bilirubin at 1.2,
consistent with Gilbert’s syndrome; ceruloplasmin increased to 41 mg/dL (normal range:
22-50), and her immunoglobulins and subclasses were now within normal limits on IVIG.

Double-dose dapsone combination therapy (DDD CT) was started in January 2023,
lasting 2 months (Plaquenil, minocycline, rifampin, dapsone, and nystatin), with the
addition of azithromycin 250 mg PO BID and pyrazinamide 1500 mg QD with methylene
blue for her Bartonella, slowly increasing doses to 300 mg PO BID over several weeks. Each
antibiotic was added slowly and taken with a full meal, after breakfast and dinner, for GI
tolerance. During the last week of her protocol, i.e., week 9, she was instructed to take a
6—7-day pulse of high-dose dapsone combination therapy (HDDCT), i.e., 200 mg PO BID,
while increasing her rifampin to 600 mg PO BID. She was to add nitrofurantoin 100 mg PO
BID if active Bartonella symptoms persisted and to increase glutathione to 2000 mg all at once
with Alka Seltzer Gold (NaHCO3) prn for Herxheimer reactions with high-dose leucovorin
25 mg, three capsules twice a day, with Folafy ER (15 mg l-methylfolate), three capsules
twice a day, to reduce dapsone-induced anemia. This regimen included four biofilm
agents (Biocidin, Stevia, cinnamon/clove/oregano oil (Doctor Inspired Formulations,
Hopkinton Drug, Hopkinton, MA, USA), and compounded peppermint oil (Infuserve
America, St. Petersburg, FL, USA)), along with four different probiotics (Ortho Biotic,
Theralac, Saccharomyces boulardii, and Probiomax 350 billion, Xymogen, Orlando, FL, USA).
A CBC, a CMP, and methemoglobin levels were checked in week 3 and then weekly on
double-dose and high-dose dapsone combination therapy.

The patient finished the 9-week protocol early in March 2023, with 6 days of HDDCT.
Her CBC in early February 2023, mid-protocol, was normal with a hemoglobin of 13.1,
hematocrit of 39.9, normal CMP and liver functions (LFTs), and a normal methemoglobin
level of <1.0%. At the end of February, her hemoglobin had dropped to 11.0, with a
hematocrit of 33.5 (2.1 g drop in hemoglobin), with normal LFTs, except for a mildly elevated
total bilirubin at 1.5 (normal range: 0.2-1.1 milligrams/dL) and a normal methemoglobin
level. In early March 2023, after finishing the protocol, her hemoglobin was 10.9 and her
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hematocrit was 32.8 within an MCV of 99.1 (mild macrocytic anemia secondary to dapsone),
with a normal methemoglobin level of 2.6% (normal range: 0-2.9%). Three weeks post
protocol, after staying on leucovorin and I-methylfolate, her hemoglobin increased to 12.7,
her hematocrit was 37.7, and her methemoglobin was <1.0, with mildly elevated LFTs (AST
36, normal range: to 32 U/L; AST 52, normal range: up to 32 U/L). She was instructed
to increase her detoxification support and use Liver Protect (Xymogen) with milk thistle,
NAC, glutathione, and alpha lipoic acid. As of May 2023, her laboratory values returned
to normal with a hemoglobin of 13.2, hematocrit of 40.1, and MCV of 84.1, with a normal
CMP and normal liver functions.

As of December 2023, the patient, who was now 19 years old, reported feeling “won-
derful”, the best she had felt in the past 11 years, at 100% normal functioning. She reported
significant increases in energy levels, improved cognitive functioning with no further
dyslexia, no further joint pain, or neuropathy (tingling was gone), decreased hair loss, and
stable weight. She denied any severe Herxheimer reactions on this protocol, and as of
January 2024, the patient was approximately one year in full remission without any active
Lyme disease or Bartonella symptoms and was able to attend her first year of college.

2.2. Case 2

A 21-year-old white female presented to our medical office for a Lyme disease con-
sultation in May 2022. Her past medical history was significant for a history of Lyme
disease, Babesia, and Bartonella, a movement disorder, with tremors and possible “pseudo
seizures” (an electroencephalogram (EEG) ruled out grand mal, partial seizures, and/or a
temporal seizure disorder), gastroparesis with intermittent nausea and vomiting, postural
orthostatic tachycardia syndrome (POTS) and associated complaints of lightheadedness
while standing, palpitations, fatigue, cognitive difficulties, anxiety, B12 and Vitamin D
deficiencies, supraventricular tachycardia (SVT) with heart rates up to 180 beats per minute
(bpm) (having been ruled out for Wolf-Parkinson-White (WPW) and Long-Ganong-Levine
(LGL) syndrome as an explanation for the SVT), mold exposure without mycotoxin testing,
possible reactive hypoglycemia with mid-day energy level crashes, and anxiety, paranoia,
and OCD on sertraline (Zoloft) 50 mg per day, along with aripiprazole (Abilify) 10 mg per
day, which were inadequate to control her symptoms, an abnormal endoscopy with Candida
(white patches were noted in the gastric region), along with possible mast cell disorder,
impacted wisdom teeth, acne, and plantar fasciitis. The patient had complaints of pain in
the bottom of her right foot, and an MRI revealed fluid in that area, consistent with atypical
plantar fasciitis, possibly related to her Lyme disease and Bartonella.

Chief complaints during her initial presentation included occasional night sweats,
moderate fatigue, moderate joint pain in the knees and hips that were migratory in nature,
intermittent myalgias in the lower extremities, mild headaches, tingling and stabbing
sensations of the lower extremities bilaterally, which would come and go with foot pain,
intermittent tinnitus, lightheadedness while standing, moderate cognitive difficulties with
word-finding problems, occasional stuttering, severe anxiety, obsessive—compulsive disor-
der (OCD), rare palpitations, episodes of belching with hiccups interspersed with episodes
of yawning, occasional difficulty moving her extremities, thinning hair, and a history of a
movement disorder with possible migraines and auras based on prior neurological testing.

The patient had been in good health until age 17, approximately four years prior, when
she reported a probable tick bite in France while playing soccer. She did not see a rash,
and it took approximately 10 months to be diagnosed with Lyme disease and associated
co-infections when she returned to the US for further diagnostic evaluations. Physicians in
France, including a neurologist, had diagnosed her with cluster headaches and prescribed
various medications, including propranolol (Inderal) and triptans (sumatriptan), which
were ineffective. Another neurologist in Texas diagnosed her with migraine headaches
and increased the Inderal dose and changed the triptan. None of these were helpful, and
she was sleeping up to 20 h per day when she initially became ill with severe headaches,
extreme fatigue, swollen glands, and painful, migratory arthritis. Her first Lyme disease
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protocol by a US physician included doxycycline and atovaquone/proguanil (Malarone),
but she had significant nausea with the doxycycline and had to change the medication.
There were also significant Herxheimer reactions with doxycycline, as well as cefuroxime
axetil, which resulted in severe confusion, fatigue, and increased arthralgias, and over
time, her condition worsened. By November 2018, she was admitted to a hospital in Texas
for a week for possible seizures and myoclonic movements. She was seen by the chief of
Infectious Diseases and had an MRI, a CT scan, and a spinal tap, which confirmed prior
evidence of Lyme disease. The physicians, at that point, however, did not recommend any
further treatment because she had taken oral antibiotics for over one month and because
they had diagnosed her with a functional neurological disorder. She promptly returned
to Paris and was admitted to the American Hospital of Paris for loss of balance, difficulty
walking, and myoclonic seizure-like activity. An EEG was performed, which ruled out
a classic seizure disorder. In July 2019, she returned to Texas as she was not improving
and was given intramuscular (IM) ceftriaxone (Rocephin) twice weekly, with minocycline
100 mg twice a day. This improved her cognition and other symptoms, although she found
that IV ceftriaxone was more effective than IM ceftriaxone. She had been accepted to a US
university at that point but was too ill to continue her college education.

She subsequently saw a Lyme knowledgeable provider in Texas, who treated her
for Lyme disease and Bartonella. She took different cocktails of antibiotics during the
next several years, including hydroxychloroquine (Plaquenil), rifampin, azithromycin,
pyrazinamide, and methylene blue for two positive T Lab Bartonella FISH tests. Due to
gastrointestinal (GI) upset and a lack of adequate efficacity, she was rotated over to IV
medications and received nine months of IV rifampin, IV azithromycin, and pulse IV
ceftriaxone, along with eight months of disulfiram. She had previously tried dapsone
in March 2020, with 100 mg for eight weeks, but had difficulty increasing the dose to
200 mg secondary to episodes of supraventricular tachycardia. Prior to this, she had been
diagnosed with POTS and was told to increase her fluids and use scopolamine patches.
Unfortunately, none of the above regimens were highly effective, and she developed
progressive psychiatric symptoms; a psychiatrist put her on aripiprazole (Abilify) 10 mg
for severe anxiety, psychosis (she was seeing monsters), and paranoia. This was helpful
as her symptoms improved. One of the last pharmaceutical regimens, which were tried
before coming to our medical office, was IV gentamicin, along with 16 months of oral
and IV treatment for Lyme disease and Bartonella, but despite these protocols, she still
tested positive for active Bartonella by a FISH test through T Lab, although there had been
some clinical improvements. At the time of her presentation to our medical office, her
symptoms were relapsing off antibiotics for the past three months, including moderate
fatigue, moderate joint pain in the hips and knees, which were migratory, neuropathy of
the lower extremities with foot pain, consistent with plantar fasciitis, moderate cognitive
difficulties, and anxiety.

Her social history was unremarkable (no caffeine, cigarettes, or alcohol), and her med-
ication included aripiprazole (Abilify) 10 mg QD, sertraline (Zoloft) 50 mg QD, and birth
control pills, i.e., levonorgestrel 0.15 mg/ethinyl estradiol 30 mcg (Kurvelo). Medication
intolerance/allergies included chlorhexidine (hives and swelling) and cefuroxime axetil
(Ceftin), which caused a severe Herxheimer reaction. Her family history was unremarkable,
except for a father who suffered from myelofibrosis, and both siblings (two other sisters)
were alive and well. There were some sibling stressors since she was unable to continue
her schooling while her siblings continued to advance educationally and professionally.

A review of systems was significant for occasional random night sweats, which sig-
nificantly improved since treatment for her Babesia. Rare symptoms of allergic rhinitis,
occasional palpitations, and dizziness while standing without presyncopal or syncopal
events seemed to be related to the history of anxiety and POTS and two episodes of
supraventricular tachycardia in the past, having been ruled out for conduction abnormali-
ties. Gastrointestinal symptoms included increased bloating with carbohydrates, possible
candidiasis, and a history of gastroparesis with nausea and vomiting (but no recent episodes
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for several months). Rheumatological symptoms included migratory pain in her hips and
knees (consistent with active Lyme disease), as well as myalgias, primarily in the quadriceps
region, which were moderate in intensity, with pain in the bottom of her right foot, consis-
tent with plantar fasciitis. Neurological symptoms included mild headaches (which had
improved with treatment), moderate cognitive difficulties, with memory/concentration
problems, neuropathic symptoms of the lower extremities, a movement disorder, dizziness
while standing, and anxiety. The sertraline and aripiprazole had been helpful in controlling
psychosis and anxiety.

A physical examination revealed a well-developed and well-nourished white female
in no apparent distress. She was afebrile, with a height of 5 feet and 5 inches and a
weight of 150.6 pounds. Her respirations were 16 and regular. Her blood pressure was
149/84 sitting, with a pulse of 94 bpm and regular. Her standing blood pressure was
140/94 with a pulse of 100 beats per minute at three minutes: 142/96 with a pulse of
101 BPM at six minutes standing and 138/93 with a pulse rate of 93 beats per minute at
10 min standing. The decrease in systolic pressure of 11 points standing was consistent
with mild POTS. Otherwise, a physical examination of the head, eyes, ears, neck, and throat,
as well as cardiac, pulmonary, gastrointestinal, and neurological examinations were all
negative. The only significant finding was dermatological: her skin had striae on her thighs,
which were perpendicular to the skin planes, consistent with prior Bartonella exposure.
There was no dermatographism.

Laboratory examination: abnormal laboratory results found in prior medical records
included low B12 levels, at 254 pg/mL (normal range: 232-1245), low vitamin D levels,
at 21.4 ng/mL (normal range: 30-100), prior Epstein-Barr virus exposure (EBV) with
positive EBV antibody VCA IgG titers, at 431 U/mL (normal range: <18), positive EBV
nuclear antigen antibodies > 600 U/mL (normal range: <18), negative EBV PCRs, a CDC-
positive IgG Western blot (five positive bands: 18, 23, 41, 66, and 93 kda), two positive
Bartonella FISH testing through T Labs, and a negative Babesia FISH test. Tick-borne testing
conducted through our medical office ruled out exposure to Ehrlichia, Anaplasma, Rickettsia
rickettsii, Coxiella burnetti, F. tularensis or Brucella, and VEGF levels were WNL. Other
negative testing included autoimmune markers (ANA, RF, anticardiolipin Ab, anti-myelin
Ab, GAD-65 autoantibodies, and CPK), inflammatory markers (CRP, ESR, and TGF Beta-
1), serum hormone levels (HbAlc, thyroids, adrenal, posterior pituitary hormones, i.e.,
VIP, and MSH), serum and RBC mineral levels, and celiac markers (anti-gliadin, tissue
transglutaminase) with normal levels of immunoglobulins and subclasses. G6PD levels
and natural killer (NK) cell/activated T cell levels were also WNL, with no evidence of
active viral infections (HHV®6). Borderline levels of aluminum were found in the serum
(9 ng/L, normal range: 0-9), with negative mercury, lead, and arsenic levels, ruling out
overlapping causes for her neuropathy and neuropsychiatric symptoms, along with low
glutathione levels (159 ng/mL, normal range: 176-323 pg/mL), which, in part, may have
explained by the severity of her prior Herxheimer reactions. Other abnormal laboratory
results included a 95 IgG food allergy profile through LabCorp (Burlington, NC, USA),
which revealed 61/95 positive reactions to foods, consistent with leaky gut, which may
have contributed to her underlying inflammation.

We repeated tick-borne testing through the IgeneX laboratory, and the patient was
given an adrenal DHEA /cortisol salivary test to rule out adrenal dysfunction, along with
a mold test through RealTime Laboratories in Texas to rule out mycotoxin exposure. The
IgeneX Immunoblot revealed evidence of prior exposure to Lyme disease (IgG Immunoblot:
23 kda+ (Osp C), with weak positive bands at 31 kda (OspA) and 93 kda); Babesia titers and
Babesia FISH were negative (B. microti, B. duncani), and a Bartonella Immunoblot IgM /IgG
showed exposure to Bartonella species at the genus level, with positive exposure to B.
quintana and negative Bartonella FISH. Adrenal testing revealed severe adrenal insufficiency
with stage 3 adrenal dysfunction, where all four cortisol levels were significantly below
the normal range (morning cortisol level of 6.6 nmol/L, optimal range: 14-25; noon
cortisol level of 0.97 nmol/L, optimal range: 2.1-14; evening cortisol level of 0.91 nmol/L,
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optimal range 1.5-8.0; and nighttime cortisol level of <0.33 nmol/L, optimal range 0.33-7.0).
Mycotoxin testing was also positive for exposure to 3/5 mycotoxins: trichothecenes (0.1390,
normal range: <0.07 ppb), gliotoxins (2.2890, normal range: <0.5 ppb), and zearalenone
(0.9180, normal range: <0.5 ppb).

The assessment and plan, after reviewing the clinical presentation, physical examina-
tion, and laboratory testing was that the patient suffered from active Lyme disease due to
her migratory joint pain and CDC-positive IgG Western blot with a spinal tap confirming
prior evidence of Lyme disease, active Bartonella due to two positive Bartonella FISH tests
through TLab with evidence of Bartonella striae, foot pain/plantar fasciitis, and ongoing
neurological symptoms, including a movement disorder with severe neuropsychiatric
symptoms of anxiety, OCD, and psychosis, despite almost 4 years of oral, IM, and IV antibi-
otics, along with B12 and Vitamin D deficiencies, severe adrenal insufficiency, mycotoxin
exposure, mild to moderate POTS/dysautonomia with vagal dysfunction and gastroparesis,
intermittent supraventricular tachycardia, possible reactive hypoglycemia/Candida and
leaky gut with multiple food sensitivities, and possible mast cell disorder. For her B12
deficiency, she was given one methyl protect per day (Xymogen) with methyl B6, methyl
B12, and methyl folate. She was given K Force (K2D3, 5000 IU, Ortho Molecular) for
vitamin D deficiency, along with a strict hypoglycemic yeast-free diet, avoiding sensitive
foods in a rotation diet, using bovine immunoglobulins and spore-based probiotics for
her leaky gut. This consisted of Mega IgG 2000, two capsules twice a day (Microbiome
Labs), and MegaSpore, one capsule twice a day (Microbiome Labs). She was also given
adrenal support with adaptogenic herbs (Adrenal Essence, two capsules with breakfast,
Xymogen) and an adrenal glandular capsule at breakfast and lunch (Adrenaliv, Xymogen)
for her phase III adrenal dysfunction, slowly increasing the dose to two capsules twice a
day, misoprostol (Cytotec) 200 mcg 3 x per day with ondansetron (Zofran) 4-8 mg Q8 prn
for her nausea and gastroparesis, and finally, valerian root (SynovX calm, Xymogen) 2 x per
day with GABA-L-theanine (CopaCalm, Ortho Molecular), 1-2 dropperfuls prn for her anx-
iety. Calm abiding meditation and biofeedback training (https://www.heartmath.com/,
accessed on 21 April 2024) were also suggested for her anxiety and vagal dysfunction.

We discussed with the patient that multiple intracellular antibiotics using biofilm
agents and persister drug regimens are usually necessary in order to effectively address
chronic active Lyme disease and Bartonella (i.e., minocycline or doxycycline, azithromycin,
rifampin, PZA, dapsone, and methylene blue) and that although she had taken disulfiram
and dapsone in the past, based on published medical research, the doses would have
been inadequate to control and effectively eliminate the infections. Also, due to her prior
gastrointestinal problems with oral antibiotics, we would need to provide extra GI support
prior to starting the protocol. She was therefore prescribed famotidine 10 mg, up to 20 mg
twice a day, Cytotec (misoprostol) 200 pg twice a day, and GlutAloeMine (Xymogen) with
glutamine, aloe vera, and deglycyrrhizinated licorice, one scoop twice a day, to support her
gastrointestinal function and improve tolerability. We therefore started one antibiotic at
a time to ensure GI tolerance and try and limit the possibility of severe neuropsychiatric
Herxheimer reactions, along with low-dose naltrexone (LDN) 4.5 mg QD in the morning
for neuroinflammation/microglial activation.

Her first regimen consisted of Plaquenil (hydroxychloroquine) 200 mg PO BID, minocy-
cline 100 mg PO BID, and nystatin tablets 500,000 units to PO BID, taken together after
breakfast and dinner. She was instructed to take minocycline on a full stomach, avoiding
dairy products and minerals (magnesium, zinc, copper, iodine, etc.) within one hour, taking
it with a full 8-ounce glass of water sitting up to avoid any possible reflux esophagitis. This
was taken with grapefruit seed extract, two capsules twice a day, along with Plaquenil, to
address the cystic/cell wall-deficient forms of Borrelia. For biofilms, she was prescribed
cinnamon/clove/oregano oil capsules, one twice a day, Biocidin, two sprays twice a day,
working up the dose slowly based on tolerance, Stevia drops, 15 drops twice a day, and
peppermint oil capsules, one twice a day. For microbiome support, she began taking four
different probiotics, upon awakening and at bedtime, one hour away from antibiotics,
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i.e., Theralac (Master Supplements, Victoria, MN, USA), one twice a day, Ortho Biotic
(Orthomolecular), one twice a day, Saccharomyces boulardii (Ortho Biotic), one twice a day,
and %2 a scoop of Probiomax 350 billion (Xymogen), one twice a day. Once this regimen
was tolerated, after one week of taking minocycline, Plaquenil, and nystatin, while keeping
a diary of any symptom changes while starting this regimen, she then added oral rifampin
300 mg twice a day to the Plaquenil, minocycline, and nystatin. We explained that rifampin
can change the drug levels of her medication (psychiatric drugs and birth control pills)
and that she needed to be in contact with her psychiatrist regarding tapering down her
medications so that she could eventually start methylene blue. The psychiatrist began
a slow 4-week taper of sertraline and aripiprazole so that by month 2, she could begin
dapsone combination therapy. In week 3, once the minocycline and rifampin were well
tolerated, she added pyrazinamide, 500 mg tablets, three tablets once a day, and in week 4,
as GI tolerance was good without severe Herxheimer reactions, azithromycin 250 mg PO
BID, was added 4 days in a row per week (Monday through Thursday).

During the second month of therapy, the patient began dapsone combination therapy
with 25 mg of dapsone once a day for several days, increasing to 50 mg per day for several
days, then increasing to 75 mg per day for several days, and holding at 100 mg per day
as long as there were no significant Herxheimer reactions. A rapid increase in dosing was
possible as she had already been on dapsone 100 mg in the past and tolerated it. It was only
higher dosing that resulted in severe Herxheimer reactions with episodes of supraventricu-
lar tachycardia, but she had not been diagnosed with glutathione deficiency at the time
of her first dapsone protocol (which would theoretically increase Herxheimer reactions),
nor had she used a beta blocker on a regular basis for her POTS. Nutritional supplementa-
tion, therefore, included blocking NFKappa B with NAC 600 mg BID (which would also
support glutathione production), alpha lipoic acid (Alamax CR, Xymogen) 600 mg PO BID
(which helps regenerate glutathione while lowering down free radical/oxidative stress),
and glutathione 500 mg PO BID (Orthomolecular), gradually increasing the amount in the
second month as the dapsone dose increased. Nrf2 activation, to help support a healthy
inflammatory response, was begun with turmeric (Curcuplex CR, Xymogen), one twice a
day, and sulforaphane glucosinolate 100 mg PO BID (Oncoplex ES, Xymogen); low-dose
melatonin, ¥ tablet of a 3 mg dose (Xymogen, melatonin CR) was used at bedtime to block
NLRP3 inflammasomes, a third inflammatory pathway. These nutraceuticals were taken
with folic acid support, i.e., leucovorin (folinic acid) 25 mg, two in the morning and one
in the evening (total of 75 mg per day), along with L-methyl folate (Folafy, Xaquil XR,
and Xymogen) 15 mg, two in the morning and one in the evening. The methylene blue
was slowly begun in week 5, at a dose of 50 mg PO BID, once dapsone dosing was at
100 mg per day, and a low dose beta-blocker, i.e., metoprolol XL, 25 mg per day, was added
secondary to the prior episodes of supraventricular tachycardia that previously resulted
from higher-dose dapsone combination therapy. She was instructed to complete four weeks
of double-dose dapsone combination therapy (100 mg of dapsone twice a day, i.e., DDDCT),
followed by her first 4-day pulse of high-dose dapsone combination therapy (200 mg of
dapsone twice a day, i.e., HDDCT) for Bartonella at the end of the therapy.

As of June 2022, one month into the treatment, although the patient noticed Herx-
heimer reactions with moderate fatigue, brain fog, body spasms, and continuation of her
movement disorder, there were marked improvements in anxiety, headaches, and neuropa-
thy, which was now non-existent, and her Babesia symptoms (night sweats) had resolved,
along with an improvement in tinnitus. During the second month on double-dose dapsone
combination therapy (DDDCT), however, the azithromycin had to be DC’d secondary to
stomach upset, although she was able to continue with the minocycline, rifampin, PZA, and
dapsone. Cimetidine 400 mg PO BID was therefore added in month two to help manage
potential symptoms of methemoglobinemia and GI upset, along with famotidine 10 mg PO
BID, antioxidants (Vitamin C, Vitamin E, glutathione, and NADH), and methylene blue.
There were no symptoms of SVT during DDDCT, and she was encouraged to try re-adding
azithromycin 250 mg PO BID in the last week of therapy with a 4-day pulse of HDDCT
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to treat her chronic Bartonella, along with hydroxychloroquine 200 mg PO BID, rifampin
600 mg PO BID, minocycline 100 mg PO BID, PZA 1500 mg QD, dapsone 200 mg PO BID,
and methylene blue 300 mg PO BID.

She completed the first round of DDDCT and 4-day HDDCT pulse by August 2022,
and nine days post completion, she went from 40% of normal functioning prior to therapy,
to 70% of normal functioning. There had been improvements in fatigue and brain fog, which
were now mild-moderate in intensity, with no headaches, rare neuropathy symptoms,
less lightheadedness and anxiety, mild joint pain, and no night sweats, although she still
complained about the loss of focus during conversations and mood swings, with moderate
depression. Her seizure-like episodes/movement disorder had resolved for the first time
in several years. She was advised to increase her AdrenaLiv further for phase III adrenal
dysfunction if resistant fatigue persisted while staying on a strict hypoglycemic, candida-
free diet and following a one-month mitochondrial regeneration with ATP 360, 3 QD
(Researched Nutritionals), CoQ power 400 mg BID (Researched Nutritionals), acetyl-L-
carnitine 2 PO BID (Carnitex, Xymogen), and NADH 5 mg QD (ENADA). During the period
without antibiotics, in between future HDDCT pulses, a mold protocol was begun for her
mycotoxin exposure, with phosphatidylcholine 2.5 g PO BID (BioPC Pro, Orthomolecular),
glutathione 500 mg PO BID (Orthomolecular), glucomannan (Optifiber Lean, Xymogen),
one scoop QD, 1 h away from medications and supplements, in between breakfast and
lunch for trichothecene exposure, and G.I. Detox (BioBotanical Research) with charcoal and
bentonite clay, 2 h away from medications and supplements, between lunch and dinner.
All other supplements (NAC, Alamax, probiotics, biofilm agents, etc.) were continued.

In September 2022, one month post DDDCT and her first 4-day HDDCT pulse, the
patient had been feeling 100% of normal functioning for the first time in years, and then
several days prior to her menstrual cycle, the symptoms relapsed for 3 days, with a return
of night sweats, fatigue, joint pain, and mood swings. These symptoms promptly resolved
once she had her menses, where she became completely asymptomatic with no fatigue
or mid-day energy level crashes and no myalgias, joint pain, headaches, neuropathy,
lightheadedness, movement disorder, or brain fog. Her mood had also improved, but
she decided to go back on sertraline 50 mg QD to stabilize her symptoms. By October
2022, two months post dapsone combination therapy, her laboratory values had almost
returned to normal, staying on folinic acid (leucovorin) with L-methyl-folate in tapering
doses. She had a hemoglobin level of 12.7 (prior Hb was 13.5 gm) and a hematocrit level of
38.4% (prior Hct was 40.7%), and her CMP was WNL. However, her symptoms began to
relapse 2 months post treatment, with mild fatigue, mild joint pain (hips, as knees were
improved), mild headaches, and mild-to-moderate cognitive issues, with difficulty falling
asleep. Her ‘pseudo seizures’ also began to return with an intermittent movement disorder.
We, therefore, discussed tapering off her sertraline and performing a second HDDCT pulse,
slowly adding in Plaquenil 200 mg PO BID, minocycline 100 mg PO BID, nystatin 500,000 U
PO BID, rifampin 300 mg PO BID, pyrazinamide 1500 mg QD, and azithromycin 250 mg
PO BID, with gradually increasing doses of methylene blue in week one, working up to
200 mg PO BID. In the last week, dapsone was added at a dose of 100 mg PO BID x 3 days,
for tolerance, finishing with a 4-day HDDCT pulse, i.e., dapsone 200 mg PO BID x 4 days,
along with leucovorin 25 mg, 2 PO BID, L-methyl-folate 15 mg, 2-3 PO BID, with methylene
blue 200 mg PO BID. Due to her phase III adrenal dysfunction, where her fatigue was
especially prominent in the morning, we increased her adrenal glandular, Adrenaliv, to
three in the morning and one in the evening to stabilize her energy level and improve the
tolerability of the protocol.

In early December 2022, one month after her second 4-day HDDCT pulse, with MB at
a dose of 200 mg PO BID, the patient was much better. Her level of functioning went from
30% to 95% of normal functioning. There was an improved energy level, with mild fatigue,
no Babesia symptoms, no further headaches, arthritis, or neuropathic symptoms, and only
mild brain fog, although there was an episode of vaginal yeast, secondary to some dietary
indiscretions with sugar, which required an OTC antifungal (vaginal miconazole). When



Microorganisms 2024, 12, 909

24 of 56

she had her menses at the end of the month, it felt like the movement disorder was going to
return, but it never did, which was markedly improved since the month prior to treatment.
During the one month off antibiotics, she decided to go back on aripiprazole 10 mg for her
history of anxiety, although her prior psychiatric symptoms never returned, and in between
her antibiotic pulses, she began a mold detoxification protocol for her mycotoxin exposure.
She started phosphatidylcholine (BioPC Pro, Ortho Molecular) 2.5 g PO BID, NAC 600 mg
PO BID, glutathione 500 mg PO BID, glucomannan (OptiFiber Lean, Xymogen), one scoop
between breakfast and lunch, and G.I. Detox (BioBotanical Research) with bentonite clay
and charcoal, two hours away from all medications and supplements. She also completed
a mitochondrial regeneration protocol (ATP 360, 3/day; Co-Q Power, 1 BID; carnitex 2 BID;
NADH 5 mg/day) with biofilm agents, probiotics, and adrenal support. She remarked
that these helped her to feel better, especially the glutathione and adrenal supplementation,
which stabilized her energy level. There was no further evidence of gastroparesis, and her
POTS symptoms were better post therapy, although, if she rapidly changed position, she
noticed some palpitations and dizziness. She was instructed to send us 10 days of daily
sitting and standing BP and pulse readings and to drink at least eight 8-oz. glasses of water
per day with extra salt, while remaining on a strict hypoglycemic diet.

In early January 2023, two months after completing the initial 8 weeks of DDDCT and
her second 4-day pulse of HDDCT, she had been feeling great, but she traveled to South
Africa and contracted a cold (not COVID), and her symptoms began returning after her
viral exposure and menses. She experienced mild-to-moderate fatigue, mild migratory
joint pain, occasional headaches, slight tinnitus, mild cognitive problems, and frequent
episodes of yawning (30 x the day prior, which was an old symptom), and her movement
disorder began to return. There were still no night sweats, lightheadedness while standing
(POTS symptoms were improved), or neuropsychiatric symptoms. Her adrenal support
was increased to three Adrenaliv in the morning and two in the early afternoon, which
improved her energy level, and her last counts from several months ago showed mild
anemia with an Hb of 11.3 and Hct 36%. She was instructed to go back on her probiotics,
taper the aripiprazole, and increase the iron in her diet while rechecking her labs and
preparing for a third HDDCT pulse in mid-January 2023. In this round, her third 4-day
pulse of HDDCT, she was instructed to increase her methylene blue dose from 200 mg PO
BID to 300 mg PO BID for the first time.

In mid-February 2023, one month post therapy, the patient was feeling better, func-
tioning at approximately 70% of the normal level. She tolerated the quadruple dapsone
well, with only minimal Herxheimer reactions. There was mild improvement in fatigue,
but she ran out of her adrenal supplements, which interfered with her progress. The joint
pain was now only in her left hip, without migratory pain anywhere else, and there were
small improvements in her cognition such that her brain fog was better, with no headaches,
yawning episodes, neuropathy, or ‘pseudo-seizures’, although she described some unusual
‘tics” with eye blinking twice a week during the month, which was a new symptom. There
was no more stuttering, and her mood was good. However, she reported having another
viral exposure right before receiving her third pulse, which had increased her symptoms.
Her most resistant symptoms at this point in time were fatigue, which appeared to have
a significant adrenal component, intermittent mild joint pain (3/10 intensity), and rare
body ‘jerks’, although she was significantly better than 10 months prior, during her initial
consultation. She felt she needed a fourth pulse for her resistant symptoms and working
around her school schedule, and she decided to decrease the antibiotic pulse to an 11-day
protocol, rather than 14 days, by quickly ramping up the minocycline, rifampin, PZA, and
azithromycin in week 1 since she had not had any GI problems with the antibiotics in
the past.

By March 2023, one month after her third 4-day pulse of HDDCT, with dapsone
200 mg PO BID and 300 mg of MB PO BID, the patient was “feeling really good”, up to
95% of normal functioning. She noticed that her fatigue was the only mild symptom that
remained, although it continued to improve day by day and week by week. Her headaches
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and neuropathy were now gone, her sleep was better, there were no further yawning
episodes or ‘pseudo seizures’, and her cognition was also 100% back to normal. Mild
fatigue was the only remaining symptom, and to address the fatigue, she was to instructed
stay on her adrenal support, folic acid, methyl B12, and Fe to reverse the dapsone-induced
anemia and to complete a one-month mitochondrial regeneration protocol, taken after each
pulse of dapsone combination therapy. Apart from using ATP 360, CoQ Power, carniteX,
and ENADA, we now added enhanced mitochondrial support with MitoNR (Designs for
Health), two a day, with Mitoprime (Xymogen), one a day, to help with the regeneration
of glutathione.

The next follow-up was 6 months later, feeling what she labeled as ‘great.” Although
after the third HDDCT pulse, she went two months without symptoms, she now had a
4-month stretch after her fourth high-dose dapsone pulse, where she was asymptomatic,
without Herxheimer flares around her menstrual cycle. However, two months ago, after
being jet lagged while returning from South Africa, she began to “feel off”. Her mother
had been sick during the prior 2 months with COVID-19 and long COVID symptom:s,
and it was unclear if the patient had silently contracted COVID-19 during this period of
time. Residual Bartonella symptoms were returning, with increasing fatigue and a relapsing
movement disorder. Abnormal myoclonic movements had now returned twice a week
during the prior two weeks, although the intensity and frequency of the movements were
less intense and less frequent compared to her initial clinical presentation. We discussed
receiving another HDDCT 11-14-day pulse, but because she was back in school and feeling
a lot better after the last round of treatment, she decided to hold off on the dapsone pulse
until she finished her exams and had a break from school. She started back on probiotics to
prepare her Gl tract, and in early October 2023, she received her fifth dapsone pulse but her
first 6-day HDDCT pulse.

During the November visit in 2023, 5-6 weeks after her high-dose 6-day pulse, she
remarked that certain symptoms came out for the first time when she extended the HDDCT
pulse from 4 to 6 days. During the pulse, neuropathy returned at bedtime, with intermittent
numbness on the right side of her face, lasting several hours, and then going away. Bartonella
striae also returned on her left shoulder and back, right before receiving her first 6-day
high-dose dapsone pulse, confirming an active infection; however, the longer the timeframe
from the last pulse, the better she was feeling. During her sixth week post treatment, her
level of functioning went from 75% to 95% of the normal level. Her symptoms included
mild fatigue and brain fog, mild, rare tinnitus, and a slight problem with her equilibrium,
although her “pseudo seizures’/movement disorder had not returned during the past
6 weeks. There were also no further arthritic symptoms, and her mood was normal, with
no further anxiety, OCD, or hallucinations. We told her to stay on a small dose of Abilify
(aripiprazole) 2.5 mg/day while she was recovering and until she had her follow-up with
her psychiatrist. By the end of December 20, 2023, approximately 2 % months post four
4-day HDDCT pulses and her first 6-day HDDCT pulse (five pulses in total), the patient
was feeling 90% back to normal. Her arthritis, which usually returned during her menses,
had stayed in remission, and she tapered off her Abilify with normal moods. Her only
symptoms included slight residual fatigue (she was also traveling a lot), mild intermittent
brain fog (which is presently gone), and mild intermittent neuropathy of the feet, which
returned after her last menstrual cycle. She felt as if one more dapsone pulse would be
sufficient to put her in remission and planned to start her second 6-day HDDCT pulse at
the end of December 2023.

By the end of January 2024, it was approximately three weeks post dapsone for
the patient. She now had completed DDDCT and four 4-day HDDCT pulses, with her
second 6-day HDDCT pulse (6 days of 400 mg of dapsone with 600 mg of methylene
blue). The patient reported that the “treatment was intense”, but the Herxheimer reactions
were significantly less than the last round of treatment, with only two days of increased
symptoms. The first week post dapsone, she was still recovering, but approximately three
weeks post dapsone, the patient reported “I am feeling great! I have absolutely zero brain
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fog and overall I am feeling excellent. There were some moments (very few of them) when
I'had not felt well, but overall, considering it has only been three weeks, I can truly say that
I have never felt better!” The patient waited several weeks to start the supplements post
dapsone (high-dose folate and mitochondrial support) as she felt that she needed a break
while traveling to NY but restarted them at the end of January, with a repeat laboratory
evaluation in February 2024, with a CBC, a CMP, and methemoglobin level.

2.3. Case 3

A 35-year-old white female with a past medical history significant for chronic fatigue
syndrome/fibromyalgia, phase 3 adrenal dysfunction, Raynaud’s phenomena, Helicobac-
ter pylori, parasites (pinworms), acne/eczema, depression/anxiety with post-traumatic
stress disorder (PTSD) secondary to a history of multiple episodes of sexual abuse, chronic
gynecological issues including polycystic ovarian syndrome (PCOS), bacterial vaginosis,
herpes simplex virus-1 + 2 (HSV-1, HSV-2), human papillomavirus (HPV), frequent urinary
tract infections (UTIs) with pyelonephritis, requiring 18 months of nitrofurantoin (Macro-
dantin) PO QD, candidiasis, black mold exposure with mild elevations of mercury in the
blood, low blood pressure with syncope, and reactive hypoglycemia with palpitations,
presented to our medical office in May 2020 with a long list of medical complaints. Her
chief complaints were severe, unrelenting fatigue, depression/anxiety, musculoskeletal
pain with tension in the neck and shoulders, migratory neuropathy, insomnia, weight gain,
severe memory/concentration problems, low-grade fevers with night sweats, shortness
of breath, swollen glands and sore throats that would come and go, intermittent blad-
der symptoms with urinary tract infections (UTIs), intermittent stomach pain, occasional
headaches/migraines, intermittent tremors, lightheadedness, palpitations, twitching of the
eyelids, occasional double vision, lack of sleep, and tinnitus.

Her symptoms started in 2008 when she was living in Germany. She did not see a tick
bite but was living in the woods while attending a small university. Her symptoms started
with restless leg syndrome and aching muscles of the lower extremities, which subsequently
spread to her arms in April 2008. This was followed by symptoms of tingling in the lower
extremities, which then spread to the upper extremities and face. After studying abroad,
she returned to the United States to study in a midwestern state, but physicians there
were unable to provide a diagnosis or treatment to help her symptoms. One year later,
she developed severe depression and anxiety after battling depression in high school
secondary to episodes of bullying and sexual abuse. She did intensive therapy with a
trauma counselor who did eye movement desensitization and reprocessing (EMDR) and
was treated with duloxetine (Cymbalta), fluoxetine (Prozac), and escitalopram (Lexapro). In
2010, she then began to experience increasing fatigue, insomnia (problems falling asleep and
frequent awakening), decreased memory and concentration, as well as chronic urinary tract
infections, bacterial vaginosis, and candidiasis. She went to a major medical center in Texas,
and secondary to her dizziness while standing with vertigo, she was checked for POTS,
with a negative head-up tilt table test (HUT). She was suspected to have multiple sclerosis
(MS) but had a negative MRI of the brain and spine. She was prescribed gabapentin for
her neuropathy without a clear etiology and was told her symptoms were secondary to
stress. She remained on gabapentin for two years, but it gradually lost efficacy over time,
despite increasing the dose. She then moved to San Francisco, where she saw a Lyme
disease knowledgeable physician, who diagnosed her with chronic Lyme disease, relapsing
fever, Babesia duncani, and anaplasmosis. He also diagnosed her with Helicobacter pylori
and was treated with nitazoxanide (Alinia) for six months after taking doxycycline for one
week, which was stopped secondary to nausea and vomiting. The nitazoxanide caused
weight gain and increased depression and anxiety; so, it was rotated to amoxicillin with
clarithromycin and omeprazole for approximately one year, without any improvement.
There were occasional Herxheimer reactions, with no improvement after stopping the
medications. She then reached out to another Lyme knowledgeable physician in January
2020, who suggested disulfiram, but it was never started because of her mental instability
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and work stress. The patient was working as a venture capitalist but was disabled due to
the severity of her symptoms, rating her level of functioning at 20% of the normal level.

During her initial history and physical examination, her social history was unremark-
able. She was on no medication, except for diphenhydramine (Benadryl) PRN for sleep,
with nutritional supplements, including NAC, glutathione, magnesium glycinate, cordy-
ceps, melatonin, valerian tea, St. John’s wort, 5 hydroxy tryptophan (5 HTP), adrenal
adaptogenic herbs, vinpocetine, and probiotics. Medication intolerances included vom-
iting with doxycycline, weight gain with nitazoxanide, and nausea with penicillin and
sulfamethoxazole/trimethoprim (Bactrim). Amitriptyline (Elavil) was ineffective for sleep.
Her family history was remarkable for melanoma (mother and father). Her work and
social life were significantly impacted by her CLD and co-infections, leading to heightened
psychiatric symptoms.

A review of systems was significant for low blood pressure with intermittent dizziness,
occasional episodes of syncope, low blood sugar and reactive hypoglycemia with weakness
after eating sugar, chronic candidiasis, low-grade fevers, chills, a 30-pound weight gain,
intermittent sore throats with swollen lymph nodes in the axilla and groin, intermittent
blurry vision/double vision with lack of sleep, tinnitus in the right ear, palpitations and
shortness of breath, both at rest and with exertion, exercise-induced asthma (cold weather),
frequent UTIs with one episode of pyelonephritis, intermittent outbreaks of HSV-1, HSV-
2, HPV, and bacterial vaginosis, decreased libido, migratory myalgias and neuropathy,
migratory joint pain in the wrists, fingers, hips, knees, and ankles, Raynaud’s phenomenon,
eczema (elbows) with pruritus after certain foods (beer and wine), migraines/headaches
around her menses, and striae which developed on her flanks, buttocks, and inner thighs.
She had cats growing up, receiving multiple bites and scratches, but had never been
diagnosed with Bartonella.

A physical examination revealed a well-nourished and well-developed white female
in no apparent distress. The patient was 5 feet and 8 inches tall, afebrile, and 174.4 pounds,
with a resting blood pressure of 132/87, a regular pulse of 98, and a respiratory rate of
18 per minute. There were no significant changes in blood pressure or pulse rate sitting or
standing, consistent with POTS, and her examination was essentially within normal limits,
with the exception of Bartonella-type striae on her flanks, buttocks, and inner thighs.

Abnormal results found in the medical records included a positive IgM Lyme Im-
munoblot 4/2018, positive Babesia duncani titer (1:40, increasing to 1:80 one year later),
human granulocytic anaplasmosis (HGA) titers at 1:80, positive IgM H. pylori antibodies,
positive Candida antibodies, mildly elevated serum mercury levels (6.7, normal range: <10),
low vitamin D and B levels, mildly elevated eosinophils (CBC), elevated C4a, an abnormal
CDSA with increased gram-negative bacteria, and phase 3 adrenal dysfunction with low
cortisol levels in the morning, at noon, and in the evening. The testing ordered during the
initial consultation included a CBC, a CMP, G6PD level, B12, folic acid, methylmalonic
acid, homocysteine, methylenetetrahydrofolate reductase (MTHFR), iron, TIBC, ferritin,
vitamin D level, ammonia level, natural killer (NK) cells (total and function), CRP, ESR,
ANA, rheumatoid factor, creatine phosphokinase (CPK), HLA DR 4, antiphospholipid
antibodies, antiganglioside antibodies, anti-myelin antibodies, mineral levels (magnesium,
selenium, copper, and zinc), serum heavy metals (mercury, lead, arsenic, and aluminum),
an IgE food panel, thyroid functions with anti-thyroid antibodies, insulin growth factor-1
(IGF-I), sex hormones (estradiol, progesterone, testosterone, DHT, free testosterone, and
sex hormone-binding globulin), DHEA sulfate, pregnenolone, MSH, ADH, VIP levels,
histamine, chromogranin A, tryptase levels, antigliadin antibody, TTG, total immunoglob-
ulins and subclasses, matrix metalloproteinase-9 (MMP 9), C3a, C4a, Stachybotrys titer,
glutathione levels, co-Q10 and carnitine levels, B vitamins, viral titers and PCRs (HHV-6,
EBV, and West Nile antibodies), and a parasite panel with antibodies for Entamoeba histolyt-
ica (amebiasis), Giardia, Strongyloides, and schistosomiasis. Local tick-borne testing through
Quest laboratories included a C6 ELISA, Ehrlichia and Anaplasma titers, Bartonella henselae
titer, vascular endothelial growth factor (VEGF), Rocky Mountain spotted fever antibodies,
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Q fever, typhus, tularemia, and Brucella antibodies. IgeneX laboratory testing included a
Bartonella Western blot, Bartonella FISH, and Babesia FISH.

Based on the patient’s history and laboratory work, she was diagnosed with chronic
Lyme disease, relapsing fever Borrelia, active babesiosis with occasional night sweats, chills,
low-grade fevers and shortness of breath, Anaplasma, probable active Bartonella, candidi-
asis, reactive hypoglycemia, possible occult POTS/dysautonomia due to her extensive
neuropathy and dizziness while standing with syncopal episodes, depression, anxiety,
premenstrual dysphoric disorder (PMDD), and PTSD secondary to trauma and abuse,
chronic insomnia with restless leg syndrome, chronic UTIs with possible interstitial cystitis
(IC) secondary to Lyme/Bartonella, intermittent outbreaks of HSV-1, HSV-2, and HPYV,
bacterial vaginosis, possible mold toxicity with mast cell activation and migraines, possible
heavy metal toxicity with mercury and tinnitus, phase 3 adrenal dysfunction, allergic
rhinitis with exercise-induced asthma, vitamin and mineral deficiencies, and possible
mitochondprial dysfunction.

During the follow-up consultation one month later, laboratory testing returned pos-
itive for mineral deficiencies (iodine, zinc, and iron, with low ferritin), elevated heavy
metals (aluminum), low glutathione levels, HLA DR 4 positivity with elevated autoim-
mune markers (ANA 1:80, anticardiolipin antibodies, antiganglioside antibodies, and phos-
phatidylserine antibodies), with an indeterminate Bartonella Western blot, and evidence of
prior exposure to Bartonella vinsonii sub spp. The Babesia FISH and Bartonella FISH were
negative, but tularemia and Brucella titers returned low level positive at 1:20, consistent with
possible cross-reactivity with other intracellular infections (like Bartonella). We discussed
starting with minocycline 50 mg PO BID after a full breakfast and dinner, working up the
dose slowly secondary to her prior intolerance to doxycycline, with nystatin 500,000 units
2 PO BID and triple probiotics and then, after discussing the risks and benefits of dapsone
combination therapy, we gradually added dapsone 25 mg PO QOD, increasing to 25 mg QD
one week later if there were no significant Herxheimer reactions. Leucovorin was started
at 25 mg PO QD with Folafy ER (15 mg of I-methyl folate) to address dapsone-induced
anemia, and the patient was to add rifampin in the future for Lyme disease and Bartonella
with methylene blue, biofilm agents, and potentially Macrodantin (Macrobid), depending
on her GI tolerance. N-acetylcysteine 600 mg PO BID and glutathione 500 mg PO BID were
prescribed for her glutathione deficiency, with a trial of 2000 mg of glutathione QD X 7 days
to evaluate the role of neurotoxins with her blurry vision, along with a multivitamin with
B vitamins and K2 D3 for vitamin deficiencies. Valerian root (Synovx calm, Xymogen),
two capsules HS and 1-2 PRN, was used for sleep and anxiety, with or without L theanine
100 mg PO TID, along with cyclobenzaprine 5 mg HS PRN for sleep, and we discussed
starting a regular meditation practice with her psychotherapy, along with a gentle exercise
program. A low histamine diet was prescribed for her pruritus, with possible mast cell
activation, which was beneficial, and a strict hypoglycemic diet improved blood sugar
swings and helped stabilize energy levels. Lauricidin (monolaurin), one scoop/day, was
added for biofilm/Candida support, we replaced her minerals (zinc, iodine, and iron) with
zinc glycinate 20 mg PO BID, a multimineral supplement (MinRx and Xymogen), and
FeSO4 324 mg, one a day (taken away from antibiotics to avoid interfering with absorption),
along with adaptogenic herbs for phase 3 adrenal dysfunction (Adapten-all, Ortho Molec-
ular; Adrenaliv, Xymogen, two capsules upon awakening and two at 2 PM). A RealTime
Laboratory mycotoxin test was given to the patient to do in the near future.

During the follow-up consultation in July 2020, the patient noted minor improvements
in her symptoms on minocycline 50 mg PO BID, nystatin 500,000 units 2 PO BID, dapsone
25 mg QD, and leucovorin 25 mg QD, with fewer myalgias, swollen lymph nodes, nausea,
vomiting, dizziness, and anxiety; however, fatigue, mood swings, insomnia, night sweats,
and brain fog had worsened. She was also complaining about gastroesophageal reflux
disease (GERD); so, famotidine 20 mg PO BID was prescribed. For her increased Babesia
symptoms with sweats, dapsone was increased from 25 to 50 mg per day, with Malarone
100/250 mg, 2 PO BID, and Coartem for PO BID x 3 days while increasing her minocycline
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to 100 mg in the morning and 50 mg in the evening. Limbic retraining with Annie Hopper
DNRS was helping her mood disorder, apart from regular psychotherapy, and for resistant
insomnia, although cyclobenzaprine 5 mg HS was beneficial, it still took her 90 min to fall
asleep with frequent awakening; so, Honokiol 2 HS with 200 mg of magnesium L-threonate
(OptiMag Neuro, Xymogen) was added to her sleep regimen.

At the end of August 2020, her night sweats initially worsened and then improved,
relapsing and remitting, with four pulses of Coartem and Malarone. Myalgias and neural-
gias, lymph node swelling, insomnia, and brain fog with cognitive difficulties were mildly
better with a higher dose of dapsone (50 mg) and the addition of Honokiol (now obtaining
eight to nine hours of sleep per night), with less pain in the soles of her feet (Bartonella),
but she still suffered from severe chronic fatigue, headaches, increased light and sound
sensitivity, and tremors. Rifampin was therefore added to minocycline and dapsone at a
dose of 300 mg, one PO BID, for resistant symptoms, and after one week on rifampin, she
was to begin slowly increasing the dose of dapsone (75 mg per day for one week, increasing
to 100 mg per day if tolerated) while concomitantly increasing her doses of folic acid with
leucovorin 25 mg PO BID and l-methyl folate 15 mg PO QD. Rifampin was held while on
pulse Coartem to avoid lowering levels of the medication, and cryptolepis sanguinolenta
(Crypto plus, Researched Nutritionals), 1 teaspoon three x per day, with artemisinin SOD
(Researched Nutritionals), was added for ongoing symptoms of babesiosis. During this
time, her mood continued to improve, despite rifampin potentially lowering levels of her
SSRI, which she attributed to DNRS, which was a “game changer”. A CBC, a CMP, and the
methemoglobin level were checked when she was up to dapsone 100 mg per day, which
showed no anemia or elevated levels of methemoglobin.

In November 2020, the patient had now been on dapsone 100 mg per day for 3 weeks
with Plaquenil, nystatin, minocycline, rifampin, triple biofilm agents (Biocidin, Lauricidin,
and oregano oil), and triple probiotics, and she noticed significant improvements in her
underlying symptoms. There were fewer fevers, sweats, chills (Babesia), anxiety, depression,
and gastrointestinal issues (no diarrhea or vomiting with GERD), improved energy levels
and headaches, and fewer tremors, with better sleep, i.e., 7 to 8 h per night. She still
complained about some mild pain in the soles of her feet and some carpal tunnel symptoms,
working on a computer keyboard for five to six hours per day. An ergonomic keyboard
was prescribed, which helped. Her worst symptoms included migratory joint pain in her
wrists, hips, ankles, and fingers, along with neck and shoulder pain and jaw pain/muscle
tension. A muscle relaxant, methocarbamol 750 mg, was prescribed, one PO TID PRN
during the day, continuing the same doses of antibiotics. Extra adrenal support was added
for 3 PM fatigue, increasing the dose of Adrenaliv to two capsules at 2 PM, along with
a strict hypoglycemic diet. By November 2020, the patient’s level of functioning had
increased from 25% of the normal level to 40% of the normal level, Candida was under
control, and there were no further Babesia symptoms. Since the patient was stable, with
normal hemoglobin (13.1 g/dL, normal range: 11.7-15.5), CMP, and methemoglobin levels
(0.00), the plan was to receive her first course of DDDCT, increasing dapsone to 100 mg
PO BID, with Plaquenil, nystatin, minocycline, and rifampin, while increasing her folic
acid (leucovorin at 75-100 mg per day and Folafy ER at 30-45 mg) and adding methylene
blue 50 mg PO BID, tapering off her selective serotonin reuptake inhibitor (SSRI) to avoid
potential interactions (serotonin syndrome). Ondansetron (Zofran) 4-8 mg Q8 PRN was
used if there was any nausea/vomiting, along with misoprostol (Cytotec) 200 ug PO BID if
any gastric upset occurred.

In early December 2020, the patient finished her first course of DDDCT. Compared
to 6 months prior, she had improved, with less fatigue, swollen lymph nodes, myalgias,
light and sound sensitivity, GERD, and bladder pressure, improved cognition, and fewer
mood swings (improved anxiety and depression), but she still complained about fevers,
drenching night sweats HS, which were waking her up, secondary to resistant Babesia,
restless leg syndrome (RLS), headaches, worsening joint pain in the wrists, hips, ankles,
and fingers, pain in the soles of her feet (consistent with active Bartonella), tremors, and
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unbearable neuropathy, despite using gabapentin 300 mg PO TID. Her labs were stable
post dapsone, with mild anemia, normal CMP, and no elevated levels of methemoglobin.
Her hemoglobin decreased to 11.1 g/dL (normal range: 11.7-15.5) /hematocrit 33.7 (normal
range: 35-45%); so, she remained on leucovorin 25 mg PO BID and Folafy ER once a day to
reverse the anemia, with nystatin, probiotics, and biofilm agents. At this point, she had
failed Babesia treatment with atovaquone, Zithromax, Coartem, Malarone, and antimalarial
herbs but had never taken tafenoquine. She was prescribed tafenoquine 300 mg one time
as malaria anti-relapse treatment and was told to contact our office in a week with the
results. If the RLS symptoms were to continue, dopaminergic agents such as ropinirole
would be considered.

In January 2021, one month post DDDCT, her laboratory values were within normal
limits (normal CMP and methemoglobin), and her anemia had completely reversed on
folic acid (hemoglobin of 14.7 g/dL and hematocrit of 44.2). She was improving weekly,
with most symptoms having improved, except for weakness in her limbs, neuropathy,
restless legs that would come and go, and pain in the soles of her feet. She had also
failed tafenoquine as a single anti-malarial medication, with ongoing flushing and night
sweats, and was not a candidate for clindamycin with her history of candidiasis; so, a
repeat course of Coartem, three days on and 11 days off, with cryptolepis and antimalarial
herbs, was prescribed, along with one month of a mitochondrial regeneration for her
weakness (ATP 360, three per day, Researched Nutritionals; co-Q power 400 mg BID,
Researched Nutritionals; acetyl-L-carnitine (Carnitex) 1000 mg PO BID, Xymogen; and
ENADA (NADH) 5 mg one PO QD). Famciclovir (Famvir) 250 mg PO BID was prescribed
for the suppression of viral infections as she was having intermittent herpes outbreaks,
and she was instructed to continue obtaining sitting and standing blood pressure and
pulse rates to rule out POTS with her ongoing weakness and history of dizziness with
pre-syncopal events.

In February 2021, the patient developed COVID-19, which led to an increase in all
her underlying tick-borne symptoms, including her sweats, chest tightness, fatigue, joint
pain, brain fog, headaches, and neuropathy. She had improved until that point. The
mitochondrial regeneration had helped her muscle weakness, and the nerve pain had been
better controlled the month prior on a long-acting gabapentin, i.e., gabapentin enacarbil
(Horizant) 600 mg PO BID. We discussed using a high-dose glutathione protocol (2000 mg
PO TID) for 14 days for COVID-19, along with NAC 1200 mg PO BID, alpha lipoic acid
(Alamax, Xymogen) 600 mg PO BID to block NFKappaB, Curcuplex (turmeric, Xymogen)
500 mg PO BID, and sulforaphane glucosinolate 100 mg PO BID (Oncoplex ES, Xymogen)
to stimulate Nrf2, along with 1 mg of melatonin at bedtime to block NLRP3 inflammasomes,
zinc 20 mg PO BID, vitamin C 1 to 2 g PO BID, K2 D3 (10,000 IU Vitamin D), and Immunotix
(3, 6 beta glucan, Xymogen). Since her worst symptoms were consistent with active Babesia
and Bartonella, we discussed a trial of a very low-dose Disulfiram 62.5 mg, every one to
two weeks, avoiding all alcohol, staying at low doses to avoid significant Herxheimer
reactions or increased neuropathy (immediately stopping for any neuropathic flares),
with a maximum dose of 62.5 mg QD, considering adding back on low-dose dapsone
for combination therapy. In order to keep down Candida and minimize antibiotic use,
we pulsed Zithromax 250 mg PO BID 4 days in a row per week with methylene blue
50 mg PO BID and considered adding pulse rifabutin, 150 mg, 2 PO BID one day per week
(for Bartonella persisters) if symptoms persisted, gradually working in minocycline and
pyrazinamide if there was an inadequate response. Fluconazole would be used PRN on
Sunday, several days off azithromycin if needed for any flareups of yeast.

In March 2021, the patient had improved to approximately 70% of normal func-
tioning, but due to an increase in GERD with occasional vomiting, increased tinnitus,
sound sensitivity (which was better the days off azithromycin), and bladder pressure,
methylene blue and Zithromax were DC’d, and she was rotated to Plaquenil 200 mg PO
BID, nystatin 500,000 units 2 PO BID, clarithromycin ER 500 mg PO BID with rifabutin
300 mg PO BID 2 days per week (Monday, Thursday). There had been no Herxheimer



Microorganisms 2024, 12, 909

31 of 56

reactions on disulfiram 62.5 mg per day; so, the dose was gradually increased over the next
7 weeks to a target goal of 125 mg per day, immediately stopping if there were any sig-
nificant increases in psychiatric symptoms or neuropathy. Biofilm support was extended
with cinnamon/clove/oregano oil twice a day. Laboratory values remained within nor-
mal limits, with a normal CMP and normal liver functions, zinc and iodine levels, and
hemoglobin/hematocrit levels off dapsone, continuing on leucovorin 25 mg PO BID. Dap-
sone 25 mg per day was therefore added back on for antimalarial support due to ongoing
night sweats QHS. MinRX (Xymogen) with 400 mg of magnesium glycinate was added at
bedtime for muscle spasms and jaw tension, and methylene blue was restarted at 50 mg
PO BID as her bladder symptoms had improved. One month later, she improved to 80%
of normal functioning with less flushing, myalgias, leg pain, breast pain, and joint pain
in the hands and soles of her feet, along with decreased blurry vision, light and sound
sensitivity, tremors, chest pain, nerve pain, and bladder pain. She still, however, suffered
from drenching night sweats, severe fatigue, neck and shoulder pain, headaches, swollen
axillary lymph nodes, and severe migratory joint pain in the knees, hips, ankles, wrists, and
fingers, along with severe brain fog. Glutathione helped her cognition, but her processing
speed was extremely slow. Due to the severity and recalcitrance of her Babesia symptoms,
methylene blue and rifabutin were DC’d, and she was given higher-dose atovaquone
750 mg, 2 teaspoons PO BID with a high-fat meal with clindamycin 300 mg, 2 PO BID,
ivermectin 13.5 mg QD (based on body weight), with artemisinin SOD (Researched Nutri-
tionals) one PO TID, and compounded cryptolepis sanguinolenta 30 drops TID in peppermint
oil (Infuserve America). She was told to restart azithromyecin if symptoms persisted.

By May 2021, she was up to 85% of normal functioning, with many symptoms hav-
ing improved, and she reported “feeling the best in a long time” but continued to suffer
from drenching night sweats, resistant insomnia, and increased pain in the palms and
soles of her feet, with a flareup of underlying symptoms 2 weeks post COVID vaccina-
tion. Clindamycin and dapsone were DC’d, along with folic acid supplementation, and
azithromycin 250 mg PO BID was added to atovaquone 2 teaspoons PO BID with sul-
famethoxazole/trimethoprim double strength (Bactrim DS) one PO BID with her prior
Babesia herbs. Once her Babesia symptoms had improved, the plan was to re-add intracellu-
lar medications for Bartonella (minocycline, rifampin, and pyrazinamide). Unfortunately,
her Babesia symptoms persisted, with drenching night sweats; so, Bactrim DS was DC’d,
and dapsone was worked back up to 100 mg per day with disulfiram 62.5 mg per day,
atovaquone, azithromycin, ivermectin, artemisinin, cryptolepis sanguinolenta, and biofilm
agents. We discussed going for a yearly eye exam and seeing her OB/GYN to evaluate
her hormones as she had ongoing menstrual bleeding for the past 2 1/2 weeks with an
intrauterine device (IUD), a history of ovarian cysts, and PCOS. One month later, flushing
and low-grade fevers had improved, but drenching night sweats continued, with increased
anxiety and rage over having chronic tick-borne diseases and having been misdiagnosed.
She continued seeing a therapist, following eye movement desensitization and reprocessing
EMDR therapy, and we discussed brain mapping with neurofeedback for her trauma. Since
she had failed clindamycin, atovaquone, azithromycin, Malarone, Coartem, tafenoquine,
double-dose dapsone, lower-dose disulfiram, and antimalarial herbs for babesiosis, we
discussed a trial of very low-dose mefloquine 250 mg, one-half pill per week, along with
a gradual increase in disulfiram to 125 mg per day (and higher if tolerated), which has
been shown to have an effect on Babesia, immediately stopping if there were any increase
in psychiatric symptoms or neuropathy. Fluoxetine (Prozac) was tapered and changed to
paroxetine (Paxil) 5 mg per day for her increased anxiety, gradually increasing to 10 mg
per day.

By July 2021, she had improved to 87% of normal functioning, with less muscle
and joint pain and a slight improvement in cognition, but neuropathy was still severe,
with neck/shoulder/TM] (temporal mandibular joint) pain, and she had drenching night
sweats up to 4x per night. The pharmacist did not initially fill the mefloquine. She was
now using ketamine twice a week, as per her psychiatrist’s instructions, since she had
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plateaued with Annie Hopper DNRS and Paxil. Atovaquone was DC’d, and she started
a rifampin pulse 300 mg, 2 PO BID one day a week for her resistant neuropathy, while
considering her first trial of HDDCT. She went back on dapsone 100 mg per day with
high-dose folic acid, started mefloquine, one-half pill twice a week, began using ivermectin,
and worked up her disulfiram to 250 mg PO BID for babesiosis. There were no significant
Herxheimer reactions with disulfiram and no increased psychiatric effects from mefloquine.
Although her sweats increased initially on mefloquine, they decreased by week 4; so, the
mefloquine was stopped, but the sweats relapsed several weeks later, and mefloquine was
restarted. Her primary symptoms in August 2021 included severe fatigue, pain, anxiety,
light sensitivity, and night sweats. Her Bartonella foot pain also had increased 3 weeks
prior. We discussed receiving her first round of HDDCT for resistant Lyme, Babesia, and
Bartonella symptoms, and tapering down her SSRI while avoiding histamine-sensitive foods
to avoid potential side effects of using methylene blue (MB), i.e., serotonin syndrome,
and/or hypertension due to an MAO (monoamine oxidase inhibitor) type effect. She
was placed on MegalgG (bovine immunoglobulins, Microbiome Labs, Glenview, IL, USA)
and MegaSpore probiotics (Microbiome Labs) for extra GI support for her histamine-type
reactions with foods.

By October 2021, the patient had completed her first course of HDDCT with dapsone
200 mg PO BID for 4 days, along with Plaquenil 200 mg PO BID, nystatin 500,000 units 2 PO
BID, minocycline 100 mg PO BID, rifampin 300 mg PO BID, disulfiram 250 mg PO BID, and
methylene blue (MB) 100 mg PO BID. She noticed a “massive improvement” in symptoms,
rating her percent of normal functioning at 98%. Joint pain had decreased in all of her
joints, except her knees; her neck and shoulder pain was less severe (feeling like it was
related to a prior whiplash injury), and pain decreased in the palms and soles of her feet to
2/10 intensity, only twice a week, although neuropathy was still present on the top of
her head, one of her earliest Lyme disease and tick-borne symptoms. Her anxiety felt
work-related, and ketamine infusions had significantly helped her underlying psychiatric
symptoms over time. She therefore decided to do a second course of HDDCT, this time
following an 8-day dapsone course with 4 days of double-dose dapsone and 4 days of
high-dose dapsone with her prior antibiotics, DSF 250 mg PO BID and methylene blue.
After a Herxheimer reaction, the neuropathy on the top of her head was gone by November
2021, joint pain in her knees, ankles, and wrists had decreased in frequency and almost
disappeared, neck and shoulder pain was better, brain fog was gone, the pain in the
palms and soles of her feet were less intense, and her bladder pressure was gone, even with
methylene blue, implying a probable overlapping interstitial cystitis (IC) from Lyme disease
and Bartonella. Adrenal support was increased in the morning and afternoon for increased
fatigue by 3 PM, as a repeat salivary DHEA /cortisol test showed low cortisol levels in the
morning (5.1 nmol/L, optimal range 14-25), and low cortisol levels at noon (1.3 nmol/L,
optimal range 5-10). Laboratory values posttreatment in December to January 2021 were
within normal limits, with a normal CBC (hemoglobin of 15.3 g/dL and hematocrit of
45.2%), normal CMP, and slightly low serum zinc (52.1 ug/dL, normal range: 60-120); so,
one extra zinc glycinate 20 mg per day was prescribed. An initial methemoglobin level
was elevated, at 7.6%, during treatment (normal range: 0-1.5) on dapsone and MB, but the
patient denied any significant symptoms of methemoglobinemia as she denied any blue
hands, blue lips, headaches, significant fatigue, or shortness of breath.

In January 2022, low-grade fevers, day sweats, and night sweats returned full-force
after a booster for COVID, along with increased myalgias (mild), neck and shoulder pain,
joint pain in the knees, wrists, and fingers (intermittent), light sensitivity, headaches, and
brain fog and worsening cranial neuropathy. She had been feeling better up until that point,
except for multiple herpes (HSV-1) flareups, requiring a course of famciclovir. Gastrointesti-
nal issues also returned with possible Candida post antibiotics; so, fluconazole 200 mg QD
X 14 days was prescribed with triple probiotics, followed by atovaquone, 2 teaspoons PO
BID, with a high-fat meal, nystatin 500,000 units, 2 PO BID, and Bactrim DS, one PO BID,
with artemisinin SOD, one PO TID, for relapsing babesiosis. When she finished that course,
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the plan was to discontinue Bactrim, DSF, and atovaquone, evaluate her clinical course,
and remain off antibiotics, eventually restarting doxycycline, rifampin, azithromycin, and
dapsone for a third pulse of HDDCT if symptoms persisted. Post HDDCT, all laboratory
results were WNL (CBC, CMP) with a mildly elevated methemoglobin at 1.8% (normal
range: 0.4-1.5) and ALT at 36 IU/L (normal range: 0-32). The patient received a third
course of HDDCT in February 2022 (4 days of DDDCT and 4 days of high-dose dapsone, i.e.,
HDDCT) and remained well, feeling almost 100% of her normal level until a skiing accident
3 weeks later. The trauma caused a relapse in symptoms, although her neuropathy and
fatigue had resolved for the first time in years, her mood was normal, and her cognition was
also back to 100% of her normal level before the accident. It took three pulses of HDDCT to
return to 100% of normal functioning, although sweats and anxiety were creeping back after
the skiing accident. She felt that her Bartonella symptoms were temporarily in remission,
and six ketamine infusions with two boosters helped significantly. The patient then had to
travel to Brazil for work and contracted COVID in April 2022, resulting in moderate sweats
and chills, sneezing, rhinorrhea, a mild dry cough, shortness of breath, loose stools, and
a severe sore throat with chest congestion. She was prescribed a 5-day course of nirma-
trelvir and ritonavir (Paxlovid), along with NAC, alpha lipoic acid, glutathione 2000 mg
2-3x per day, curcumin, Oncoplex ES, K2 D3, melatonin 1 mg HS, zinc 20 mg PO BID, and
Immunotix (3, 6 beta glucan) 500 mg QD. She had received two Pfizer vaccines and two
boosters to date, which she felt helped expedite her resolution of symptoms.

By June 2022, the patient was up to 98% of normal functioning, working out and
traveling internationally in a new job, although moderate sweats persisted, with occasional
quadricep and knee pain and pain in the bottom of her feet, lasting minutes and then
resolving. The third pulse of HDDCT significantly decreased joint and muscle pain, brain
fog, and light sensitivity and stabilized her mood, which was significantly better (along
with EMDR). She felt that every four-day pulse of HDDCT improved her health, although
mild symptoms persisted. She therefore did a fourth course of HDDCT. Her only residual
symptoms post COVID were increased herpes outbreaks, responding to valacyclovir, and
occasional UTIs. The last round of Babesia treatment flared her symptoms, and then, she
temporarily recovered. She required another 14-day course of fluconazole 200 mg per
day for Candida symptoms as she was unable to remain on a low-carbohydrate diet while
traveling, remaining on her biofilm agents with essential oils (cinnamon/clove/oregano oil
and Biocidin) and probiotics, which helped minimize Candida. Repeat laboratory testing
through IgeneX laboratories revealed a CDC positive IgM Lyme Immunoblot (23, 31+/—,
41, 93), which was essentially unchanged, except for a slight increase in banding at OspC
and decreased banding at Osp A. Babesia duncani IgM IFA went from 1:80 to <20, and
Babesia FISH was negative. A CBC, a CMP, d-dimer, CD4/CDS8 ratio profile, immunoglob-
ulins, hemoglobin Alc, fasting insulin levels, leptin, thyroid functions, mineral levels,
VEGE, and vitamin D levels were all WNL, except for an elevated IgM serum antibody
(328 mg/dL, normal level 26-217), positive EBV nuclear antigen IgG with a negative
Epstein-Barr PCR, and mildly elevated serum aluminum at 6 ng/L (normal range: 0-9).
Despite the negative Babesia FISH, there was no other explanation for her ongoing sweats
as pulmonary tuberculosis (TB) and a non-Hodgkin’s lymphoma (NHL) had been ruled out
(negative CXRs), all hormone studies were within normal limits, and Brucella titers were
low positive with a negative agglutination; so, she followed a longer course of tafenoquine
(loading dose of 200 mg QD x 3 days, then one QD x 6 weeks) with Malarone four QD,
ivermectin, Cryptolepis sanguinolenta, and artemisinin, which significantly improved her
sweats and Babesia symptoms.

In August 2022, she recovered from COVID for a second time using Paxlovid with
antioxidant and vitamin/mineral support (NAC, GSH, ALA, curcumin, Oncoplex ES,
melatonin, vitamin D, zinc, and Immunotix), with a lingering sore throat and postnasal
drip. She was placed on cetirizine (Zyrtec) 10 mg, one PO QD, with famotidine 10 mg
QD, cutting back on histamine foods. D-mannose, cranberry extract, and 1 teaspoon of
bioactive silver, Argentyn 23 QD (Natural Immunogenics, Sarasota, FL, USA) kept her UTIs
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in check. Her high-stress job, frequent travel, and some anxiety interfered with her sleep
(only receiving 6 h per night), requiring extra herbal support (Copacalm with GABA/L-
theanine, one to 2 dropperfuls HS, Ortho Molecular Products) while using trazodone
100 mg HS with cyclobenzaprine 5 mg HS PRN. Despite her insomnia, she nevertheless
reported feeling significantly better over time, where each pulse of HDDCT relieved a
resistant symptom, improving her health and resilience. She described each pulse as
“peeling an onion”, removing an underlying symptom. Her neck pain had been gone for
3 months, which recently returned with joint pain in her knees and elbows post COVID.
We discussed following a fifth pulse of HDDCT and receiving Gupta limbic retraining
for her history of anxiety, PTSD, and trauma. By November 2022, the longer course of
tafenoquine significantly helped decrease Babesia symptoms, and a fifth pulse of HDDCT
continued to improve her health, functioning at 98% of the normal level. Her biggest
improvements post HDDCT were a significant increase in energy level and cognition and
decreased neuropathy; however, she began complaining about increased sinus infections,
congestion, and bronchitis in August, with a return of UTIs, requiring antibiotics, which
led to a relapse of candidiasis.

Due to her stress, lack of sleep, and frequent infections, a repeat adrenal test was per-
formed, which showed phase III adrenal dysfunction with low morning and noon cortisol
below range; so, extra adrenal support was instituted, using Adrenaliv, two capsules upon
awakening and two capsules at noon with Adaptanall, two capsules in the morning, which
helped stabilize her energy level. A mold test was also sent to RealTime Laboratories to
evaluate her resistant sinus and URI symptoms, which returned positive for ochratoxins,
aflatoxins, trichothecenes, gliotoxins, and zearalenone. Lyme disease and Bartonella symp-
toms also appeared to still be playing an underlying role since they were flaring up around
her menstrual cycle, but otherwise, her fifth, four-day pulse of HDDCT kept the symptoms
in remission most of the month. She was started on a mold detoxification protocol with
phosphatidylcholine 3 g PO BID (Phosphaline 4:1, Xymogen), NAC 600 mg PO BID, glu-
tathione 500 mg PO BID, glucomannan (Optifiber Lean, Xymogen), one scoop in between
breakfast and lunch, and a charcoal/bentonite clay/zeolite binder (G.I. Detox, Biobotanical
Research), one QD mid-day, two hours away from all medications and supplements. By
November 2022, the patient continued to slowly improve, but her last bout of COVID led
to an increase in night sweats, Candida issues, and viral relapses with herpes outbreaks, and
she continued to complain about insomnia secondary to underlying anxiety and job stress.
A two-week pulse of fluconazole with berberine and Biocidin reduced Candida symptoms,
and she was treated with a repeat 6-week course of tafenoquine (loading dose 200 mg QD
x 3 days, then 200 mg Q week), ivermectin (based on body weight), and Malarone, 4 QD,
since the last round of treatment helped decrease Babesia symptoms. Trazodone 50-100 mg
HS, cyclobenzaprine 5 mg HS, and herbal support (Copacalm) eventually improved her
resistant insomnia.

Between August and December 2022, the patient contracted COVID for a third and
fourth time, with influenza A six weeks prior, resulting in increased fatigue, rhinorrhea,
a sore throat, and chest congestion. Oseltamivir (Tamiflu) 75 mg PO BID was prescribed
x5 days, and Paxlovid had to be repeated during one course of treatment secondary to
a relapse in symptoms post therapy. We discussed rechecking immune function with
immunoglobulins and subclasses, natural killer cells (total, function), and mineral and
vitamin levels, along with pre- and post-pneumococcal titers. No etiology could be found
for her frequent infections, apart from her history of low adrenal function and stress,
chronic insomnia, and mold toxins. The patient noted increased herpes flareups post
COVID despite being on Valtrex, which were associated with a temporary increase in sore
throats, joint pain, sweats (consistent with a Babesia relapse), and intermittent sore throats.
Transfer Factor Multi-immune (Researched Nutritionals) was added to 3,6 Beta glucan,
zinc, and glutathione for enhanced natural killer cell/immune support. A repeat course of
Coartem, three days on and 11 days off, was prescribed with ivermectin, Malarone, and
cryptolepis sanguinolenta, 1 teaspoon TID, for her sweats since she was leaving for South
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Africa in one month. She felt this Babesia treatment was more helpful than her last course of
tafenoquine. We discussed receiving a sixth course of HDDCT if the symptoms persisted,
gradually adding on minocycline, rifampin, azithromycin, and pyrazinamide in week one
and extending the course of dapsone to 6-7 days of dapsone 200 mg PO BID in the last
week, along with a higher dose of methylene blue at 300 mg PO BID. The patient would
taper off her trazodone and cyclobenzaprine prior to treatment to avoid interactions with
methylene blue (MB), remaining on a low histamine diet.

By February 2023, the night sweats had improved, but her worst symptoms included
moderate fatigue, resistant insomnia (4 h of solid sleep per night), weight gain, internal
tremors, twitching, myalgias, joint pains in the knees and elbows, with pain in the soles
of the feet, intermittent neuropathy (legs, occasionally hands, and scalp), headaches, light
and sound sensitivity, and brain fog. She felt that her continued unresolved trauma was
affecting her symptoms (although EMDR, Gupta limbic retraining, and ketamine infusions
significantly helped) [97], along with contracting COVID two more times (6 in total) [98].
She went for periods of time where she was relatively asymptomatic in between dapsone
pulses, and her symptoms with neuropathy would only flare up temporarily post COVID
and viral relapses. The prior five pulses of HDDCT had removed layers of her illness,
improving with each pulse, and her longest remission with Bartonella symptoms was four
months. We therefore prescribed a sixth pulse of HDDCT using Pyridium (phenazopy-
ridine) PRN for urinary discomfort on high-dose methylene blue, 300 mg PO BID. Her
prior HDDCT pulses were four days in length, with lower doses of MB. This was her first
14-day pulse of antibiotics, using a high-dose dapsone pulse for the last seven days, with
Plaquenil, nystatin, minocycline, rifampin, azithromycin, pyrazinamide, and a higher dose
of MB (300 mg PO BID) with antioxidant/nutritional support.

As of January 2024, the patient’s tick-borne symptoms were in full remission for
12 months or longer after the longer pulse of high-dose dapsone combination therapy. She
denied any fevers, fatigue, pain, headaches, neuropathy, anxiety, light and sound sensitivity,
or brain fog. She felt that the stress of her new job would occasionally cause herpes “tingles”
and that her sweats would only come out with trauma therapy but that otherwise she was
in full remission since no further Lyme/Babesia/ Bartonella symptoms were relapsing during
her menstrual cycle, which previously indicated an ongoing infectious load. A summary
table of co-infection status, MSIDS variables, and the number of DDDCT and HDDCT
pulses required to achieve remission in all three cases can be found in Table 1.

3. Minimizing Potential Side Effects of Dapsone Combination
Therapy/Prescribing Information

The potential side effects of HDDCT involve four basic categories of symptoms that
can be summarized as “Do No H.A.R.M.”, where H stands for Herxheimer reactions, A for
anemia (secondary to folic acid inhibition and potential hemolysis), R for rashes (if sulfa
sensitivity is present), and M for methemoglobinemia (decreased oxygen-carrying capacity).
These were addressed using medication and nutritional supplements/antioxidants with
anti-inflammatory effects, including glutathione, N-acetylcysteine, and alpha lipoic acid,
which block NFKappaB [99], and turmeric and broccoli seed extracts (sulforaphane glucosi-
nolate), which stimulate Nrf2 [100]. Glutathione, nicotinamide adenine dinucleotide with
hydrogen (NADH), vitamin C, vitamin E, and methylene blue were all used to decrease
methemoglobin levels [101-103], along with the occasional use of cimetidine to lower
methemoglobin in those with a history of significant methemoglobinemia [96,104], while
high-dose folic acid (folinic acid, i.e., leucovorin and L-methyl-folate) was prescribed to
minimize anemia from the inhibition of bacterial synthesis of dihydrofolic acid by dap-
sone [105]. In prior studies, folinic acid supplementation has been shown to help limit
myelosuppression, gastrointestinal toxicity, nephrotoxicity, and neurotoxicity, which can
result from high dosages of folic acid antagonists [106]. High-dose probiotics including
Saccharomyces boulardii were used to help prevent antibiotic-associated diarrhea [106,107].
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In order to minimize potential interactions with methylene blue, including serotonin
syndrome/toxicity [108], patients on psychiatric medications, especially a selective sero-
tonin reuptake inhibitor (SSRI), monoamine oxidase inhibitor (MAQI), and/or bupropion
(Wellbutrin), were told to taper their psychiatric medication if clinically stable and/or
consult with their psychiatrist before increasing the dose of methylene blue to a maximum
final dose of 300 mg twice a day. Dietary restrictions also were instituted, avoiding foods
high in tyramine, which can potentially produce a hypertensive crisis in the presence of
MAGOQIs and/or higher-dose methylene blue [109]. Patients were given a list of foods to
avoid during the protocol, which included aged cheese, aged chicken or beef liver, air-dried
sausage and similar meats, avocados, beer, wine (in particular, red wine), canned figs,
caviar, fava beans, meat tenderizer, overripe fruit, pickled or cured meat or fish, raisins,
sauerkraut, shrimp paste, sour cream, soy sauce, and yeast extracts [110]. Phenazopyridine
(Pyridium) was used at a dose of 200 mg TID prn if any urinary discomfort/burning arose
from the use of higher-dose methylene blue [111].

In our prior study [39], several patients took disulfiram (DSF) in combination with
HDDCT if they had previously failed to have adequate clinical improvement with either
drug regimen used alone or in combination, utilizing higher dosing if they failed prior
combination therapies. The patients signed a consent informing them of the potential
benefits and risks of DSF, including increased fatigue, brain fog/cognitive dysfunction,
worsening psychiatric symptoms, liver function abnormalities, and/or increased neuropa-
thy [112,113]. They were instructed to stop DSF immediately if there was any significant
worsening in underlying symptomatology, especially neuropathic symptoms [114], and
to contact our office immediately if any severe adverse effects were noted. The dose
of DSF that was used ranged from a lower-dose DSF (250 mg or less) to a higher-dose
DSF (500 mg/day). The majority of patients who took DSF in our study used doses of
250 mg/day or less to minimize the potential adverse effects and Herxheimer reactions.
The disulfiram dose was slowly increased over time, increasing the dose by 62.5 mg every
one to two weeks until reaching the target dose, which was based on efficacy and toler-
ance. The patients were instructed to use sodium bicarbonate or freshly squeezed lemons
and/or limes to alkalize the body if Herxheimer reactions resulted from the killing off of
Borrelia [115], along with N-acetyl cysteine, alpha lipoic acid, and high-dose glutathione
(2000 mg). These nutraceuticals can help to decrease inflammation through their blocking
effect on NFKappa-B, lowering inflammatory cytokine production. Apart from the above
nutritional supplements and dietary recommendations, the DSF group was also instructed
to avoid ingestion and exposure to alcohol to minimize gastrointestinal complications,
including nausea and/or vomiting, known side effects of DSF toxicity [116]. All patients on
tetracyclines were instructed to avoid direct sun exposure for more than several minutes
to avoid the possibility of sunburn, use a sun protection factor of 65 or above, take the
medication with a full 8-oz. glass of water after a meal, sitting up for one hour to avoid any
reflux esophagitis, and avoid concomitant use of dairy products and minerals within one
hour of the tetracycline to avoid decreasing the absorption of the medication [117].

Although both dapsone and disulfiram have demonstrated some efficacy against resis-
tant biofilm / persister forms of Borrelia burgdorferi [71,118,119], up to four different biofilm
agents were regularly used during the DDDCT and HDDCT protocols to improve efficacy.
These included Stevia [120], Biocidin [121], essential oils, including oregano, cinnamon,
and clove [122], and peppermint oil [123]. Rarely, a fifth biofilm agent, namely ethylenedi-
aminetetraacetic acid (EDTA) suppositories (Detoxamin, 750 mg) [124], was considered in
the last week of HDDCT if patients had extremely severe symptoms and/or had failed prior
regimens with DDDCT and HDDCT, with or without bioactive silver hydrosol (Argentyn
23), which was used for its antibacterial and synergistic effects [125]. If patients were on
DSF, monolaurin and serrapeptase were substituted as biofilm agents instead of using
Stevia and Biocidin since they do not contain any alcohol [126,127]. Grapefruit seed extract
and hydroxychloroquine were also used for their effects against the round body forms of
Borrelia [128,129].
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The medication and nutritional supplementation protocol sheet for double-dose dap-
sone combination therapy (DDDCT) and high-dose pulsed dapsone combination therapy
(HDDCT) for CLD/PTLDS outlined in detail the protocol that our three patients needed
to follow closely and is in our prior publication in Microorganisms, September 2023 [39].
This should be referred to for further reference. Some essential points from that publica-
tion include using a low histamine diet to protect against significant increases in blood
pressure while on higher-dose methylene blue (MB), avoiding certain psychiatric drugs on
MB due to the potential for serotonin syndrome, staying on a low-carbohydrate diet and
using up to four different probiotics to avoid promoting yeast/candida overgrowth while
on antibiotics, and ensuring that the patients were glucose-6-phosphate dehydrogenase
(G6PD)-positive without significant iron deficiency or vitamin deficiencies (B12 and folate)
before starting the protocol to avoid worsening anemia. Any medication interactions, due
to potential interactions with rifampin, cimetidine, macrolides, ondansetron, etc., were also
accounted for, as well as checking an EKG and QT intervals before and during the protocol
when several QT-prolonging medications were used (macrolides, hydroxychloroquine, and
ondansetron). Severe Herxheimer reactions [115] were addressed using 2 g of glutathione
all at once, up to three times daily until the Herxheimer reaction resolved [30,130], with
up to 2000 mg of glutathione 3x per day if symptoms of methemoglobinemia [94] (blue
hands, blue lips, headaches, fatigue, and shortness of breath) occurred.

After finishing the DDDCT and HDDCT protocols, a one-month mitochondrial regen-
eration program was given to all three patients, which was also given to all 25 patients
in our initial publication: ATP 360, three capsules once a day (Researched Nutritionals),
ENADA (NADH), one a day, carnitex (Xymogen), two twice a day (not for those with
alpha-gal allergy), CoQ Power 400 mg twice a day (Researched Nutritionals), Cardio Ribose
(Researched Nutritionals), one scoop twice a day, along with Mitoprime (Xymogen), one a
day, and Mito NR (Designs for Health, Suffield, Connecticut), two a day. Depending on the
patient’s symptoms, underlying conditions, and responses to the protocol, a cost-benefit
analysis of finishing each pulse with mitochondrial regeneration should be performed.

4. Discussion

The etiology of symptoms associated with chronic Lyme disease (CLD)/PTLDS has
been a highly debated topic in the scientific literature since the discovery of Borrelia burgdor-
feri in 1981 [131], where researchers and clinicians with opposing views have published
evidence-based clinical practice guidelines for the prevention, diagnosis, and treatment
of Lyme disease [3,132]. Both guidelines agree, however, on certain essential points in the
treatment of patients. First, the International Lyme and Associated Diseases Society (ILADS)
guidelines state that “different choices may be appropriate for different patients. . .and that
shared decision making to engage in a risk-benefit assessment that reflects the individual
values of the particular patient” is important [3], while the Infectious Disease Society of
America (IDSA) guidelines state that “guidelines cannot always account for individual
variation among patients. .. may not reflect the most recent evidence. .. should not be
considered inclusive of all proper treatments methods of care. .. and are not intended to
supplant physician judgment with respect to particular patients or special clinical situ-
ations” [132]. Personalized, precision medicine approaches are thereby implied in both
sets of guidelines, taking into account new advances in science, where it is important to
consider environmental, socio-economic, psychological, and biological determinants [133],
as well as practical applications and bioethics [134]. Two publications outlining the im-
portance of precision medicine approaches in 200 chronically ill Lyme disease patients
were published by Horowitz et al. in 2018 and 2019 [14,30], highlighting the important
role of overlapping sources of inflammation and downstream effects in the diagnosis and
treatment of CLD/PTLDS, and since the publication of the last ILADS guidelines in 2014
and the 2020 IDSA guidelines, there have been several new clinical studies outlining novel
effective treatments.
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Pothineni et al. published that disulfiram, a Federal Drug Administration (FDA)-
repurposed medication, can inhibit Borrelia in culture [120], while Liegner et al. demon-
strated that both low- and especially high-dose disulfiram regimens were able to put some
chronically ill Lyme patients into long-term clinical remission [114,115]. From 2016 to
2023, Horowitz et al. published eight studies on the efficacy of dapsone, another FDA-
approved repurposed medication, where dapsone was shown to be effective in culture
against the biofilm/stationary forms of Borrelia burgdorferi [75] and where over 375 patients
had statistical improvement in their Lyme disease and tick-borne symptoms using dapsone
combination therapy and the precision medicine MSIDS model [14,30,38,39,71-73]. An
evidence-based definition by the ILADS Working Group in 2019 further clarified the term
‘chronic Lyme disease’ (CLD), providing a literature review that validated the role of persis-
tent Borrelia burgdorferi sensu lato (Bbsl) infections in chronic disease [135]. Previous studies
in mice [136], horses [137], dogs [138,139], and macaques [140,141] proved that Borrelia
can establish a chronic, persistent infection post antibiotic therapy, and human studies
also showed that Borrelia can persist in the eyes [142,143], central nervous system [144],
ligaments [145], joints [146], intracellular compartments [147,148], macrophages [149],
fibroblasts [150], as well as in the cutaneous tissue with biofilm formation [151]. Im-
mune evasion by evading the complement system [152] and resistance to antimicrobial
peptides [153] while exhibiting pleomorphism [154] and changing forms in different envi-
ronmental conditions may also contribute to its ability to establish a persistent infection in
the host [155].

Biofilm formation by Borrelia burgdorferi sensu stricto and Bb sensu lato, both in cul-
ture [83,156] and in human studies [151,157], and the ability of the bacteria to form inactive
stationary forms/persisters in biofilm-like microcolonies, increasing inflammation while
contributing to antibiotic resistance [158], appear to be important mechanisms causing
persistent symptoms in CLD/PTLDS based on the success of dapsone combination therapy
in eight published studies. In the three case studies presented here, all three patients had
failed to achieve clinical remission with single-drug antibiotic therapy or combination
antibiotic therapy, whether it was PO, IM, or IV, during months or years of administration,
until adequate doses of persister drug regimens with biofilm agents were administered
and/or eventually pulsed. In case number 1, cefdinir 300 mg PO BID, grapefruit seed
extract (GSE), clarithromycin 500 mg PO BID, sulfamethoxazole/trimethoprim (Bactrim
DS), and atovaquone/proguanil (Malarone) were given for two years without antibiotic
rotations. Although the patient reported an improvement from 5% of normal functioning to
65% of normal functioning after one month of treatment, she then plateaued without further
improvement during the next 23 months, with flareups of significant flulike symptom:s,
fatigue, pain, and brain fog every three weeks. Once the patient was placed on dapsone
combination therapy, using two persister drugs, rifampin, and dapsone, even low-dose
dapsone (25 mg QOD) with doxycycline 100 mg PO BID, rifampin 300 mg PO BID, and
Malarone two PO BID led to an increase in energy levels, decreased joint and muscle pain,
decreased neuropathy and twitching, increased cognitive functioning, and an improvement
in Babesia symptoms. After following several months of higher-dose dapsone, 50-75 mg,
and one month of 100 mg of dapsone, by December 2018, 5 months off all antibiotics, she
remained at 95% of normal functioning, and there were no clear menstrual flares with
a relapse of underlying Lyme disease and tick-borne symptoms. Dapsone combination
therapy helped her to remain in remission for seven months until February 2019, and even
then, she was not sick enough to go back on antibiotics until April 2022, three years later,
several months post COVID, when tick-borne symptoms relapsed. Post COVID, there was
a return of night sweats several times per month, increased motion sickness, moderate
fatigue, and joint pain in the arms, legs, and hips several times per week (which would flare
up during her menstrual cycle), along with word-finding issues and moderate difficulty
thinking. Although she was significantly better than years ago with lower dose dapsone
combination therapy (maximum dose 100 mg), because she was going to college in a year,
we rechecked her tick-borne testing, and her Bartonella FISH returned positive. The patient
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did the full 9-week oral dapsone combination therapy with one month of double-dose
dapsone (100 mg BID) and 6 days of high-dose dapsone for Bartonella for the first time in
her illness and remained in full remission without any further return of TBD symptoms for
over one year. She still, however, required addressing MSIDS variables for her to remain
well. These include treating her POTS, CVID, phase 2 adrenal dysfunction with metabolic
syndrome/reactive hypoglycemia, and mold toxicity; yet, it was not until she followed the
higher-dose dapsone protocol with a tetracycline, rifampin, azithromycin, pyrazinamide,
and higher-dose methylene blue that her Lyme disease and Bartonella symptoms remained
in full remission, feeling 100% back to normal.

In case number 2, she also failed to achieve full remission for her TBD using single-
drug antibiotic therapy or combination antibiotic therapy (PO, IM, or IV) during months
or years of administration until adequate doses of persister drug regimens with biofilm
agents were administered and eventually pulsed. Her first Lyme disease protocol included
doxycycline and atovaquone/proguanil (Malarone), which was switched to cefuroxime
axetil, resulting in severe confusion, fatigue, and increased arthralgias. Over time, her
condition worsened. She was then given intramuscular (IM) ceftriaxone (Rocephin) twice
weekly with minocycline 100 mg twice a day, which improved her cognition and other
symptoms but was switched to IV ceftriaxone because of an inadequate response. She
subsequently saw another physician who treated her for Lyme disease and Bartonella,
where she took different cocktails of antibiotics during the next several years, including
hydroxychloroquine (Plaquenil), rifampin, azithromycin, pyrazinamide, and methylene
blue for two positive T Lab Bartonella FISH tests. Due to gastrointestinal (GI) upset and lack
of adequate efficacity, she was rotated over to IV medications and received nine months
of IV rifampin, IV azithromycin, and pulse IV ceftriaxone, along with eight months of
disulfiram. Despite these long-term oral and IV regimens, which used some persister
medications, she remained chronically ill with fatigue, pain, and resistant psychiatric
symptoms (hallucinations). One of the last pharmaceutical regimens, which she had tried
before coming to our medical office, was IV gentamicin, along with 16 months of oral and
IV treatment for Lyme disease and Bartonella. Yet, despite these protocols, she still tested
positive for active Bartonella by a FISH test through T Lab, although there had been some
clinical improvements. At the time of her presentation to our medical office, despite years
of ongoing oral and IV medication, her symptoms were relapsing off antibiotics during the
prior three months, including moderate fatigue, moderate joint pain in the hips and knees
that were migratory, neuropathy of the lower extremities with foot pain, moderate cognitive
difficulties, anxiety, a movement disorder, and ongoing hallucinations. The patient had
been on dapsone for two months, up to 100 mg per day, prior to seeing us, but had never
been on dapsone 200 mg (i.e., double-dose dapsone) or pulsed high-dose dapsone (400 mg
per day for 4-6 days) with higher dose methylene blue for her chronic Lyme disease and
Bartonella. In her case, simply taking persister drugs with disulfiram and dapsone, even in
combination therapy, was insufficient to lead to a clinical remission. Based on published
medical research, the doses she used would have been inadequate to control and effectively
eliminate the infections [38,39,73].

It was not until she completed an eight-week course of double-dose dapsone, i.e.,
DDDCT (200 mg PO BID), four 2-week pulses of high-dose dapsone (HDDCT) x 4 days,
with higher-dose methylene blue, and two 6-day pulses of HDDCT that she eventually had
a full remission of symptoms. She reported that each dapsone pulse led to longer periods
where she remained asymptomatic, and clinically, it appeared as if the load of the bacteria
decreased with each pulse of dapsone combination therapy. However, it was not until
having received several 6-day pulses of HDDCT, which brought out several underlying
symptoms that had been in remission, that she felt 98% back to normal. She would have
listed her improvement at 100% but had one hour of brain fog after going to the dentist one
day prior and one day of fatigue while traveling during her menses (which her sisters also
experience around their menstrual cycle). There were, however, no further Herxheimer
flares around her menses after her second 6-day HDDCT pulse, which had previously
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been an issue with prior treatments. At this point in time, the patient was approaching
two months in full remission, without any regular fatigue, pain, neuropathy, movement
disorders, or neuropsychiatric symptoms, stating that “she is feeling great and better than
she has ever felt!”, although it is possible that she will require one or more two-week pulses,
i.e., 6 days of HDDCT, in the future, should symptoms relapse. Among the 25 patients in
our initial dapsone publication, comparing longer vs. shorter pulses, those who completed
at least one 6-day HDDCT pulse had a three-month remission rate of 30.4%, and those who
had received multiple 4-day HDDCT pulses with one or more 6-day HDDCT pulses had
more enduring remission, such as case number 3.

The superiority of 6-day HDDCT pulses for Bartonella was highlighted in another of
the 25 chronically ill patients who were reported in our initial publication on the benefits
of longer high-dose dapsone pulses [39]. Patient number 20 in that study had chronic
Lyme disease and Bartonella and was in remission for one year after double-dose dapsone
combination therapy, but when given antibiotics for an unrelated infection (cellulitis), the
patient had a relapse of symptoms one year later, with the emergence of new Bartonella
striae [39]. That patient had never received high-dose dapsone combination therapy.
Bartonella is a known stealth pathogen that can hide in the intracellular compartment and
periodically seed into the bloodstream [159], and its persistence may be underestimated
due to the broad range of species and limitations of present diagnostic testing [160]. Case
number 2, highlighted here, who is now in remission, had neuropsychiatric symptoms
along with classic Bartonella striae. These skin lesions, resembling ‘stretch marks’, which
can be horizontal or perpendicular to the skin planes, whitish or purplish in color, are now
being reported more frequently in the medical literature in those with neuropsychiatric
presentations and, therefore, can be an important clinical sign pointing to the presence of
Bartonella spp. [161,162]. Bartonella striae returned in case number 2, right before receiving
her first 6-day high-dose dapsone pulse, confirming an active infection, despite four 4-day
pulses of HDDCT, which were inadequate to control the infection. Each 4-day HDDCT
pulse led to longer periods without symptoms, but two 6-day pulses of HDDCT were
needed for greater improvement. The superiority of 6 days of combination antibiotic
therapy using persister medication, i.e., rifampin and methylene blue with azithromycin
and biofilm agents, is consistent with Johns Hopkins studies on the efficacy of these
medications in eliminating Bartonella in culture. In a study by Zheng et al., methylene blue
and rifampin were the most active agents against the biofilm B. henselae after 6 days of
drug exposure, and azithromycin/methylene blue, as well as rifampin/methylene blue,
completely eradicated the biofilm aggregates of B. henselae after treatment for 6 days [76].

Case number 3 highlighted the presence of striae and overlap of Bartonella spp. with
severe neuropsychiatric symptoms, the importance of addressing abnormalities on the
16-point MSIDS map, as well as the superiority of 6-day HDDCT pulses for the treatment
of CLD and Bartonella. Her symptoms started in 2008 when she was living in the woods in
Germany, in a highly endemic area for Lyme disease [163]. She had striae, which developed
on her flanks, buttocks, and inner thighs, and had cats growing up, receiving multiple
bites and scratches; yet, she had never been diagnosed with Bartonella [164]. Despite in-
creasing fatigue, migratory myalgias, migratory neuropathy, cognitive difficulties, and
severe neuropsychiatric symptoms, it took four years for the patient to be diagnosed with
chronic Lyme disease, relapsing fever, Babesia duncani, and anaplasmosis, although migra-
tory muscle and joint pain, and especially migratory nerve pain, is a characteristic clinical
symptom of chronic Lyme disease [165]; relapsing and remitting night sweats in a young
woman is indicative of a possible infection with Babesia spp. [166], and significant pain in
the soles of her feet is a well-established clinical sign of exposure to Bartonella [167]. She
was treated with 6 months of nitazoxanide (Alinia) for H. pylori after following one week of
doxycycline, which was then rotated to amoxicillin with clarithromycin and omeprazole for
approximately one year, without any improvement. When she came to see us, overlapping
MSIDS variables contributing to her chronic illness included reactive hypoglycemia, chronic
candidiasis, possible POTS/dysautonomia due to her extensive neuropathy and dizziness
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while standing with syncopal episodes, depression, anxiety, premenstrual dysphoric disor-
der (PMDD), and post-traumatic stress disorder (PTSD) secondary to trauma and abuse,
chronic insomnia with restless leg syndrome, chronic UTIs with possible interstitial cystitis
(IC) secondary to Borrelia [168] and/or Bartonella [169], intermittent outbreaks of HSV-1,
HSV-2, and HPV, bacterial vaginosis, possible mold toxicity with mast cell activation and
migraines, heavy metal toxicity with aluminum and mercury (tinnitus), phase 3 adrenal
dysfunction with low cortisol levels in the morning, at noon, and in the evening, allergic
rhinitis with exercise-induced asthma, vitamin deficiencies (B and D), mineral deficiencies
(low iodine, zinc, and iron, with low ferritin), low glutathione levels, and possible mitochon-
drial dysfunction. Many of these overlapping factors on the MSIDS map were increasing
underlying symptomatology, apart from her tick-borne infections since hypoglycemia,
Candida, POTS, low adrenal function, chronic insomnia, depression, low glutathione levels,
vitamin and mineral deficiencies, heavy metal toxicity, and possible mitochondrial dysfunc-
tion can all increase underlying fatigue and affect mood [170-179]. Similarly, infections
with Borrelia, Bartonella, and Anaplasma, heavy metal toxicity, i.e., mercury (Hg), lead (Pb),
and arsenic (As), mold toxicity, vitamin B deficiency, and mitochondrial dysfunction can
all cause neurological symptoms and increase neuropathy [180-186], which is why a full
MSIDS evaluation in CLD/PTLDS is highly important for diagnosing and treating all poten-
tial overlapping etiologies. A laboratory clue that Bartonella was also playing a significant
role in her chronic illness was that she had an indeterminate Bartonella Western blot and
evidence of prior exposure to Bartonella vinsonii sub spp. while her tularemia and Brucella
titers returned low-level positive at 1:20, consistent with possible reactivity with other intra-
cellular infections (like Bartonella) [104,105]. Chronic intravascular infection with B. henselae
and B. vinsonii subsp. berkhoffii in immunocompetent people with animal contact (cats) and
arthropod exposure has previously been described in the scientific literature [181,187].

The patient was initially rotated through lower-dose dapsone combination therapy
for her Lyme disease, Babesia and Bartonella infections, secondary to a history of GI in-
tolerance to medication and severe Herxheimer reactions. She had already followed
a course of atovaquone and azithromycin for babesiosis, which was ineffective in re-
lieving her sweats and malarial-type symptoms. Babesia had now become resistant to
standard antibiotic/antimalarial regimens, including clindamycin, azithromycin, and ato-
vaquone [188,189]; so, other antimalarial protocols were tried. Her first regimen, there-
fore, included minocycline and rifampin, gradual increases in the dose of dapsone, ato-
vaquone/proguanil (Malarone), and multiple 3-day pulses of lumefantrine/artemether
(Coartem) with Cryptolepis sanguinolenta and artemisinin for her ongoing, resistant night
sweats secondary to Babesia, which eventually improved [190]. By November 2020, upon
reaching a dose of dapsone 100 mg per day for 3 weeks with Plaquenil, nystatin, minocy-
cline, and rifampin, she noticed significant improvements in her fevers, sweats, chills
(Babesia), anxiety, depression, and gastrointestinal issues (no diarrhea or vomiting with
GERD), improved energy levels, fewer headaches, fewer tremors, and improved sleep.
Since the patient was clinically stable, with a normal hemoglobin level (13.1 g/dL), CMP,
and methemoglobin level (0.00), she received her first course of DDDCT, increasing dapsone
to 100 mg PO BID, with Plaquenil, nystatin, minocycline, and rifampin, while increasing
her folic acid and adding methylene blue (MB) 50 mg PO BID, tapering off her selective
serotonin reuptake inhibitor (SSRI) to avoid potential interactions (serotonin syndrome)
with MB. Post DDDCT, compared to 6 months prior, she improved. She had less fatigue,
swollen lymph nodes, myalgias, light and sound sensitivity, GERD, bladder pressure,
improved cognition, and fewer mood swings (improved anxiety and depression), but
she still complained about fevers, drenching night sweats HS, which were waking her
up, secondary to resistant Babesia symptoms that returned, restless leg syndrome (RLS),
headaches, worsening joint pain in the wrists, hips, ankles, and fingers, pain in the soles of
her feet (consistent with active Bartonella), tremors, and unbearable neuropathy, despite
using gabapentin 300 mg PO TID.
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At this point, she had failed Babesia treatment with atovaquone and Zithromax,
Coartem, Malarone, dapsone, and antimalarial herbs but had never used tafenoquine.
She was therefore prescribed a course of tafenoquine for resistant Babesia [191], but un-
fortunately, she still complained about ongoing flushing and night sweats post treatment,
and then, many underlying tick-borne symptoms worsened again after being exposed to
COVID-19, including her sweats, chest tightness, fatigue, joint pain, brain fog, headaches,
and neuropathy. Exposure to Borrelia burgdorferi has been identified as a risk factor for more
severe disease with COVID-19 [24], just as Babesia can increase the severity of underlying
tick-borne symptoms [192]. Although tafenoquine has been reported to potentially be
a more effective treatment for babesiosis, based on animal studies and limited case re-
ports [191,193], larger well-controlled studies need to be performed to evaluate its efficacy.
A recent 2024 study by Yale researchers reported that the combination of tafenoquine and
atovaquone has superior efficacy against Babesia parasites [194], but our experience with
tafenoquine is that the treatment decreased symptoms and clinically appeared to lower
the parasitic load (less fevers, sweats, chills, flushing, air hunger, and cough), although the
symptoms often relapsed when treatment was stopped [39]. The patient did not, however,
take tafenoquine with atovaquone as the study on the combination drug therapy was
published one year after the patient finished treatment.

In our initial study involving 25 patients comparing the efficacy of a 6-day course of
HDDCT versus a 4-day course, Babesia was found in 64% (16/25) of our patients, involving
multiple species, including Babesia microti, Babesia duncani, Babesia odocoilei, and Babesia
divergens. Among several clinical studies by Horowitz et al., involving over 350 patients
with overlapping tick-borne infections, including Borrelia, Babesia, and Bartonella, where
one or more species of Babesia were present, dapsone had some anti-malarial effect, but
rotation of different anti-Babesia medications and combination therapies were required
to achieve clinical remission [14,38,39,71,73]. The same scenario was seen in case num-
ber 3. Eventually, over time, the patient resolved her resistant Babesia symptoms, but
it required several rotations of anti-malarial medications over a two-year period, apart
from tafenoquine, including clindamycin, atovaquone, atovaquone/proguanil, disulfi-
ram, higher-dose dapsone pulses, sulfamethoxazole/trimethoprim with azithromycin,
lumefantrine/artemether, ivermectin, as well as anti-malarial herbs, including Cryptolepis
sanguinolenta, artemisinin, Japanese knotweed, and Chinese skullcap. Further research
is needed to improve the efficacy of Babesia treatments, including clinical studies using
fosinopril, an angiotensin-converting enzyme inhibitor (ACE), which has recently been
identified as a potent anti-parasitic drug with efficacy in vitro against Babesia duncani [195].
Another approach that deserves further study, is based on the metabolomic profiling of
B. duncani, which identified parasite-mediated modulation of RBC metabolite levels of all
classes, including lipids, where the interruption of cholesterol scavenging from the host cell
led to premature parasite egress, and chemical targeting of the hydrolysis of acyl glycerides
led to the buildup of malformed parasites [196]. The use of orlistat, a potent inhibitor of
the lipase that degrades acylglycerides, has been shown to disrupt B. divergens merozoite
membrane formation in culture, inhibiting merozoite maturation before egress [196]. No
clinical studies have been performed to date using orlistat for the treatment of B. divergens,
which is an FDA-approved drug for the treatment of obesity [197]. The efficacy of the
drug may be limited, however, by its minimal absorption and side effects related to fat
malabsorption, including abdominal pain, flatus with discharge, and fatty/oily stool [198].

In case number 3, while addressing resistant Babesia symptoms with anti-malarial
drug rotations, between October 2021 and January 2023, the patient received a total of
five 2-week pulses of HDDCT X 4 days, and each high-dose dapsone pulse relieved a
layer of resistant symptoms that did not return. It was not, however, until she did a sixth
dapsone pulse of 6 days for the first time in February 2023 that she managed to remain one
year in full remission, without any return of her underlying fatigue, resistant insomnia,
weight gain, internal tremors, twitching, myalgias, joint pains with pain in the soles of
the feet, intermittent neuropathy, headaches, light and sound sensitivity, and brain fog.
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This was despite contracting COVID-19 six times during a period of three years due to
frequent international travel on planes. Previously, she would be relatively asymptomatic
in between 4-day HDDCT pulses, the longest period being 4 months, similar to case number
2, and the patient reported that her symptoms (especially neuropathy) would only flare up
temporarily post COVID and with viral relapses of her herpes viruses (HSV1 and H5V2).
This required the regular use of famciclovir to keep herpes flare-ups in remission [199].
This patient had been initially vaccinated against COVID-19 with frequent boosters, treated
with Paxlovid (nirmatrelvir and ritonavir) during each exposure, and took high-dose glu-
tathione and antioxidants with immune support during each infection [200]. As per the
study by Cameron et al., using a General Symptom Questionnaire 30 (GSQ 30) to evaluate
the burden of LD symptoms among 889 Lyme disease patients who were vaccinated or
not vaccinated against COVID-19, those who were vaccinated had significantly lower
neurological symptoms [201]. This included less neuropathy (numbness, tingling, shooting,
stabbing, or burning pains), balance problems, visual or sound sensitivity, concentration
problems, twitching, bladder discomfort or change in urination, shortness of breath, and/or
irregular or rapid heartbeat. Although anecdotal reports suggested that nirmatrelvir may
improve long COVID symptoms [202,203], including a Veterans Affairs (VA) study among
281, 793 patients [204], a 2024 study in the Journal of the American Medical Association
(JAMA) reported no significant benefit using Paxlovid in diminishing the effects of long
COVID or in decreasing the intensity of post-COVID condition in subjects vaccinated
before or after infection [205]. It is therefore possible that the concomitant use of high-dose
glutathione, NAC, antioxidants, and immune support used by patient 3, along with vacci-
nation and boosters, helped mitigate long-term side effects [101,102,202] since the patient
never developed symptoms of long COVID despite exposure six times and concomitant
infections with overlapping medical problems. Low glutathione levels and associated
thiols, including low levels of NAC, have now been published in multiple scientific studies
and reviews as being associated with the most severe complications of COVID-19 infec-
tion [206-208]. Dapsone has also been published as having significant benefits in a small
control group of COVID-19 patients with acute respiratory distress syndrome (ARDS), de-
creasing mortality in COVID-19 patients admitted to the intensive care unit (ICU) [209,210].
Potential mechanisms for dapsone’s efficacy in COVID-19 include decreasing inflammation
via the inhibition of myeloperoxidase [211], inhibiting neutrophil tissue destruction, and
acting as an NLPP3 inflammasome inhibitor [212].

Regarding dapsone’s efficacy in Lyme disease, dapsone, alone and in combination
with rifampin, a tetracycline, and/or a macrolide (azithromycin), has been shown to
be effective in decreasing the biofilm/persister aggregates of Borrelia burgdorferi in cul-
ture [75]. Each addition of another antibiotic to dapsone (doxycycline, rifampin, and/or
azithromycin) increased the efficacy and ability of the antibiotic combination to lower the
biofilm load of the bacteria [75]. The efficacy of dapsone combination therapy in culture
against the biofilm/stationary phase aggregates of Bb was also confirmed by Johns Hopkins
researchers [213]. In that study, combination antibiotic regimens with sulfa drugs combined
with other antibiotics were more active than their respective single drugs, and similar to
the study by Horowitz et al. [75], four-drug combinations were more active than three-drug
combinations. The four-drug combination regimen of dapsone + rifampin + minocycline +
cefuroxime showed the best activity against stationary-phase B. burgdorferi [213]. Recently,
Tulane researchers confirmed the superior efficacy of dapsone combination antibiotic ther-
apy versus monotherapy in a mouse model of Lyme disease [214]. In that study, dapsone
combination therapy, using rifampin and dapsone, was effective in curing a chronic Borrelia
burgdorferi infection in mice. This is the first animal model proven to confirm the efficacy of
dapsone combination therapy in clearing a chronic infection with Borrelia [214]. Part of the
success of dapsone combination therapy may be due to dapsone’s excellent penetration into
the central nervous system, antimalarial effects, ability to lower autoimmune reactions and
inflammation, and lower biofilm-like aggregates of Borrelia burgdorferi in culture [215,216].
Our patient, who was positive for human leukocyte antigens (HLA) DR2/4, which are inde-
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pendent dominant markers of susceptibility and treatment-refractory Lyme arthritis [217],
also resolved her resistant arthritic symptoms with dapsone combination therapy. Earlier
studies by Johns Hopkins researchers showed that these biofilm aggregates were a major
source of inflammation [158], and inflammation, whether from chronic infection or over-
lapping sources on the 16-point MSIDS model, can increase chronic symptoms [218]. These
Borrelia aggregates were recently shown to be a major factor in increasing immunogenicity
and antigenicity in late-stage Lyme disease patient’s sera, reaching statistical significance
in Borrelia burgdorferi sensu stricto and also in B. garinii [219], the European agent of neu-
rological Lyme disease. Italian researchers have implicated the biofilm-like aggregates
of Borrelia as playing an important role in neuroborreliosis [220], where they can lead to
antibiotic resistance and the reoccurrence of Lyme disease, allowing Borrelia spp. to resist
adverse environmental conditions. Biofilm-like aggregates for Bb have been found in vitro
in aged cultures but also the midgut of ticks [221,222], which could explain in part why
some patients with early Lyme disease do not adequately respond to antibiotics. Biofilm-
like aggregates create antibiotic resistance/tolerance [223], and a randomized controlled
study using biofilm agents with antibiotics such as doxycycline in early Lyme disease
is warranted based on the worldwide spread of the disease, with increasing numbers of
affected individuals, and the fact that up to 30% of patients treated for early LD can go on
to develop CLD/PTLDS [224].

Pulsing antibiotics has been found to effectively lower the biofilm forms of differ-
ent bacteria since biofilms create antibiotic tolerance, leading to chronic infections and
recalcitrant symptoms [225]. Common biofilm infections include periodontitis, implant-
associated infections, endocarditis, cystic fibrosis pneumonia, chronic otitis media, chronic
sinusitis, recurrent urinary tract infections, and chronic wound infections [226]. In the case
of Staphylococcus aureus, a frequent pathogen in wound infections, the continuous admin-
istration of oxacillin does not decrease the level of persisters in culture, but when pulsed
with properly timed breaks, it decreases the surviving population [225]. In that study, the
length of the periodic break in between antibiotics impacted efficacy, with an optimal length
that sensitized the biofilm to repeat treatment without allowing resistance. The optimal
length of time in between pulses to rapidly eradicate persisters has been recently addressed
using a methodology where the bactericidal effectiveness of periodic pulse dosing de-
pended primarily on the ratio of durations of the corresponding on and off parts of the
pulse [227]. The methodology relies on explicit formulas that make use of easily obtainable
data from time-growth and time-kill experiments with a bacterial population exposed to
antibiotics [227] and could be conducted for both Borrelia burgdorferi and Bartonella henselae
since both have biofilm/persister forms in culture and in vitro [82-84,153,158,160,228,229].

Dr Kim Lewis previously demonstrated that four pulse doses of ceftriaxone killed
persisters, eradicating all live bacteria in the culture, whereas B. burgdorferi persisters were
otherwise capable of surviving at very high concentrations of continuous antibiotics, in
doses exceeding what is clinically achievable [81]. Other authors have found that ceftriax-
one pulse dosing fails to eradicate biofilm-like microcolony B. burgdorferi persisters [230]
and that the use of a persister medication like IV Daptomycin combined with doxycycline
and cefuroxime was more effective [230]. The conclusion of that study was that pulse
dosing depends on the specific drugs used, with bactericidal drugs being superior for
pulse dosing than static or persister drugs, although drug combinations with persister
drugs were more effective at killing the more resistant microcolony form of persisters
than pulse dosing [230]. In our three patients, dapsone combination therapy used four
different persister drugs in combination: dapsone, rifampin, pyrazinamide, and methylene
blue [77,79,231,232], along with doxycycline and azithromycin, which are generally consid-
ered bacteriostatic antibiotics, although they can occasionally exhibit bactericidal effects at
higher concentrations [233]. In our three patients, after an initial 8-week course of DDDCT,
pulsing higher dose dapsone, i.e., 2-week pulses of HDDCT, especially using 6-day pulses,
was effective in putting all three patients in remission. Patient one did not require multiple
pulses of dapsone, likely because the biofilm/persister forms of Borrelia and Bartonella had
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previously been adequately lowered using months of lower dose dapsone years prior, up to
100 mg per day. She received one 6-day pulse of HDDCT and is now over one year in remis-
sion. Impressively, she did not have any relapse of Lyme disease or Bartonella symptoms
after recently taking a 5-day course of moxifloxacin for resistant bronchitis, as opposed to
patient number 20 in our initial publication, who relapsed one year later with a Bartonella
relapse and emergence of Bartonella striae after being treated for cellulitis. For patients
2 and 3, six pulses were needed over several years to achieve a more enduring remission,
but in both cases, it was not until one or two 6-day pulses of HDDCT were completed that
both had a more complete remission of symptoms. Patient 2 received four 4-day pulses
of HDDCT followed by two 6-day pulses of HDDCT. Patient 3 received five 4-day pulses
of HDDCT, but it was not until a final sixth pulse, using six days of HDDCT, that she was
able to remain in long-term remission for over one year. Using multiple persister drugs in
combination, along with biofilm agents and intermittent pulsing, was an effective strategy
in all three patients, and it clinically appeared as if we were lowering the biofilm/persister
aggregates over time, a primary culprit in relapsing and remitting symptoms.

5. Conclusions

Lyme disease and its associated co-infections, including Babesia and Bartonella, are in-
creasingly being reported in the medical literature as potential overlapping factors leading
to chronic resistant symptomatology [14,38,39,63,73,234,235], where combination antibiotics
effectively relieve tick-borne infection (TBI) symptoms, with good patient tolerance [236].
Our three patients with Borrelia, Bartonella, and /or Babesia, described in these case reports,
all had excellent outcomes with short-term combination antibiotics, using pulsed persister
drug regimens with biofilm agents. Bartonella specifically required one or more 6-day pulses
of HDDCT in order for patients to achieve long-term remission, although the number of
pulses of HDDCT needed to cure Bartonella will require further investigation. Multiple
overlapping sources of inflammation on the 16-point MSIDS model (infections, toxins,
leaky gut and/or food sensitivities with mast cell activation, microbiome abnormalities,
nutritional deficiencies, and /or insomnia) with downstream effects of inflammation (mito-
chondrial dysfunction, POTS/dysautonomia, autoimmunity, hormonal dysregulation, pain
syndromes, liver and neurological dysfunction, and/or neuropsychiatric manifestations)
were also found to be playing a significant role in driving underlying chronic symptomatol-
ogy [30,36,37]. Infection, immune dysfunction, and inflammation, i.e., the three ‘I's’, and all
16 factors on the MSIDS model, have now been reported in the medical literature as being
potential factors that increase the symptoms of CLD/PTLDS as well the symptoms of long
COVID [40-59]. A paradigm shift from a one-cause/one-disease model to a multifactorial
model in chronic disease is warranted based on the increasing numbers of individuals
affected by both illnesses.

The role of co-infections in CLD/PTLDS is the topic of an ongoing debate, especially
Bartonella, since its transmission via ticks has only been proven in one European study
of Ixodes ricinus ticks to date [237], although the 2018 HHS Tick-borne Disease Working
Group report to Congress highlighted the importance of Bartonella species complicating
tick-borne infections in humans [190]. All three of our Lyme disease patients had overlap-
ping co-infections complicating their clinical course, especially Bartonella, with associated
neuropsychiatric symptoms. These included moderate to severe cognitive difficulties, neu-
ropathy, double vision and/or visual loss, dizziness, tremors, twitching, tinnitus, anxiety,
depression, OCD, psychosis, and paranoid ideation, although headaches, fatigue, and/or
malaise are the only two tick-borne disease symptoms fully recognized by public health
officials [238]. Among 148 patients who were recently surveyed as having Lyme disease
or another TBD, bartonellosis, Lyme disease, and babesiosis were the three most-reported
TBDs, where the authors noted a disconnect between the scholarly literature regarding the
psychiatric manifestations of LD and the lack of inclusion of psychiatric symptoms by the
CDC [236]. This has particular importance from a public health perspective, considering
that Lyme disease has been associated with suicidal ideation [239], where individuals with



Microorganisms 2024, 12, 909

46 of 56

Lyme borreliosis have higher rates of any mental or affective disorders, suicide attempts,
and death by suicide compared to those without Lyme borreliosis [240]. Similarly, bar-
tonellosis has recently been reported to have a high association with neuropsychiatric
symptoms, especially in those presenting with Bartonella striae [163,164,241], which were
present in two out of three of our patients. The treatment of Lyme disease and its associated
co-infections, including Bartonella, using pulsed dapsone combination therapy relieved
these resistant neuropsychiatric symptoms that had not been previously controlled with
psychiatric medications. Overlapping psychosocial stressors also needed to be addressed
in helping to heal from these TBDs, whether from abuse and trauma or the COVID-19
pandemic. The mental health consequences of the COVID-19 pandemic has now been
associated with severe mental health issues in the global population, including relatively
high rates of anxiety, depression, PTSD, and psychological distress in the population [242],
where Lyme disease may be a mitigating factor that increases symptoms [24]. Climate
change is increasing the rates of Lyme disease and other vector-borne diseases, including
viral infections [243], and Bartonella [244], whether from tick bites or other arthropod vec-
tors, including fleas, spiders, mites, red ants, keds, or lice, requires a One Health approach
to mitigate the rise in vector-borne chronic illnesses, improve physical and mental health,
and lower rising health care costs [245-247].

Future studies need to be conducted on persister drugs like dapsone, using pulsed
antibiotics with biofilm agents, and to further elucidate the role of associated co-infections
like Bartonella with MSIDS variables in those suffering from CLD/PTLDS. Our report
represents one of the first successful treatments of a pediatric patient with CLD using
a persister drug regimen, i.e., dapsone combination therapy. Future studies should be
conducted in both the adult and pediatric populations since pediatric Lyme borreliosis (LB)
represents a substantial proportion of affected individuals across countries in Europe and
North America [248]. The four prior National Institutes of Health (NIH) randomized trials
on treatments for CLD, conducted over 15 years ago, did not evaluate pulsing, combination
persister drug regimens, and/or MSIDS variables in the treatment of those suffering from
chronic Lyme symptoms, although two of the four U.S. treatment trials demonstrated
the efficacy of IV ceftriaxone on primary and/or secondary outcome measures [249]. A
multicenter, placebo-controlled, randomized trial using dapsone combination therapy to
evaluate the role of co-infections including Babesia and Bartonella and screen for overlapping
MSIDS variables is the next logical step to help end the decades-long scientific debate over
the etiology and treatment of CLD/PTLDS. Based on the number of increasing cases of
TBDs and vector-borne infections due to climate change [250], resulting in increased health
inequities and associated patient suffering, disability, and rising healthcare costs [251],
we urge Lyme groups and healthcare authorities to come together now to help solve this
urgent global healthcare crisis [252].

Author Contributions: Conceptualization, R I.H.; methodology, R.I.H.; validation, R1.H., J.F. and
PR.F,; formal analysis, RI1.H., J.F. and P.R.E; investigation, R..LH.; resources, RI.H.; data curation,
R.LH.; writing—original draft preparation, R.I.H.; writing—review and editing, R.L.H., ].F. and PR.F,;
supervision, RI1.H. and J.E; project administration, R.I.H. All authors have read and agreed to the
published version of the manuscript.

Funding: Publication costs for this article were funded by the MSIDS Research Foundation (MRF).
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.
Data Availability Statement: Data are contained within the article.

Acknowledgments: We would like to thank the MREF for their support as well as the HVHAC
staff, Sonja Siderias, Barbara Semancik, Heather Orza, and Lisa Haynes for their assistance with
data mining.



Microorganisms 2024, 12, 909 47 of 56

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the
design of this study, the collection, analyses, or interpretation of data, the writing of the manuscript,
or the decision to publish the results.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

Dong, Y.; Zhou, G.; Cao, W.; Xu, X,; Zhang, Y.; Ji, Z.; Yang, J.; Chen, J.; Liu, M,; Fan, Y.; et al. Global Seroprevalence and
Sociodemographic Characteristics of Borrelia Burgdorferi Sensu Lato in Human Populations: A Systematic Review and Meta-
Analysis. BM] Glob. Health 2022, 7, e007744. [CrossRef] [PubMed]

Kugeler, K.J. Surveillance for Lyme Disease after Implementation of a Revised Case Definition—United States, 2022. MMWR
Morb. Mortal. Wkly. Rep. 2024, 73, 118-123. [CrossRef] [PubMed]

Cameron, D.J.; Johnson, L.B.; Maloney, E.L. 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. 2014,
12,1103-1135. [CrossRef] [PubMed]

Maksimyan, S.; Syed, M.S.; Soti, V. Post-Treatment Lyme Disease Syndrome: Need for Diagnosis and Treatment. Cureus 2021,
13, €18703. [CrossRef] [PubMed]

Aucott, ].N.; Crowder, L.A.; Kortte, K.B. Development of a Foundation for a Case Definition of Post-Treatment Lyme Disease
Syndrome. Int. ]. Infect. Dis. 2013, 17, e443—-e449. [CrossRef] [PubMed]

Johnson, L.; Wilcox, S.; Mankoff, J.; Stricker, R.B. Severity of Chronic Lyme Disease Compared to Other Chronic Conditions: A
Quality of Life Survey. Peer] 2014, 2, e322. [CrossRef] [PubMed]

Geebelen, L.; Lernout, T.; Devleesschauwer, B.; Kabamba-Mukadi, B.; Saegeman, V.; Belkhir, L.; De Munter, P.; Dubois, B.;
Westhovens, R.; Giot, ].-B.; et al. Non-Specific Symptoms and Post-Treatment Lyme Disease Syndrome in Patients with Lyme
Borreliosis: A Prospective Cohort Study in Belgium (2016-2020). BMC Infect. Dis. 2022, 22, 756. [CrossRef] [PubMed]

Burn, L.; Tran, TM.P; Pilz, A.; Vyse, A.; Fletcher, M.A.; Angulo, E]J.; Gessner, B.D.; Moisi, ].C.; Jodar, L.; Stark, J.H. Incidence
of Lyme Borreliosis in Europe from National Surveillance Systems (2005-2020). Vector Borne Zoonotic Dis. 2023, 23, 156-171.
[CrossRef]

Aucott, ].N.; Rebman, A.W.; Crowder, L.A.; Kortte, K.B. Post-Treatment Lyme Disease Syndrome Symptomatology and the Impact
on Life Functioning: Is There Something Here? Qual. Life Res. 2013, 22, 75-84. [CrossRef]

Mac, S.; Bahia, S.; Simbulan, E; Pullenayegum, E.M.; Evans, G.A.; Patel, S.N.; Sander, B. Long-Term Sequelae and Health-Related
Quality of Life Associated With Lyme Disease: A Systematic Review. Clin. Infect. Dis. 2020, 71, 440-452. [CrossRef]

Hook, S.A.; Jeon, S.; Niesobecki, S.A.; Hansen, A.P,; Meek, ].I; Bjork, ] K.H.; Dorr, EM.; Rutz, H.].; Feldman, K.A.; White, J.L.;
et al. Economic Burden of Reported Lyme Disease in High-Incidence Areas, United States, 2014-2016. Emerg. Infect. Dis. 2022,
28,1170-1179. [CrossRef] [PubMed]

Willems, R.; Verhaeghe, N.; Perronne, C.; Borgermans, L.; Annemans, L. Cost of Illness in Patients with Post-Treatment Lyme
Disease Syndrome in Belgium. Eur. |. Public Health 2023, 33, ckad045. [CrossRef] [PubMed]

Rebman, A.W,; Yang, T.; Yoon, I.; Powell, D.; Geller, S.A.; Aucott, J.N. Initial Presentation and Time to Treatment in Early Lyme
Disease. Am. J. Trop. Med. Hyg. 2023, 108, 734-737. [CrossRef] [PubMed]

Horowitz, R.I; Freeman, P.R. Precision Medicine: Retrospective Chart Review and Data Analysis of 200 Patients on Dapsone
Combination Therapy for Chronic Lyme Disease/Post-Treatment Lyme Disease Syndrome: Part 1. Int. |. Gen. Med. 2019,
12,101-119. [CrossRef] [PubMed]

Perronne, C. Lyme and Associated Tick-Borne Diseases: Global Challenges in the Context of a Public Health Threat. Front. Cell.
Infect. Microbiol. 2014, 4, 74. [CrossRef] [PubMed]

DeLong, A.; Hsu, M.; Kotsoris, H. Estimation of Cumulative Number of Post-Treatment Lyme Disease Cases in the US, 2016 and
2020. BMC Public Health 2019, 19, 352. [CrossRef] [PubMed]

Bai, N.A.; Richardson, C.S. Posttreatment Lyme Disease Syndrome and Myalgic Encephalomyelitis /Chronic Fatigue Syndrome:
A Systematic Review and Comparison of Pathogenesis. Chronic Dis. Transl. Med. 2023, 9, 183-190. [CrossRef] [PubMed]

Slavin, M.D.; Bailey, H.M.; Hickey, E.J.; Vasudevan, A.; Ledingham, A.; Tannenbaum, L.; Bateman, L.; Kaufman, D.L.; Peterson,
D.L.; Ruhoy, LS.; et al. Myalgic Encephalomyelitis—Chronic Fatigue Syndrome Common Data Element Item Content Analysis.
PLoS ONE 2023, 18, €0291364. [CrossRef] [PubMed]

Bhargava, J.; Hurley, J.A. Fibromyalgia. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2024.

Blanchflower, D.G.; Bryson, A. Long COVID in the United States. PLoS ONE 2023, 18, €0292672. [CrossRef]

Nacul, L.; Authier, EJ.; Scheibenbogen, C.; Lorusso, L.; Helland, I.B.; Martin, J.A.; Sirbu, C.A.; Mengshoel, A.M.; Polo, O;
Behrends, U.; et al. European Network on Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (EUROMENE): Expert
Consensus on the Diagnosis, Service Provision, and Care of People with ME/CFS in Europe. Medicina 2021, 57, 510. [CrossRef]

O’Mahoney, L.L.; Routen, A.; Gillies, C.; Ekezie, W.; Welford, A.; Zhang, A.; Karamchandani, U.; Simms-Williams, N.; Cassambai,
S.; Ardavani, A.; et al. The Prevalence and Long-Term Health Effects of Long Covid among Hospitalised and Non-Hospitalised
Populations: A Systematic Review and Meta-Analysis. eClinicalMedicine 2022, 55, 101762. [CrossRef] [PubMed]

Jason, L.A.; Dorri, ].A. ME/CFS and Post-Exertional Malaise among Patients with Long COVID. Neurol. Int. 2022, 15, 1-11.
[CrossRef] [PubMed]


https://doi.org/10.1136/bmjgh-2021-007744
https://www.ncbi.nlm.nih.gov/pubmed/35697507
https://doi.org/10.15585/mmwr.mm7306a1
https://www.ncbi.nlm.nih.gov/pubmed/38358952
https://doi.org/10.1586/14787210.2014.940900
https://www.ncbi.nlm.nih.gov/pubmed/25077519
https://doi.org/10.7759/cureus.18703
https://www.ncbi.nlm.nih.gov/pubmed/34659931
https://doi.org/10.1016/j.ijid.2013.01.008
https://www.ncbi.nlm.nih.gov/pubmed/23462300
https://doi.org/10.7717/peerj.322
https://www.ncbi.nlm.nih.gov/pubmed/24749006
https://doi.org/10.1186/s12879-022-07686-8
https://www.ncbi.nlm.nih.gov/pubmed/36171561
https://doi.org/10.1089/vbz.2022.0071
https://doi.org/10.1007/s11136-012-0126-6
https://doi.org/10.1093/cid/ciz1158
https://doi.org/10.3201/eid2806.211335
https://www.ncbi.nlm.nih.gov/pubmed/35608612
https://doi.org/10.1093/eurpub/ckad045
https://www.ncbi.nlm.nih.gov/pubmed/36972275
https://doi.org/10.4269/ajtmh.22-0437
https://www.ncbi.nlm.nih.gov/pubmed/36746657
https://doi.org/10.2147/IJGM.S193608
https://www.ncbi.nlm.nih.gov/pubmed/30863136
https://doi.org/10.3389/fcimb.2014.00074
https://www.ncbi.nlm.nih.gov/pubmed/24918091
https://doi.org/10.1186/s12889-019-6681-9
https://www.ncbi.nlm.nih.gov/pubmed/31014314
https://doi.org/10.1002/cdt3.74
https://www.ncbi.nlm.nih.gov/pubmed/37711861
https://doi.org/10.1371/journal.pone.0291364
https://www.ncbi.nlm.nih.gov/pubmed/37698999
https://doi.org/10.1371/journal.pone.0292672
https://doi.org/10.3390/medicina57050510
https://doi.org/10.1016/j.eclinm.2022.101762
https://www.ncbi.nlm.nih.gov/pubmed/36474804
https://doi.org/10.3390/neurolint15010001
https://www.ncbi.nlm.nih.gov/pubmed/36648965

Microorganisms 2024, 12, 909 48 of 56

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Szewczyk-Dabrowska, A.; Budziar, W.; Harhala, M.; Baniecki, K.; Pikies, A.; Jedruchniewicz, N.; Kazmierczak, Z.; Gembara, K,;
Klimek, T.; Witkiewicz, W.; et al. Correlation between COVID-19 Severity and Previous Exposure of Patients to Borrelia Spp. Sci.
Rep. 2022, 12, 15944. [CrossRef] [PubMed]

Renz-Polster, H.; Tremblay, M.-E.; Bienzle, D.; Fischer, ].E. The Pathobiology of Myalgic Encephalomyelitis /Chronic Fatigue
Syndrome: The Case for Neuroglial Failure. Front. Cell. Neurosci. 2022, 16, 888232. [CrossRef] [PubMed]

Siracusa, R.; Paola, R.D.; Cuzzocrea, S.; Impellizzeri, D. Fibromyalgia: Pathogenesis, Mechanisms, Diagnosis and Treatment
Options Update. Int. J. Mol. Sci. 2021, 22, 3891. [CrossRef] [PubMed]

Kenny, G.; Townsend, L.; Savinelli, S.; Mallon, PW.G. Long COVID: Clinical Characteristics, Proposed Pathogenesis and Potential
Therapeutic Targets. Front. Mol. Biosci. 2023, 10, 1157651. [CrossRef] [PubMed]

Bobe, ].R.; Jutras, B.L.; Horn, E.J.; Embers, M.E.; Bailey, A.; Moritz, R.L.; Zhang, Y.; Soloski, M.].; Ostfeld, R.S.; Marconi, R.T.; et al.
Recent Progress in Lyme Disease and Remaining Challenges. Front. Med. 2021, 8, 666554. [CrossRef] [PubMed]

Donta, S.T.; States, L.J.; Adams, W.A.; Bankhead, T.; Baumgarth, N.; Embers, M.E.; Lochhead, R.B.; Stevenson, B. Report of the
Pathogenesis and Pathophysiology of Lyme Disease Subcommittee of the HHS Tick Borne Disease Working Group. Front. Med.
2021, 8, 643235. [CrossRef] [PubMed]

Horowitz, RI; Freeman, PR. Precision Medicine: The Role of the MSIDS Model in Defining, Diagnosing, and Treating Chronic
Lyme Disease/Post Treatment Lyme Disease Syndrome and Other Chronic Illness: Part 2. Healthcare 2018, 6, 129. [CrossRef]
Lochhead, R.B,; Strle, K.; Arvikar, S.L.; Weis, J.J.; Steere, A.C. Lyme Arthritis: Linking Infection, Inflammation and Autoimmunity.
Nat. Rev. Rheumatol. 2021, 17, 449-461. [CrossRef]

Acosta-Ampudia, Y.; Monsalve, D.M.; Rojas, M.; Rodriguez, Y.; Zapata, E.; Ramirez-Santana, C.; Anaya, J].-M. Persistent Autoim-
mune Activation and Proinflammatory State in Post-Coronavirus Disease 2019 Syndrome. J. Infect. Dis. 2022, 225, 2155-2162.
[CrossRef] [PubMed]

Gergel, E.I; Furie, M.B. Activation of Endothelium by Borrelia Burgdorferi In Vitro Enhances Transmigration of Specific Subsets
of T Lymphocytes. Infect. Immun. 2001, 69, 2190-2197. [CrossRef] [PubMed]

Kuchler, T.; Giinthner, R.; Ribeiro, A.; Hausinger, R.; Streese, L.; Wohnl, A.; Kesseler, V.; Negele, ].; Assali, T.; Carbajo-Lozoya, J.;
et al. Persistent Endothelial Dysfunction in Post-COVID-19 Syndrome and Its Associations with Symptom Severity and Chronic
Inflammation. Angiogenesis 2023, 26, 547-563. [CrossRef] [PubMed]

Jutras, B.L.; Lochhead, R.B.; Kloos, Z.A.; Biboy, J.; Strle, K.; Booth, C.J.; Govers, S.K.; Gray, J.; Schumann, P.; Vollmer, W.; et al.
Borrelia Burgdorferi Peptidoglycan Is a Persistent Antigen in Patients with Lyme Arthritis. Proc. Natl. Acad. Sci. USA 2019,
116, 13498-13507. [CrossRef] [PubMed]

Horowitz, R.I. Why Can’t I Get Better?: Solving the Mystery of Lyme and Chronic Disease; Macmillan: New York, NY, USA, 2013; ISBN
978-1-250-01940-0.

Horowitz, R. How Can I Get Better?: An Action Plan for Treating Resistant Lyme & Chronic Disease; St. Martin’s Publishing Group:
New York, NY, USA, 2017; ISBN 978-1-250-11144-9.

Horowitz, R.I.; Freeman, P.R. Efficacy of Short-Term High Dose Pulsed Dapsone Combination Therapy in the Treatment of
Chronic Lyme Disease/Post-Treatment Lyme Disease Syndrome (PTLDS) and Associated Co-Infections: A Report of Three Cases
and Literature Review. Antibiotics 2022, 11, 912. [CrossRef] [PubMed]

Horowitz, R.L; Fallon, J.; Freeman, PR. Comparison of the Efficacy of Longer versus Shorter Pulsed High Dose Dapsone
Combination Therapy in the Treatment of Chronic Lyme Disease/Post Treatment Lyme Disease Syndrome with Bartonellosis and
Associated Coinfections. Microorganisms 2023, 11, 2301. [CrossRef] [PubMed]

Chen, B.; Julg, B.; Mohandas, S.; Bradfute, S.B. RECOVER Mechanistic Pathways Task Force Viral Persistence, Reactivation, and
Mechanisms of Long COVID. eLife 2023, 12, e86015. [CrossRef] [PubMed]

Yang, C.; Zhao, H.; Espin, E.; Tebbutt, S.]. Association of SARS-CoV-2 Infection and Persistence with Long COVID. Lancet Respir.
Med. 2023, 11, 504-506. [CrossRef]

Craddock, V.; Mahajan, A.; Spikes, L.; Krishnamachary, B.; Ram, A.K.; Kumar, A.; Chen, L.; Chalise, P.; Dhillon, N.K. Persistent
Circulation of Soluble and Extracellular Vesicle-Linked Spike Protein in Individuals with Postacute Sequelae of COVID-19. J. Med.
Virol. 2023, 95, €28568. [CrossRef]

Thor, D.C.; Suarez, S. Corona with Lyme: A Long COVID Case Study. Cureus 2023, 15, €36624. [CrossRef]

Zhang, D.; Zhou, Y.; Ma, Y.; Chen, P; Tang, ].; Yang, B.; Li, H.; Liang, M.; Xue, Y.; Liu, Y,; et al. Gut Microbiota Dysbiosis Correlates
with Long COVID-19 at One-Year after Discharge. J. Korean Med. Sci. 2023, 38, e120. [CrossRef] [PubMed]

Kusakabe, T.; Lin, W.-Y.; Cheong, J.-G.; Singh, G.; Ravishankar, A.; Yeung, S.T.; Mesko, M.; DeCelie, M.B.; Carriche, G.; Zhao, Z,;
et al. Fungal Microbiota Sustains Lasting Immune Activation of Neutrophils and Their Progenitors in Severe COVID-19. Nat.
Immunol. 2023, 24, 1879-1889. [CrossRef] [PubMed]

Weinstock, L.B.; Brook, J.B.; Walters, A.S.; Goris, A.; Afrin, L.B.; Molderings, G.J. Mast Cell Activation Symptoms Are Prevalent in
Long-COVID. Int. J. Infect. Dis. 2021, 112, 217-226. [CrossRef] [PubMed]

Guezguez, F; Romdhani, M.; Boutaleb-Joutei, A.; Chamari, K.; Ben Saad, H. Management of Long-COVID-19 Patients with Sleep
Disorders: Practical Advice to General Practitioners. Libyan J. Med. 2023, 18, 2182704. [CrossRef] [PubMed]

Saleh, S.A K.; Adly, HM. Impact of Ambient Air Pollution Exposure on Long COVID-19 Symptoms: A Cohort Study within the
Saudi Arabian Population. Infect. Dis. Rep. 2023, 15, 642-661. [CrossRef] [PubMed]


https://doi.org/10.1038/s41598-022-20202-x
https://www.ncbi.nlm.nih.gov/pubmed/36153350
https://doi.org/10.3389/fncel.2022.888232
https://www.ncbi.nlm.nih.gov/pubmed/35614970
https://doi.org/10.3390/ijms22083891
https://www.ncbi.nlm.nih.gov/pubmed/33918736
https://doi.org/10.3389/fmolb.2023.1157651
https://www.ncbi.nlm.nih.gov/pubmed/37179568
https://doi.org/10.3389/fmed.2021.666554
https://www.ncbi.nlm.nih.gov/pubmed/34485323
https://doi.org/10.3389/fmed.2021.643235
https://www.ncbi.nlm.nih.gov/pubmed/34164410
https://doi.org/10.3390/healthcare6040129
https://doi.org/10.1038/s41584-021-00648-5
https://doi.org/10.1093/infdis/jiac017
https://www.ncbi.nlm.nih.gov/pubmed/35079804
https://doi.org/10.1128/IAI.69.4.2190-2197.2001
https://www.ncbi.nlm.nih.gov/pubmed/11254574
https://doi.org/10.1007/s10456-023-09885-6
https://www.ncbi.nlm.nih.gov/pubmed/37507580
https://doi.org/10.1073/pnas.1904170116
https://www.ncbi.nlm.nih.gov/pubmed/31209025
https://doi.org/10.3390/antibiotics11070912
https://www.ncbi.nlm.nih.gov/pubmed/35884166
https://doi.org/10.3390/microorganisms11092301
https://www.ncbi.nlm.nih.gov/pubmed/37764145
https://doi.org/10.7554/eLife.86015
https://www.ncbi.nlm.nih.gov/pubmed/37140960
https://doi.org/10.1016/S2213-2600(23)00142-X
https://doi.org/10.1002/jmv.28568
https://doi.org/10.7759/cureus.36624
https://doi.org/10.3346/jkms.2023.38.e120
https://www.ncbi.nlm.nih.gov/pubmed/37069814
https://doi.org/10.1038/s41590-023-01637-4
https://www.ncbi.nlm.nih.gov/pubmed/37872315
https://doi.org/10.1016/j.ijid.2021.09.043
https://www.ncbi.nlm.nih.gov/pubmed/34563706
https://doi.org/10.1080/19932820.2023.2182704
https://www.ncbi.nlm.nih.gov/pubmed/36842064
https://doi.org/10.3390/idr15050060
https://www.ncbi.nlm.nih.gov/pubmed/37888141

Microorganisms 2024, 12, 909 49 of 56

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Schloss, J.V. Nutritional Deficiencies That May Predispose to Long COVID. Inflammopharmacology 2023, 31, 573-583. [CrossRef]
[PubMed]

Phetsouphanh, C.; Darley, D.R.; Wilson, D.B.; Howe, A.; Munier, C.M.L,; Patel, S.K,; Juno, J.A.; Burrell, LM.; Kent, S.J.; Dore, G.L.;
et al. Immunological Dysfunction Persists for 8 Months Following Initial Mild-to-Moderate SARS-CoV-2 Infection. Nat. Immunol.
2022, 23, 210-216. Available online: https:/ /www.nature.com/articles /s41590-021-01113-x (accessed on 3 February 2024).
Rojas, M.; Rodriguez, Y.; Acosta-Ampudia, Y.; Monsalve, D.M.; Zhu, C.; Li, Q.-Z.; Ramirez-Santana, C.; Anaya, ].-M. Autoimmu-
nity Is a Hallmark of Post-COVID Syndrome. . Transl. Med. 2022, 20, 129. [CrossRef] [PubMed]

Vassiliou, A.G.; Vrettou, C.S.; Keskinidou, C.; Dimopoulou, I.; Kotanidou, A.; Orfanos, S.E. Endotheliopathy in Acute COVID-19
and Long COVID. Int. ]. Mol. Sci. 2023, 24, 8237. [CrossRef] [PubMed]

Chadda, K.R.; Blakey, E.E.; Huang, C.L.-H.; Jeevaratnam, K. Long COVID-19 and Postural Orthostatic Tachycardia Syndrome- Is
Dysautonomia to Be Blamed? Front. Cardiovasc. Med. 2022, 9, 860198. [CrossRef]

Kanczkowski, W.; Beuschlein, F.; Bornstein, S.R. Is There a Role for the Adrenal Glands in Long COVID? Nat. Rev. Endocrinol.
2022, 18, 451-452. [CrossRef]

Nunn, A.VW,; Guy, GW.; Brysch, W.; Bell, ].D. Understanding Long COVID; Mitochondrial Health and Adaptation-Old
Pathways, New Problems. Biomedicines 2022, 10, 3113. [CrossRef]

Papagiouvanni, I.; Kotoulas, S.-C.; Pataka, A.; Spyratos, D.G.; Porpodis, K.; Boutou, A.K.; Papagiouvannis, G.; Grigoriou, I;
Vettas, C.; Goulis, I. COVID-19 and Liver Injury: An Ongoing Challenge. World ]. Gastroenterol. 2023, 29, 257-271. [CrossRef]
[PubMed]

Williams, L.D.; Zis, P. COVID-19-Related Neuropathic Pain: A Systematic Review and Meta-Analysis. J. Clin. Med. 2023, 12, 1672.
[CrossRef]

Kubota, T.; Kuroda, N.; Sone, D. Neuropsychiatric Aspects of Long COVID: A Comprehensive Review. Psychiatry Clin. Neurosci.
2023, 77, 84-93. [CrossRef]

Guo, P; Benito Ballesteros, A.; Yeung, S.P; Liu, R.; Saha, A.; Curtis, L.; Kaser, M.; Haggard, M.P.; Cheke, L.G. COVCOG 2:
Cognitive and Memory Deficits in Long COVID: A Second Publication From the COVID and Cognition Study. Front. Aging
Neurosci. 2022, 14, 804937. [CrossRef] [PubMed]

Kell, D.B.; Laubscher, G.J.; Pretorius, E. A Central Role for Amyloid Fibrin Microclots in Long COVID/PASC: Origins and
Therapeutic Implications. Biochem. J. 2022, 479, 537-559. [CrossRef] [PubMed]

Platonov, A.E.; Sarksyan, D.S.; Karan, L.S.; Shipulin, G.A.; Gordygina, E.V.; Malinin, O.V.; Maleev, V.V. The blood coagulation
system and microcirculatory disorders in ixodid tick-borne borreliosis caused by Borrelia miyamotoi. Ter. Arkh 2015, 87, 26-32.
[CrossRef]

Jakab, A; Kahlig, P.; Kuenzli, E.; Neumayr, A. Tick Borne Relapsing Fever—A Systematic Review and Analysis of the Literature.
PLoS Negl. Trop. Dis. 2022, 16, €0010212. [CrossRef]

Berghoff, W. Chronic Lyme Disease and Co-Infections: Differential Diagnosis. Open Neurol. J. 2012, 6, 158-178. [CrossRef]
Belongia, E.A. Epidemiology and Impact of Coinfections Acquired from Ixodes Ticks. Vector-Borne Zoonotic Dis. 2002, 2, 265-273.
[CrossRef]

Krause, P]J.; Telford, S.R.; Spielman, A.; Sikand, V.; Ryan, R.; Christianson, D.; Burke, G.; Brassard, P; Pollack, R.; Peck, J.; et al.
Concurrent Lyme Disease and Babesiosis. Evidence for Increased Severity and Duration of Illness. JAMA 1996, 275, 1657-1660.
[CrossRef] [PubMed]

Trouillas, P.; Franck, M. Complete Remission in Paralytic Late Tick-Borne Neurological Disease Comprising Mixed Involvement
of Borrelia, Babesia, Anaplasma, and Bartonella: Use of Long-Term Treatments with Antibiotics and Antiparasitics in a Series of
10 Cases. Antibiotics 2023, 12, 1021. [CrossRef] [PubMed]

Rocklov, J.; Dubrow, R. Climate Change: An Enduring Challenge for Vector-Borne Disease Prevention and Control. Nat. Immunol.
2020, 21, 479-483. [CrossRef] [PubMed]

Caminade, C.; McIntyre, KM.; Jones, A.E. Impact of Recent and Future Climate Change on Vector-borne Diseases. Ann. N. Y.
Acad. Sci. 2019, 1436, 157-173. [CrossRef] [PubMed]

Kempf, V.A.; Volkmann, B.; Schaller, M.; Sander, C.A.; Alitalo, K.; Riess, T.; Autenrieth, I.B. Evidence of a Leading Role for VEGF
in Bartonella Henselae-Induced Endothelial Cell Proliferations. Cell Microbiol. 2001, 3, 623-632. [CrossRef] [PubMed]

Patterson, B.K.; Guevara-Coto, J.; Yogendra, R.; Francisco, E.B.; Long, E.; Pise, A.; Rodrigues, H.; Parikh, P.; Mora, J.; Mora-
Rodriguez, R.A. Immune-Based Prediction of COVID-19 Severity and Chronicity Decoded Using Machine Learning. Front.
Immunol. 2021, 12, 700782. [CrossRef] [PubMed]

Horowitz, R.I; Freeman, P.R. The Use of Dapsone as a Novel “Persister” Drug in the Treatment of Chronic Lyme Disease/Post
Treatment Lyme Disease Syndrome. |. Clin. Exp. Dermatol. Res. 2016, 7, 345. [CrossRef]

Horowitz, R.I; Freeman, PR. Are Mycobacterium Drugs Effective for Treatment Resistant Lyme Disease, TickBorne Co-Infections,
and Autoimmune Disease? JSM Arthritis 2016, 1, 1008.

Horowitz, R.I; Freeman, PR. Efficacy of Double-Dose Dapsone Combination Therapy in the Treatment of Chronic Lyme
Disease/Post-Treatment Lyme Disease Syndrome (PTLDS) and Associated Co-Infections: A Report of Three Cases and Retrospec-
tive Chart Review. Antibiotics 2020, 9, 725. [CrossRef]

Vestby, L.K.; Grenseth, T.; Simm, R.; Nesse, L.L. Bacterial Biofilm and Its Role in the Pathogenesis of Disease. Antibiotics 2020,
9, 59. [CrossRef]


https://doi.org/10.1007/s10787-023-01183-3
https://www.ncbi.nlm.nih.gov/pubmed/36920723
https://www.nature.com/articles/s41590-021-01113-x
https://doi.org/10.1186/s12967-022-03328-4
https://www.ncbi.nlm.nih.gov/pubmed/35296346
https://doi.org/10.3390/ijms24098237
https://www.ncbi.nlm.nih.gov/pubmed/37175942
https://doi.org/10.3389/fcvm.2022.860198
https://doi.org/10.1038/s41574-022-00700-8
https://doi.org/10.3390/biomedicines10123113
https://doi.org/10.3748/wjg.v29.i2.257
https://www.ncbi.nlm.nih.gov/pubmed/36687117
https://doi.org/10.3390/jcm12041672
https://doi.org/10.1111/pcn.13508
https://doi.org/10.3389/fnagi.2022.804937
https://www.ncbi.nlm.nih.gov/pubmed/35370620
https://doi.org/10.1042/BCJ20220016
https://www.ncbi.nlm.nih.gov/pubmed/35195253
https://doi.org/10.17116/terarkh2015871126-32
https://doi.org/10.1371/journal.pntd.0010212
https://doi.org/10.2174/1874205X01206010158
https://doi.org/10.1089/153036602321653851
https://doi.org/10.1001/jama.1996.03530450047031
https://www.ncbi.nlm.nih.gov/pubmed/8637139
https://doi.org/10.3390/antibiotics12061021
https://www.ncbi.nlm.nih.gov/pubmed/37370340
https://doi.org/10.1038/s41590-020-0648-y
https://www.ncbi.nlm.nih.gov/pubmed/32313242
https://doi.org/10.1111/nyas.13950
https://www.ncbi.nlm.nih.gov/pubmed/30120891
https://doi.org/10.1046/j.1462-5822.2001.00144.x
https://www.ncbi.nlm.nih.gov/pubmed/11553014
https://doi.org/10.3389/fimmu.2021.700782
https://www.ncbi.nlm.nih.gov/pubmed/34262570
https://doi.org/10.4172/2155-9554.1000345
https://doi.org/10.3390/antibiotics9110725
https://doi.org/10.3390/antibiotics9020059

Microorganisms 2024, 12, 909 50 of 56

75.

76.

77.

78.
79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.
94.

95.

96.

97.

98.

99.

100.

101.

102.

Horowitz, R.I; Murali, K.; Gaur, G.; Freeman, PR.; Sapi, E. Effect of Dapsone Alone and in Combination with Intracellular
Antibiotics against the Biofilm Form of B. Burgdorferi. BMC Res. Notes 2020, 13, 455. [CrossRef] [PubMed]

Zheng, X.; Ma, X,; Li, T.; Shi, W.; Zhang, Y. Effect of Different Drugs and Drug Combinations on Killing Stationary Phase and
Biofilms Recovered Cells of Bartonella Henselae in Vitro. BMC Microbiol. 2020, 20, 87. [CrossRef] [PubMed]

Feng, J.; Weitner, M.; Shi, W.; Zhang, S.; Sullivan, D.; Zhang, Y. Identification of Additional Anti-Persister Activity against Borrelia
Burgdorferi from an FDA Drug Library. Antibiotics 2015, 4, 397-410. [CrossRef] [PubMed]

Bistas, E.; Sanghavi, D.K. Methylene Blue. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2024.

Zhang, Y.; Shi, W.; Zhang, W.; Mitchison, D. Mechanisms of Pyrazinamide Action and Resistance. Microbiol. Spectr. 2013, 2, 1-12.
[CrossRef] [PubMed]

Little, W.; Black, C.; Smith, A.C. Clinical Implications of Polymicrobial Synergism Effects on Antimicrobial Susceptibility. Pathogens
2021, 10, 144. [CrossRef] [PubMed]

Sharma, B.; Brown, A.V,; Matluck, N.E.; Hu, L.T.; Lewis, K. Borrelia Burgdorferi, the Causative Agent of Lyme Disease, Forms
Drug-Tolerant Persister Cells. Antimicrob. Agents Chemother. 2015, 59, 4616-4624. [CrossRef] [PubMed]

Li, T.; Feng, J.; Xiao, S.; Shi, W,; Sullivan, D.; Zhang, Y. Identification of FDA-Approved Drugs with Activity against Stationary
Phase Bartonella Henselae. Antibiotics 2019, 8, 50. [CrossRef]

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,; et al.
Characterization of Biofilm Formation by Borrelia Burgdorferi in Vitro. PLoS ONE 2012, 7, e48277. [CrossRef]

Okaro, U.; George, S.; Anderson, B. What Is in a Cat Scratch? Growth of Bartonella Henselae in a Biofilm. Microorganisms 2021,
9, 835. [CrossRef]

Mietze, A ; Strube, C.; Beyerbach, M.; Schnieder, T.; Goethe, R. Occurrence of Bartonella Henselae and Borrelia Burgdorferi Sensu
Lato Co-Infections in Ticks Collected from Humans in Germany. Clin. Microbiol. Infect. 2011, 17, 918-920. [CrossRef]

Holden, K.; Boothby, ].T.; Kasten, R.W.; Chomel, B.B. Co-Detection of Bartonella Henselae, Borrelia Burgdorferi, and Anaplasma
Phagocytophilum in Ixodes Pacificus Ticks from California, USA. Vector Borne Zoonotic Dis. 2006, 6, 99-102. [CrossRef] [PubMed]
Halos, L.; Jamal, T.; Maillard, R.; Beugnet, F.; Le Menach, A.; Boulouis, H.-].; Vayssier-Taussat, M. Evidence of Bartonella Sp. in
Questing Adult and Nymphal Ixodes Ricinus Ticks from France and Co-Infection with Borrelia Burgdorferi Sensu Lato and
Babesia Sp. Vet. Res. 2005, 36, 79-87. [CrossRef] [PubMed]

Maggi, R.G.; Toliver, M.; Richardson, T.; Mather, T.; Breitschwerdt, E.B. Regional Prevalences of Borrelia Burgdorferi, Borrelia
Bissettiae, and Bartonella Henselae in Ixodes Affinis, Ixodes Pacificus and Ixodes Scapularis in the USA. Ticks Tick Borne Dis. 2019,
10, 360-364. [CrossRef] [PubMed]

Eskow, E.; Rao, R.-V.S.; Mordechai, E. Concurrent Infection of the Central Nervous System by Borrelia Burgdorferi and Bartonella
Henselae: Evidence for a Novel Tick-Borne Disease Complex. Arch. Neurol. 2001, 58, 1357-1363. [CrossRef] [PubMed]
Chmielewska-Badora, J.; Moniuszko, A.; Zukiewicz-Sobczak, W.; Zwoliniski, J.; Piatek, J.; Pancewicz, S. Serological Survey
in Persons Occupationally Exposed to Tick-Borne Pathogens in Cases of Co-Infections with Borrelia Burgdorferi, Anaplasma
Phagocytophilum, Bartonella Spp. and Babesia Microti. Ann. Agric. Env. Med. 2012, 19, 271-274.

Winans, B.; Humble, M.C.; Lawrence, B.P. Environmental Toxicants and the Developing Immune System: A Missing Link in the
Global Battle against Infectious Disease? Reprod. Toxicol. 2011, 31, 327-336. [CrossRef]

Bamm, V.V; Ko, ].T.; Mainprize, I.L.; Sanderson, V.P.; Wills, M.K.B. Lyme Disease Frontiers: Reconciling Borrelia Biology and
Clinical Conundrums. Pathogens 2019, 8, 299. [CrossRef]

Branda, J.A.; Steere, A.C. Laboratory Diagnosis of Lyme Borreliosis. Clin. Microbiol. Rev. 2021, 34, €00018-19. [CrossRef]
Esbenshade, A.].; Ho, RH.; Shintani, A.; Zhao, Z.; Smith, L.-A.; Friedman, D.L. Dapsone-Induced Methemoglobinemia: A
Dose-Related Occurrence? Cancer 2011, 117, 3485-3492. [CrossRef]

Kabir, H.; Lakshmanan, R.; Gopinath, S.; Bhonagiri, D. Dapsone-induced Methemoglobinemia—A Case Report. Clin. Case Rep.
2021, 9, e04054. [CrossRef]

Farzam, K ; Tivakaran, V.S. QT Prolonging Drugs. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2024. Available
online: https://www.ncbi.nlm.nih.gov/books/NBK534864/ (accessed on 21 April 2024).

Sanabria-Mazo, J.P.; Montero-Marin, ].; Feliu-Soler, A.; Gasion, V.; Navarro-Gil, M.; Morillo-Sarto, H.; Colomer-Carbonell, A.;
Borras, X.; Tops, M.; Luciano, J.V.; et al. Mindfulness-Based Program Plus Amygdala and Insula Retraining (MAIR) for the
Treatment of Women with Fibromyalgia: A Pilot Randomized Controlled Trial. J. Clin. Med. 2020, 9, 3246. [CrossRef] [PubMed]
Ganatra, S.; Dani, S.S.; Ahmad, J.; Kumar, A.; Shah, J.; Abraham, G.M.; McQuillen, D.P.; Wachter, R.M.; Sax, P.E. Oral Nirmatrelvir
and Ritonavir in Nonhospitalized Vaccinated Patients with Coronavirus Disease 2019. Clin. Infect. Dis. 2023, 76, 563-572.
[CrossRef] [PubMed]

Horowitz, R.IL; Freeman, P.R. Three Novel Prevention, Diagnostic, and Treatment Options for COVID-19 Urgently Necessitating
Controlled Randomized Trials. Med. Hypotheses 2020, 143, 109851. [CrossRef] [PubMed]

Horowitz, R.I; Freeman, PR.; Bruzzese, J. Efficacy of Glutathione Therapy in Relieving Dyspnea Associated with COVID-19
Pneumonia: A Report of 2 Cases. Respir. Med. Case Rep. 2020, 30, 101063. [CrossRef] [PubMed]

Stratton, L.P,; Rudolph, A.S.; Knoll, W.K,; Bayne, S.; Farmer, M.C. The Reduction of Methemoglobin Levels by Antioxidants.
Hemoglobin 1988, 12, 353-368. [CrossRef] [PubMed]

Atyabi, N.; Yasini, S.P; Jalali, S.M.; Shaygan, H. Antioxidant Effect of Different Vitamins on Methemoglobin Production: An in
Vitro Study. Vet. Res. Forum 2012, 3, 97-101.


https://doi.org/10.1186/s13104-020-05298-6
https://www.ncbi.nlm.nih.gov/pubmed/32993780
https://doi.org/10.1186/s12866-020-01777-9
https://www.ncbi.nlm.nih.gov/pubmed/32276590
https://doi.org/10.3390/antibiotics4030397
https://www.ncbi.nlm.nih.gov/pubmed/27025631
https://doi.org/10.1128/microbiolspec.MGM2-0023-2013
https://www.ncbi.nlm.nih.gov/pubmed/26104205
https://doi.org/10.3390/pathogens10020144
https://www.ncbi.nlm.nih.gov/pubmed/33535562
https://doi.org/10.1128/AAC.00864-15
https://www.ncbi.nlm.nih.gov/pubmed/26014929
https://doi.org/10.3390/antibiotics8020050
https://doi.org/10.1371/journal.pone.0048277
https://doi.org/10.3390/microorganisms9040835
https://doi.org/10.1111/j.1469-0691.2010.03363.x
https://doi.org/10.1089/vbz.2006.6.99
https://www.ncbi.nlm.nih.gov/pubmed/16584332
https://doi.org/10.1051/vetres:2004052
https://www.ncbi.nlm.nih.gov/pubmed/15610725
https://doi.org/10.1016/j.ttbdis.2018.11.015
https://www.ncbi.nlm.nih.gov/pubmed/30503356
https://doi.org/10.1001/archneur.58.9.1357
https://www.ncbi.nlm.nih.gov/pubmed/11559306
https://doi.org/10.1016/j.reprotox.2010.09.004
https://doi.org/10.3390/pathogens8040299
https://doi.org/10.1128/CMR.00018-19
https://doi.org/10.1002/cncr.25904
https://doi.org/10.1002/ccr3.4054
https://www.ncbi.nlm.nih.gov/books/NBK534864/
https://doi.org/10.3390/jcm9103246
https://www.ncbi.nlm.nih.gov/pubmed/33050630
https://doi.org/10.1093/cid/ciac673
https://www.ncbi.nlm.nih.gov/pubmed/35986628
https://doi.org/10.1016/j.mehy.2020.109851
https://www.ncbi.nlm.nih.gov/pubmed/32534175
https://doi.org/10.1016/j.rmcr.2020.101063
https://www.ncbi.nlm.nih.gov/pubmed/32322478
https://doi.org/10.3109/03630268808998035
https://www.ncbi.nlm.nih.gov/pubmed/3170237

Microorganisms 2024, 12, 909 51 of 56

103.
104.
105.
106.
107.
108.
109.
110.
111.
112.

113.

114.
115.
116.

117.
118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Kennett, E.C.; Ogawa, E.; Agar, N.S.; Godwin, LR.; Bubb, W.A; Kuchel, PW. Investigation of methaemoglobin reduction by
extracellular NADH in mammalian erythrocytes. Int. J. Biochem. Cell Biol. 2005, 37, 1438-1445. [CrossRef] [PubMed]

Coleman, M.; Scott, A.; Breckenridge, A.; Park, B. The Use of Cimetidine as a Selective Inhibitor of Dapsone N- Hydroxylation in
Man. Br. J. Clin. Pharmacol. 1990, 30, 761-767. [CrossRef]

Gristan, Y.D.; Moosavi, L. Folinic Acid. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2023.

Kopacz, K.; Phadtare, S. Probiotics for the Prevention of Antibiotic-Associated Diarrhea. Healthcare 2022, 10, 1450. [CrossRef]
Mcfarland, L. Meta-Analysis of Probiotics for the Prevention of Antibiotic Associated Diarrhea and the Treatment of Clostridium
Difficile Disease. Am. |. Gastroenterol. 2006, 101, 812-822. [CrossRef]

Gillman, PK. CNS Toxicity Involving Methylene Blue: The Exemplar for Understanding and Predicting Drug Interactions That
Precipitate Serotonin Toxicity. J. Psychopharmacol. 2011, 25, 429-436. [CrossRef] [PubMed]

Edinoff, A.N.; Swinford, C.R.; Odisho, A.S.; Burroughs, C.R.; Stark, C.W.; Raslan, W.A.; Cornett, E.M.; Kaye, A.M.; Kaye, A.D.
Clinically Relevant Drug Interactions with Monoamine Oxidase Inhibitors. Health Psychol. Res. 2022, 10, 39576. [CrossRef]
[PubMed]

Garcia, E.; Santos, C. Monoamine Oxidase Inhibitor Toxicity. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2023.
Mehta, P; Leslie, S.W.; Reddivari, A.K.R. Dysuria. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2023.

Liegner, K.B. Disulfiram (Tetraethylthiuram disulfide) in the Treatment of Lyme Disease and Babesiosis: Report of Experience in
Three Cases. Antibiotics 2019, 8, 72. [CrossRef] [PubMed]

Gao, J.; Gong, Z.; Montesano, D.; Glazer, E.; Liegner, K. “Repurposing” Disulfiram in the Treatment of Lyme Disease and
Babesiosis: Retrospective Review of First 3 Years’ Experience in One Medical Practice. Antibiotics 2020, 9, 868. [CrossRef]
[PubMed]

Tran, A.T; Rison, R.A.; Beydoun, S.R. Disulfiram Neuropathy: Two Case Reports. J. Med. Case Rep. 2016, 10, 72. [CrossRef]
[PubMed]

Butler, T. The Jarisch-Herxheimer Reaction after Antibiotic Treatment of Spirochetal Infections: A Review of Recent Cases and
Our Understanding of Pathogenesis. Am. |. Trop. Med. Hyg. 2017, 96, 46-52. [CrossRef] [PubMed]

Stokes, M.; Abdijadid, S. Disulfiram. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2023.

Shutter, M.C.; Akhondi, H. Tetracycline. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2023.

Pothineni, V.R.; Wagh, D.; Babar, M.M.; Inayathullah, M.; Solow-Cordero, D.; Kim, K.-M.; Samineni, A.V.; Parekh, M.B.; Tayebi, L.;
Rajadas, J. Identification of New Drug Candidates against Borrelia Burgdorferi Using High-Throughput Screening. Drug Des.
Devel Ther. 2016, 10, 1307-1322. [CrossRef]

Pothineni, V.R.; Wagh, D.; Babar, M.M.; Inayathullah, M.; Watts, R.E.; Kim, K.-M.; Parekh, M.B.; Gurjarpadhye, A.A.; Solow-
Cordero, D.; Tayebi, L.; et al. Screening of NCI-DTP Library to Identify New Drug Candidates for Borrelia Burgdorferi. J. Antibiot.
2017, 70, 308-312. [CrossRef]

Theophilus, P.A.S.; Victoria, M.].; Socarras, K.M.; Filush, K.R.; Gupta, K.; Luecke, D.F,; Sapi, E. Effectiveness of Stevia Rebaudiana
Whole Leaf Extract Against the Various Morphological Forms of Borrelia Burgdorferi in Vitro. Eur. J. Microbiol. Immunol. 2015,
5,268-280. [CrossRef]

Karvonen, K.; Gilbert, L. Effective Killing of Borrelia Burgdorferi in Vitro with Novel Herbal Compounds. Gen. Med. Open 2018,
2, 1-4. [CrossRef]

Feng, J.; Shi, W.; Miklossy, J.; Tauxe, G.M.; McMeniman, C.J.; Zhang, Y. Identification of Essential Oils with Strong Activity against
Stationary Phase Borrelia Burgdorferi. Antibiotics 2018, 7, 89. [CrossRef]

Sarwar, W.; Ali, Q.; Ahmed, S. Microscopic Visualization of the Antibiofilm Potential of Essential Oils against Staphylococcus
Aureus and Klebsiella Pneumoniae. Microsc. Res. Tech. 2022, 85, 3921-3931. [CrossRef] [PubMed]

Percival, S.L.; Salisbury, A.-M. The Efficacy of Tetrasodium EDTA on Biofilms. In Advances in Microbiology, Infectious Diseases and
Public Health: Volume 9; Donelli, G., Ed.; Advances in Experimental Medicine and Biology; Springer International Publishing:
Cham, Switzerland, 2018; pp. 101-110. ISBN 978-3-319-79017-6.

Bruna, T.; Maldonado-Bravo, E; Jara, P.; Caro, N. Silver Nanoparticles and Their Antibacterial Applications. Int. J. Mol. Sci. 2021,
22,7202. [CrossRef] [PubMed]

Krislee, A.; Fadly, C.; Nugrahaningsih, D.A.A.; Nuryastuti, T.; Nitbani, F.O.; Jumina; Sholikhah, E.N. The 1-Monolaurin Inhibit
Growth and Eradicate the Biofilm Formed by Clinical Isolates of Staphylococcus Epidermidis. BMC Proc. 2019, 13, 19. [CrossRef]
Katsipis, G.; Pantazaki, A.A. Serrapeptase Impairs Biofilm, Wall, and Phospho-Homeostasis of Resistant and Susceptible
Staphylococcus Aureus. Appl. Microbiol. Biotechnol. 2023, 107, 1373-1389. [CrossRef]

Goc, A.; Rath, M. The Anti-Borreliae Efficacy of Phytochemicals and Micronutrients: An Update. Ther. Adv. Infect. Dis. 2016,
3, 75-82. [CrossRef]

Brorson, O.; Brorson, S. An in Vitro Study of the Susceptibility of Mobile and Cystic Forms of Borrelia Burgdorferi to Hydroxy-
chloroquine. Int. Microbiol. Off. J. Span. Soc. Microbiol. 2002, 5, 25-31. [CrossRef] [PubMed]

Wu, G,; Lupton, J.R,; Turner, N.D.; Fang, Y.-Z.; Yang, S. Glutathione Metabolism and Its Implications for Health. J. Nutr. 2004,
134, 489-492. [CrossRef]

Burgdorfer, W. Lyme Borreliosis: Ten Years after Discovery of the Etiologic Agent, Borrelia Burgdorferi. Infection 1991, 19, 257-262.
[CrossRef]


https://doi.org/10.1016/j.biocel.2005.02.001
https://www.ncbi.nlm.nih.gov/pubmed/15833275
https://doi.org/10.1111/j.1365-2125.1990.tb03847.x
https://doi.org/10.3390/healthcare10081450
https://doi.org/10.1111/j.1572-0241.2006.00465.x
https://doi.org/10.1177/0269881109359098
https://www.ncbi.nlm.nih.gov/pubmed/20142303
https://doi.org/10.52965/001c.39576
https://www.ncbi.nlm.nih.gov/pubmed/36425231
https://doi.org/10.3390/antibiotics8020072
https://www.ncbi.nlm.nih.gov/pubmed/31151194
https://doi.org/10.3390/antibiotics9120868
https://www.ncbi.nlm.nih.gov/pubmed/33291557
https://doi.org/10.1186/s13256-016-0865-z
https://www.ncbi.nlm.nih.gov/pubmed/27029711
https://doi.org/10.4269/ajtmh.16-0434
https://www.ncbi.nlm.nih.gov/pubmed/28077740
https://doi.org/10.2147/DDDT.S101486
https://doi.org/10.1038/ja.2016.131
https://doi.org/10.1556/1886.2015.00031
https://doi.org/10.15761/GMO.1000153
https://doi.org/10.3390/antibiotics7040089
https://doi.org/10.1002/jemt.24243
https://www.ncbi.nlm.nih.gov/pubmed/36250506
https://doi.org/10.3390/ijms22137202
https://www.ncbi.nlm.nih.gov/pubmed/34281254
https://doi.org/10.1186/s12919-019-0174-9
https://doi.org/10.1007/s00253-022-12356-5
https://doi.org/10.1177/2049936116655502
https://doi.org/10.1007/s10123-002-0055-2
https://www.ncbi.nlm.nih.gov/pubmed/12102233
https://doi.org/10.1093/jn/134.3.489
https://doi.org/10.1007/BF01644963

Microorganisms 2024, 12, 909 52 of 56

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

Lantos, PM.; Rumbaugh, J.; Bockenstedt, L.K.; Falck-Ytter, Y.T.; Aguero-Rosenfeld, M.E.; Auwaerter, P.G.; Baldwin, K.; Bannuru,
R.R; Belani, K.K.; Bowie, W.R,; et al. Clinical Practice Guidelines by the Infectious Diseases Society of America (IDSA), American
Academy of Neurology (AAN), and American College of Rheumatology (ACR): 2020 Guidelines for the Prevention, Diagnosis,
and Treatment of Lyme Disease. Arthritis Care Res. 2021, 73, 1-9. [CrossRef]

Delpierre, C.; Lefevre, T. Precision and Personalized Medicine: What Their Current Definition Says and Silences about the Model
of Health They Promote. Implication for the Development of Personalized Health. Front. Sociol. 2023, 8, 1112159. [CrossRef]
Martin-Sanchez, F,; Lazaro, M.; Lopez-Otin, C.; Andreu, A.L.; Cigudosa, J.C.; Garcia-Barbero, M. Personalized Precision Medicine
for Health Care Professionals: Development of a Competency Framework. JMIR Med. Educ. 2023, 9, e43656. [CrossRef] [PubMed]
Shor, S.; Green, C.; Szantyr, B.; Phillips, S.; Liegner, K.; Burrascano, J.; Bransfield, R.; Maloney, E.L. Chronic Lyme Disease: An
Evidence-Based Definition by the ILADS Working Group. Antibiotics 2019, 8, 269. [CrossRef]

Hodzic, E.; Imai, D.; Feng, S.; Barthold, S.W. Resurgence of Persisting Non-Cultivable Borrelia Burgdorferi Following Antibiotic
Treatment in Mice. PLoS ONE 2014, 9, e86907. [CrossRef]

Chang, Y.-F,; Ku, Y.-W.; Chang, C.-F,; Chang, C.-D.; McDonough, S.P.; Divers, T.; Pough, M.; Torres, A. Antibiotic Treatment of
Experimentally Borrelia Burgdorferi-Infected Ponies. Vet. Microbiol. 2005, 107, 285-294. [CrossRef] [PubMed]

Straubinger, R.K.; Summers, B.A.; Chang, Y.E; Appel, M.]. Persistence of Borrelia Burgdorferi in Experimentally Infected Dogs
after Antibiotic Treatment. J. Clin. Microbiol. 1997, 35, 111-116. [CrossRef]

Straubinger, R.K. PCR-Based Quantification of Borrelia Burgdorferi Organisms in Canine Tissues over a 500-Day Postinfection
Period. J. Clin. Microbiol. 2000, 38, 2191-2199. [CrossRef] [PubMed]

Embers, MLE.; Barthold, S.W.; Borda, ].T.; Bowers, L.; Doyle, L.; Hodzic, E.; Jacobs, M.B.; Hasenkampf, N.R.; Martin, D.S,;
Narasimhan, S.; et al. Persistence of Borrelia Burgdorferi in Rhesus Macaques Following Antibiotic Treatment of Disseminated
Infection. PLoS ONE 2012, 7, €29914. [CrossRef]

Embers, M.E.; Hasenkampf, N.R.; Jacobs, M.B.; Tardo, A.C.; Doyle-Meyers, L.A.; Philipp, M.T.; Hodzic, E. Variable Manifestations,
Diverse Seroreactivity and Post-Treatment Persistence in Non-Human Primates Exposed to Borrelia Burgdorferi by Tick Feeding.
PLoS ONE 2017, 12, €0189071. [CrossRef]

Preac-Mursic, V.; Pfister, HW.; Spiegel, H.; Burk, R.; Wilske, B.; Reinhardt, S.; Bshmer, R. First Isolation of Borrelia Burgdorferi
from an Iris Biopsy. . Clin. Neuroophthalmol. 1993, 13, 155-161; discussion 162.

Meier, P; Blatz, R.; Gau, M.; Spencker, EB.; Wiedemann, P. Pars plana vitrectomy in Borrelia burgdorferi endophthalmitis. Klin.
Monbl. Augenheilkd. 1998, 213, 351-354. [CrossRef] [PubMed]

Lawrence, C.; Lipton, R.B.; Lowy, ED.; Coyle, PK. Seronegative Chronic Relapsing Neuroborreliosis. Eur. Neurol. 1995,
35,113-117. [CrossRef] [PubMed]

Haupl, T.; Hahn, G.; Rittig, M.; Krause, A.; Schoerner, C.; Schénherr, U.; Kalden, J.R.; Burmester, G.R. Persistence of Borrelia
Burgdorferi in Ligamentous Tissue from a Patient with Chronic Lyme Borreliosis. Arthritis Rheum. 1993, 36, 1621-1626. [CrossRef]
[PubMed]

Bradley, J.F.; Johnson, R.C.; Goodman, J.L. The Persistence of Spirochetal Nucleic Acids in Active Lyme Arthritis. Ann. Intern.
Med. 1994, 120, 487-489. [CrossRef] [PubMed]

Ma, Y.; Sturrock, A.; Weis, J.J. Intracellular Localization of Borrelia Burgdorferi within Human Endothelial Cells. Infect. Immun.
1991, 59, 671-678. [CrossRef] [PubMed]

Girschick, H.J.; Huppertz, H.I; Riissmann, H.; Krenn, V.; Karch, H. Intracellular Persistence of Borrelia Burgdorferi in Human
Synovial Cells. Rheumatol. Int. 1996, 16, 125-132. [CrossRef] [PubMed]

Montgomery, R.R.; Nathanson, M.H.; Malawista, S.E. The Fate of Borrelia Burgdorferi, the Agent for Lyme Disease, in Mouse
Macrophages. Destruction, Survival, Recovery. J. Immunol. 1993, 150, 909-915. [CrossRef] [PubMed]

Klempner, M.S.; Noring, R.; Rogers, R.A. Invasion of Human Skin Fibroblasts by the Lyme Disease Spirochete, Borrelia Burgdorferi.
J. Infect. Dis. 1993, 167, 1074-1081. [CrossRef] [PubMed]

Sapi, E.; Balasubramanian, K.; Poruri, A.; Maghsoudlou, J.S.; Socarras, K.M.; Timmaraju, A.V,; Filush, K.R.; Gupta, K.; Shaikh, S.;
Theophilus, P.A.S.; et al. Evidence of in Vivo Existence of Borrelia Biofilm in Borrelial Lymphocytomas. Eur. J. Microbiol. Immunol.
2016, 6, 9-24. [CrossRef]

Skare, ].T.; Garcia, B.L. Complement Evasion by Lyme Disease Spirochetes. Trends Microbiol. 2020, 28, 889-899. [CrossRef]
Sarkar, A.; Tilly, K.; Stewart, P.; Bestor, A.; Battisti, ].M.; Rosa, P.A. Borrelia Burgdorferi Resistance to a Major Skin Antimicrobial
Peptide Is Independent of Outer Surface Lipoprotein Content. Antimicrob. Agents Chemother. 2009, 53, 4490—4494. [CrossRef]
Karvonen, K.; Nykky, J.; Marjomaiki, V.; Gilbert, L. Distinctive Evasion Mechanisms to Allow Persistence of Borrelia Burgdorferi
in Different Human Cell Lines. Front. Microbiol. 2021, 12, 711291. [CrossRef] [PubMed]

Anderson, C.; Brissette, C.A. The Brilliance of Borrelia: Mechanisms of Host Immune Evasion by Lyme Disease-Causing
Spirochetes. Pathogens 2021, 10, 281. [CrossRef] [PubMed]

Timmaraju, V.A.; Theophilus, P.A.S.; Balasubramanian, K.; Shakih, S.; Luecke, D.F,; Sapi, E. Biofilm Formation by Borrelia
Burgdorferi Sensu Lato. FEMS Microbiol. Lett. 2015, 362, fnv120. [CrossRef] [PubMed]

Gindl, A.; Schétta, A.; Berent, S.; Markowicz, M.; Stockinger, H.; Thalhammer, E; Stary, G.; Strobl, J. Persistent Lyme Disease with
Cutaneous Borrelia Biofilm Formation. Br. |. Dermatol. 2022, 186, 1041-1043. [CrossRef] [PubMed]


https://doi.org/10.1002/acr.24495
https://doi.org/10.3389/fsoc.2023.1112159
https://doi.org/10.2196/43656
https://www.ncbi.nlm.nih.gov/pubmed/36749626
https://doi.org/10.3390/antibiotics8040269
https://doi.org/10.1371/journal.pone.0086907
https://doi.org/10.1016/j.vetmic.2005.02.006
https://www.ncbi.nlm.nih.gov/pubmed/15863289
https://doi.org/10.1128/jcm.35.1.111-116.1997
https://doi.org/10.1128/JCM.38.6.2191-2199.2000
https://www.ncbi.nlm.nih.gov/pubmed/10834975
https://doi.org/10.1371/journal.pone.0029914
https://doi.org/10.1371/journal.pone.0189071
https://doi.org/10.1055/s-2008-1035001
https://www.ncbi.nlm.nih.gov/pubmed/10048013
https://doi.org/10.1159/000117104
https://www.ncbi.nlm.nih.gov/pubmed/7796837
https://doi.org/10.1002/art.1780361118
https://www.ncbi.nlm.nih.gov/pubmed/8240439
https://doi.org/10.7326/0003-4819-120-6-199403150-00007
https://www.ncbi.nlm.nih.gov/pubmed/8093136
https://doi.org/10.1128/iai.59.2.671-678.1991
https://www.ncbi.nlm.nih.gov/pubmed/1987083
https://doi.org/10.1007/BF01409985
https://www.ncbi.nlm.nih.gov/pubmed/8893378
https://doi.org/10.4049/jimmunol.150.3.909
https://www.ncbi.nlm.nih.gov/pubmed/8423346
https://doi.org/10.1093/infdis/167.5.1074
https://www.ncbi.nlm.nih.gov/pubmed/8486939
https://doi.org/10.1556/1886.2015.00049
https://doi.org/10.1016/j.tim.2020.05.004
https://doi.org/10.1128/AAC.00558-09
https://doi.org/10.3389/fmicb.2021.711291
https://www.ncbi.nlm.nih.gov/pubmed/34712208
https://doi.org/10.3390/pathogens10030281
https://www.ncbi.nlm.nih.gov/pubmed/33801255
https://doi.org/10.1093/femsle/fnv120
https://www.ncbi.nlm.nih.gov/pubmed/26208529
https://doi.org/10.1111/bjd.20977
https://www.ncbi.nlm.nih.gov/pubmed/34990013

Microorganisms 2024, 12, 909 53 of 56

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.
168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

Feng, J.; Li, T.; Yee, R,; Yuan, Y,; Bai, C.; Cai, M.; Shi, W.; Embers, M.; Brayton, C.; Saeki, H.; et al. Stationary Phase Persis-
ter /Biofilm Microcolony of Borrelia Burgdorferi Causes More Severe Disease in a Mouse Model of Lyme Arthritis: Implications
for Understanding Persistence, Post-Treatment Lyme Disease Syndrome (PTLDS), and Treatment Failure. Discov. Med. 2019,
27,125-138. [PubMed]

Pulliainen, A.T.; Dehio, C. Persistence of Bartonella Spp. Stealth Pathogens: From Subclinical Infections to Vasoproliferative
Tumor Formation. FEMS Microbiol. Rev. 2012, 36, 563-599. [CrossRef] [PubMed]

Ericson, M.E.; Mozayeni, B.R.; Radovsky, L.; Bemis, L.T. Bartonella- and Borrelia-Related Disease Presenting as a Neurological
Condition Revealing the Need for Better Diagnostics. Microorganisms 2024, 12, 209. [CrossRef] [PubMed]

Stewart, Z.; Korsapathy, S.; Frohlich, F. Crowd-Sourced Investigation of a Potential Relationship between Bartonella-Associated
Cutaneous Lesions and Neuropsychiatric Symptoms. Front. Psychiatry 2023, 14, 1244121. [CrossRef]

Breitschwerdt, E.B.; Bradley, ] M.; Maggi, R.G.; Lashnits, E.; Reicherter, P. Bartonella Associated Cutaneous Lesions (BACL) in
People with Neuropsychiatric Symptoms. Pathogens 2020, 9, 1023. [CrossRef]

Bohmer, M.M.; Ens, K.; Bochm, S.; Heinzinger, S.; Fingerle, V. Epidemiological Surveillance of Lyme Borreliosis in Bavaria,
Germany, 2013-2020. Microorganisms 2021, 9, 1872. [CrossRef] [PubMed]

Maluki, A.; Breitschwerdt, E.; Bemis, L.; Greenberg, R.; Mozayeni, B.R.; Dencklau, J.; Ericson, M. Imaging Analysis of Bartonella
Species in the Skin Using Single-photon and Multi-photon (Second Harmonic Generation) Laser Scanning Microscopy. Clin. Case
Rep. 2020, 8, 1564-1570. [CrossRef] [PubMed]

Citera, M.; Freeman, P.R.; Horowitz, R.I. Empirical Validation of the Horowitz Multiple Systemic Infectious Disease Syndrome
Questionnaire for Suspected Lyme Disease. Int. |. Gen. Med. 2017, 10, 249-273. [CrossRef] [PubMed]

Scott, J.D.; Scott, C.M. Human Babesiosis Caused by Babesia Duncani Has Widespread Distribution across Canada. Healthcare
2018, 6, 49. [CrossRef] [PubMed]

Mada, PK.; Zulfigar, H.; Joel Chandranesan, A.S. Bartonellosis. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2023.
Chancellor, M.B.; McGinnis, D.E.; Shenot, PJ.; Kiilholma, P.; Hirsch, L.H. Urinary Dysfunction in Lyme Disease. J. Urol. 1993,
149, 26-30. [CrossRef] [PubMed]

Breitschwerdt, E.B.; Maggi, R.G.; Farmer, P.; Mascarelli, P.E. Molecular Evidence of Perinatal Transmission of Bartonella Vinsonii
Subsp. Berkhoffii and Bartonella Henselae to a Child. J. Clin. Microbiol. 2010, 48, 2289-2293. [CrossRef] [PubMed]

Brun, ].E; Dumortier, M.; Fedou, C.; Mercier, J. Exercise Hypoglycemia in Nondiabetic Subjects. Diabetes Metab. 2001, 27, 92-106.
[PubMed]

Evengérd, B.; Gréans, H.; Wahlund, E.; Erik Nord, C. Increased Number of Candida Albicans in the Faecal Microflora of Chronic
Fatigue Syndrome Patients during the Acute Phase of Illness. Scand. |. Gastroenterol. 2007, 42, 1514-1515. [CrossRef]

Strassheim, V.; Welford, J.; Ballantine, R.; Newton, J.L. Managing Fatigue in Postural Tachycardia Syndrome (PoTS): The Newcastle
Approach. Auton. Neurosci. 2018, 215, 56-61. [CrossRef]

Huecker, M.R.; Bhutta, B.S.; Dominique, E. Adrenal Insufficiency. In StatPearls; StatPearls Publishing: Treasure Island, FL,
USA, 2024.

Kallestad, H.; Jacobsen, H.B.; Landre, N.I; Borchgrevink, P.C.; Stiles, T.C. The Role of Insomnia in the Treatment of Chronic
Fatigue. |. Psychosom. Res. 2015, 78, 427-432. [CrossRef]

Larkin, D.; Martin, C.R. The Interface between Chronic Fatigue Syndrome and Depression: A Psychobiological and Neurophysio-
logical Conundrum. Neurophysiol. Clin. 2017, 47, 123-129. [CrossRef] [PubMed]

Godlewska, B.R.; Williams, S.; Emir, U.E.; Chen, C.; Sharpley, A.L.; Goncalves, A.J.; Andersson, M.L; Clarke, W.; Angus, B.;
Cowen, PJ. Neurochemical Abnormalities in Chronic Fatigue Syndrome: A Pilot Magnetic Resonance Spectroscopy Study at 7
Tesla. Psychopharmacology 2022, 239, 163. [CrossRef] [PubMed]

Balali-Mood, M.; Naseri, K.; Tahergorabi, Z.; Khazdair, M.R.; Sadeghi, M. Toxic Mechanisms of Five Heavy Metals: Mercury,
Lead, Chromium, Cadmium, and Arsenic. Front. Pharmacol. 2021, 12, 643972. [CrossRef] [PubMed]

Nicolson, G.L.; Ferreira de Mattos, G.; Ash, M.; Settineri, R.; Escriba, P.V. Fundamentals of Membrane Lipid Replacement: A
Natural Medicine Approach to Repairing Cellular Membranes and Reducing Fatigue, Pain, and Other Symptoms While Restoring
Function in Chronic Illnesses and Aging. Membranes 2021, 11, 944. [CrossRef] [PubMed]

Tardy, A.-L.; Pouteau, E.; Marquez, D.; Yilmaz, C.; Scholey, A. Vitamins and Minerals for Energy, Fatigue and Cognition: A
Narrative Review of the Biochemical and Clinical Evidence. Nutrients 2020, 12, 228. [CrossRef] [PubMed]

Kaminsky, A.-L.; Maisonobe, T.; Lenglet, T.; Psimaras, D.; Debs, R.; Viala, K. Confirmed Cases of Neuroborreliosis with
Involvement of Peripheral Nervous System. Medicine 2020, 99, €21986. [CrossRef]

Breitschwerdt, E.B.; Maggi, R.G.; Nicholson, W.L.; Cherry, N.A.; Woods, C.W. Bartonella Sp. Bacteremia in Patients with
Neurological and Neurocognitive Dysfunction. . Clin. Microbiol. 2008, 46, 2856-2861. [CrossRef] [PubMed]

LeDonne, M.J.; Ahmed, S.A.; Keeney, S.M.; Nadworny, H. Trigeminal Neuralgia as the Principal Manifestation of Anaplasmosis:
A Case Report. Cureus 2022, 14, €21668. [CrossRef] [PubMed]

Koszewicz, M.; Markowska, K.; Waliszewska-Prosol, M.; Poreba, R.; Gac, P.; Szymanska-Chabowska, A.; Mazur, G.; Wieczorek,
M.; Ejma, M.; Slotwinski, K.; et al. The Impact of Chronic Co-Exposure to Different Heavy Metals on Small Fibers of Peripheral
Nerves. A Study of Metal Industry Workers. J. Occup. Med. Toxicol. 2021, 16, 12. [CrossRef]

Empting, L. Neurologic and Neuropsychiatric Syndrome Features of Mold and Mycotoxin Exposure. Toxicol. Ind. Health 2009,
25,577-581. [CrossRef]


https://www.ncbi.nlm.nih.gov/pubmed/30946803
https://doi.org/10.1111/j.1574-6976.2012.00324.x
https://www.ncbi.nlm.nih.gov/pubmed/22229763
https://doi.org/10.3390/microorganisms12010209
https://www.ncbi.nlm.nih.gov/pubmed/38276194
https://doi.org/10.3389/fpsyt.2023.1244121
https://doi.org/10.3390/pathogens9121023
https://doi.org/10.3390/microorganisms9091872
https://www.ncbi.nlm.nih.gov/pubmed/34576768
https://doi.org/10.1002/ccr3.2939
https://www.ncbi.nlm.nih.gov/pubmed/32884796
https://doi.org/10.2147/IJGM.S140224
https://www.ncbi.nlm.nih.gov/pubmed/28919803
https://doi.org/10.3390/healthcare6020049
https://www.ncbi.nlm.nih.gov/pubmed/29772759
https://doi.org/10.1016/S0022-5347(17)35989-X
https://www.ncbi.nlm.nih.gov/pubmed/8417211
https://doi.org/10.1128/JCM.00326-10
https://www.ncbi.nlm.nih.gov/pubmed/20392912
https://www.ncbi.nlm.nih.gov/pubmed/11353874
https://doi.org/10.1080/00365520701580397
https://doi.org/10.1016/j.autneu.2018.02.003
https://doi.org/10.1016/j.jpsychores.2014.11.022
https://doi.org/10.1016/j.neucli.2017.01.012
https://www.ncbi.nlm.nih.gov/pubmed/28314518
https://doi.org/10.1007/s00213-021-05986-6
https://www.ncbi.nlm.nih.gov/pubmed/34609538
https://doi.org/10.3389/fphar.2021.643972
https://www.ncbi.nlm.nih.gov/pubmed/33927623
https://doi.org/10.3390/membranes11120944
https://www.ncbi.nlm.nih.gov/pubmed/34940446
https://doi.org/10.3390/nu12010228
https://www.ncbi.nlm.nih.gov/pubmed/31963141
https://doi.org/10.1097/MD.0000000000021986
https://doi.org/10.1128/jcm.00832-08
https://www.ncbi.nlm.nih.gov/pubmed/18632903
https://doi.org/10.7759/cureus.21668
https://www.ncbi.nlm.nih.gov/pubmed/35237471
https://doi.org/10.1186/s12995-021-00302-6
https://doi.org/10.1177/0748233709348393

Microorganisms 2024, 12, 909 54 of 56

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.
201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

Stein, J.; Geisel, J.; Obeid, R. Association between Neuropathy and B-Vitamins: A Systematic Review and Meta-Analysis. Eur. J.
Neurol. 2021, 28, 2054-2064. [CrossRef] [PubMed]

Horvath, R.; Medina, J.; Reilly, M.M.; Shy, M.E.; Zuchner, S. Peripheral Neuropathy in Mitochondrial Disease. Handb. Clin. Neurol.
2023, 194, 99-116. [CrossRef] [PubMed]

Breitschwerdt, E.B.; Maggi, R.G.; Duncan, A.-W.; Nicholson, W.L.; Hegarty, B.C.; Woods, C.W. Bartonella Species in Blood of
Immunocompetent Persons with Animal and Arthropod Contact. Emerg. Infect. Dis. 2007, 13, 938-941. [CrossRef] [PubMed]
Office of the Assistant Secretary for Health. Report of the Other Tick-Borne Diseases and Co-Infections Subcommittee to the
Tick-Borne Disease Working Group. Available online: https://www.hhs.gov/ash/advisory-committees/tickbornedisease/
reports/other-tbds-2018-5-9/index.html (accessed on 21 April 2024).

Marcos, L.A.; Wormser, G.P. Relapsing Babesiosis with Molecular Evidence of Resistance to Certain Antimicrobials Commonly
Used to Treat Babesia Microti Infections. Open Forum Infect. Dis. 2023, 10, ofad391. [CrossRef] [PubMed]

Iguchi, A.; Matsuu, A.; Matsuyama, K.; Hikasa, Y. The Efficacy of Artemisinin, Artemether, and Lumefantrine against Babesia
Gibsoni in Vitro. Parasitol. Int. 2015, 64, 190-193. [CrossRef] [PubMed]

Rogers, R.; Krause, PJ.; Norris, A.M.; Ting, M.H.; Nagami, E.H.; Cilley, B.; Vannier, E. Broad Antimicrobial Resistance in a Case of
Relapsing Babesiosis Successfully Treated with Tafenoquine. Clin. Infect. Dis. 2023, 76, 741-744. [CrossRef] [PubMed]

Zimmer, A.].; Simonsen, K.A. Babesiosis. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2024.

Liu, M.; Ji, S.; Kondoh, D.; Galon, EM.; Li, J.; Tomihari, M.; Yanagawa, M.; Tagawa, M.; Adachi, M.; Asada, M.; et al. Tafenoquine
Is a Promising Drug Candidate for the Treatment of Babesiosis. Antimicrob. Agents Chemother. 2021, 65, €0020421. [CrossRef]
[PubMed]

Vydyam, P; Pal, A.C.; Renard, I.; Chand, M.; Kumari, V.; Gennaro, J.C.; Mamoun, C.B. Tafenoquine-Atovaquone Combination
Achieves Radical Cure and Confers Sterile Immunity in Experimental Models of Human Babesiosis. |. Infect. Dis. 2024,
229,161-172. [CrossRef] [PubMed]

Vydyam, P.; Choi, ].-Y.; Gihaz, S.; Chand, M.; Gewirtz, M.; Thekkiniath, J.; Lonardi, S.; Gennaro, J.C.; Ben Mamoun, C. Babesia
BdFE1 Esterase Is Required for the Anti-Parasitic Activity of the ACE Inhibitor Fosinopril. J. Biol. Chem. 2023, 299, 105313.
[CrossRef]

Beri, D.; Singh, M.; Rodriguez, M.; Goyal, N.; Rasquinha, G.; Liu, Y; An, X.; Yazdanbakhsh, K.; Lobo, C.A. Global Metabolomic
Profiling of Host Red Blood Cells Infected with Babesia Divergens Reveals Novel Antiparasitic Target Pathways. Microbiol. Spectr.
2023, 11, e04688-22. [CrossRef]

Ballinger, A. Orlistat in the Treatment of Obesity. Expert Opin. Pharmacother. 2000, 1, 841-847. [CrossRef]

Filippatos, T.D.; Derdemezis, C.S.; Gazi, L.E; Nakou, E.S.; Mikhailidis, D.P; Elisaf, M.S. Orlistat-Associated Adverse Effects and
Drug Interactions: A Critical Review. Drug Saf. 2008, 31, 53—65. [CrossRef] [PubMed]

Bartlett, B.L.; Tyring, S.K.; Fife, K.; Gnann, ].W.; Hadala, ].T.; Kianifard, F.; Berber, E. Famciclovir Treatment Options for Patients
with Frequent Outbreaks of Recurrent Genital Herpes: The RELIEF Trial. J. Clin. Virol. 2008, 43, 190-195. [CrossRef] [PubMed]
COVID—You Can Get Better. Available online: https://cangetbetter.com/covid/ (accessed on 21 February 2024).

Cameron, D.J.; McWhinney, S.R. Consequences of Contracting COVID-19 or Taking the COVID-19 Vaccine for Individuals with a
History of Lyme Disease. Antibiotics 2023, 12, 493. [CrossRef] [PubMed]

Peluso, M.J.; Anglin, K.; Durstenfeld, M.S.; Martin, ].N.; Kelly, ].D.; Hsue, PY.; Henrich, T.].; Deeks, S.G. Effect of Oral Nirmatrelvir
on Long COVID Symptoms: 4 Cases and Rationale for Systematic Studies. Pathog. Immun. 2022, 7, 95-103. [CrossRef] [PubMed]
Visvabharathy, L.; Orban, Z.S.; Koralnik, 1.J. Case Report: Treatment of Long COVID with a SARS-CoV-2 Antiviral and IL-6
Blockade in a Patient with Rheumatoid Arthritis and SARS-CoV-2 Antigen Persistence. Front. Med. 2022, 9, 1003103. [CrossRef]
Xie, Y.; Choi, T.; Al-Aly, Z. Association of Treatment With Nirmatrelvir and the Risk of Post-COVID-19 Condition. JAMA Intern.
Med. 2023, 183, 554-564. [CrossRef] [PubMed]

Suran, M. Studies Investigate Whether Antivirals Like Paxlovid May Prevent Long COVID. JAMA 2024, 331, 98-100. [CrossRef]
[PubMed]

Giustarini, D.; Santucci, A.; Bartolini, D.; Galli, F; Rossi, R. The Age-Dependent Decline of the Extracellular Thiol-Disulfide
Balance and Its Role in SARS-CoV-2 Infection. Redox Biol. 2021, 41, 101902. [CrossRef]

Kumar, P.; Osahon, O.; Vides, D.B.; Hanania, N.; Minard, C.G.; Sekhar, R.V. Severe Glutathione Deficiency, Oxidative Stress and
Oxidant Damage in Adults Hospitalized with COVID-19: Implications for GlyNAC (Glycine and N-Acetylcysteine) Supplemen-
tation. Antioxidants 2022, 11, 50. [CrossRef]

Glassman, I.; Le, N.; Mirhosseini, M.; Alcantara, C.; Asif, A.; Goulding, A.; Muneer, S.; Singh, M.; Robison, J.; Guilford, F; et al.
The Role of Glutathione in Prevention of COVID-19 Immunothrombosis: A Review. Front. Biosci. (Landmark Ed.) 2023, 28, 59.
[CrossRef] [PubMed]

Kanwar, B.; Khattak, A.; Kast, R.E. Dapsone Lowers Neutrophil to Lymphocyte Ratio and Mortality in COVID-19 Patients
Admitted to the ICU. Int. . Mol. Sci. 2022, 23, 15563. [CrossRef]

Kanwar, B.A.; Khattak, A.; Balentine, J.; Lee, ].H.; Kast, R.E. Benefits of Using Dapsone in Patients Hospitalized with COVID-19.
Vaccines 2022, 10, 195. [CrossRef] [PubMed]

Kettle, A.J.; Winterbourn, C.C. Mechanism of Inhibition of Myeloperoxidase by Anti-Inflammatory Drugs. Biochem. Pharmacol.
1991, 41, 1485-1492. [CrossRef] [PubMed]


https://doi.org/10.1111/ene.14786
https://www.ncbi.nlm.nih.gov/pubmed/33619867
https://doi.org/10.1016/B978-0-12-821751-1.00014-2
https://www.ncbi.nlm.nih.gov/pubmed/36813324
https://doi.org/10.3201/eid1306.061337
https://www.ncbi.nlm.nih.gov/pubmed/17553243
https://www.hhs.gov/ash/advisory-committees/tickbornedisease/reports/other-tbds-2018-5-9/index.html
https://www.hhs.gov/ash/advisory-committees/tickbornedisease/reports/other-tbds-2018-5-9/index.html
https://doi.org/10.1093/ofid/ofad391
https://www.ncbi.nlm.nih.gov/pubmed/37539067
https://doi.org/10.1016/j.parint.2014.12.006
https://www.ncbi.nlm.nih.gov/pubmed/25523292
https://doi.org/10.1093/cid/ciac473
https://www.ncbi.nlm.nih.gov/pubmed/35684960
https://doi.org/10.1128/AAC.00204-21
https://www.ncbi.nlm.nih.gov/pubmed/33941516
https://doi.org/10.1093/infdis/jiad315
https://www.ncbi.nlm.nih.gov/pubmed/38169301
https://doi.org/10.1016/j.jbc.2023.105313
https://doi.org/10.1128/spectrum.04688-22
https://doi.org/10.1517/14656566.1.4.841
https://doi.org/10.2165/00002018-200831010-00005
https://www.ncbi.nlm.nih.gov/pubmed/18095746
https://doi.org/10.1016/j.jcv.2008.06.004
https://www.ncbi.nlm.nih.gov/pubmed/18621575
https://cangetbetter.com/covid/
https://doi.org/10.3390/antibiotics12030493
https://www.ncbi.nlm.nih.gov/pubmed/36978360
https://doi.org/10.20411/pai.v7i1.518
https://www.ncbi.nlm.nih.gov/pubmed/35800257
https://doi.org/10.3389/fmed.2022.1003103
https://doi.org/10.1001/jamainternmed.2023.0743
https://www.ncbi.nlm.nih.gov/pubmed/36951829
https://doi.org/10.1001/jama.2023.24103
https://www.ncbi.nlm.nih.gov/pubmed/38090997
https://doi.org/10.1016/j.redox.2021.101902
https://doi.org/10.3390/antiox11010050
https://doi.org/10.31083/j.fbl2803059
https://www.ncbi.nlm.nih.gov/pubmed/37005767
https://doi.org/10.3390/ijms232415563
https://doi.org/10.3390/vaccines10020195
https://www.ncbi.nlm.nih.gov/pubmed/35214654
https://doi.org/10.1016/0006-2952(91)90565-m
https://www.ncbi.nlm.nih.gov/pubmed/1850278

Microorganisms 2024, 12, 909 55 of 56

212.

213.

214.

215.

216.
217.

218.

219.

220.

221.

222.

223.

224.
225.

226.
227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.
240.

241.

Lee, J.; An, HK,; Sohn, M.-G.; Kivela, P; Oh, S. 4,4’-Diaminodiphenyl Sulfone (DDS) as an Inflammasome Competitor. Int. J. Mol.
Sci. 2020, 21, 5953. [CrossRef] [PubMed]

Feng, J.; Zhang, S.; Shi, W.; Zhang, Y. Activity of Sulfa Drugs and Their Combinations against Stationary Phase B. Burgdorferi In
Vitro. Antibiotics 2017, 6, 10. [CrossRef] [PubMed]

Alruwaili, Y.; Jacobs, M.B.; Hasenkampf, N.R.; Tardo, A.C.; McDaniel, C.E.; Embers, M.E. Superior Efficacy of Combination
Antibiotic Therapy versus Monotherapy in a Mouse Model of Lyme Disease. Front. Microbiol. 2023, 14, 1293300. [CrossRef]
[PubMed]

Diaz-Ruiz, A.; Nader-Kawachi, J.; Calderén-Estrella, F.; Bermudez, A.M.; Alvarez-Mejia, L.; Rios, C. Dapsone, More than an
Effective Neuro and Cytoprotective Drug. Curr. Neuropharmacol. 2022, 20, 194-210. [CrossRef] [PubMed]

Kurien, G.; Jamil, R.T.; Preuss, C.V. Dapsone. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2023.

Steere, A.C.; Dwyer, E.; Winchester, R. Association of Chronic Lyme Arthritis with HLA-DR4 and HLA-DR2 Alleles. NEJM 1990,
323,219-223. Available online: https:/ /www.nejm.org/doi/full/10.1056 /NEJM199007263230402 (accessed on 27 February 2024).
Pahwa, R.; Goyal, A.; Jialal, I. Chronic Inflammation. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2024.
Sloupenska, K.; Koubkova, B.; Horak, P.; Dolezilkova, J.; Hutyrova, B.; Racansky, M.; Miklusova, M.; Mares, J.; Raska, M.; Krupka,
M. Antigenicity and Immunogenicity of Different Morphological Forms of Borrelia Burgdorferi Sensu Lato Spirochetes. Sci. Rep.
2024, 14, 4014. [CrossRef] [PubMed]

Di Domenico, E.G.; Cavallo, I; Bordignon, V.; D’Agosto, G.; Pontone, M.; Trento, E.; Gallo, M.T.; Prignano, G.; Pimpinelli, E;
Toma, L.; et al. The Emerging Role of Microbial Biofilm in Lyme Neuroborreliosis. Front. Neurol. 2018, 9, 1048. [CrossRef]
Srivastava, S.Y.; de Silva, A.M. Characterization of Borrelia Burgdorferi Aggregates. Vector Borne Zoonotic Dis. 2009, 9, 323-329.
[CrossRef] [PubMed]

Dunham-Ems, S.M.; Caimano, M.].; Pal, U.; Wolgemuth, C.W.; Eggers, C.H.; Balic, A.; Radolf, ].D. Live Imaging Reveals a
Biphasic Mode of Dissemination of Borrelia Burgdorferi within Ticks. J. Clin. Invest. 2009, 119, 3652-3665. [CrossRef] [PubMed]
Uruén, C.; Chopo-Escuin, G.; Tommassen, J.; Mainar-Jaime, R.C.; Arenas, J. Biofilms as Promoters of Bacterial Antibiotic Resistance
and Tolerance. Antibiotics 2020, 10, 3. [CrossRef] [PubMed]

Adkison, H.; Embers, M.E. Lyme Disease and the Pursuit of a Clinical Cure. Front. Med. 2023, 10, 1183344. [CrossRef] [PubMed]
Meyer, K.J.; Taylor, H.B.; Seidel, ].; Gates, M.E,; Lewis, K. Pulse Dosing of Antibiotic Enhances Killing of a Staphylococcus Aureus
Biofilm. Front. Microbiol. 2020, 11, 596227. [CrossRef] [PubMed]

Hall-Stoodley, L.; Stoodley, P. Evolving Concepts in Biofilm Infections. Cell. Microbiol. 2009, 11, 1034-1043. [CrossRef]

Singh, G.; Orman, M.A.; Conrad, J.C.; Nikolaou, M. Systematic Design of Pulse Dosing to Eradicate Persister Bacteria. PLoS
Comput. Biol. 2023, 19, €1010243. [CrossRef] [PubMed]

Rudenko, N.; Golovchenko, M.; Kybicova, K.; Vancova, M. Metamorphoses of Lyme Disease Spirochetes: Phenomenon of Borrelia
Persisters. Parasites Vectors 2019, 12, 237. [CrossRef] [PubMed]

Okaro, U.; Addisu, A.; Casanas, B.; Anderson, B. Bartonella Species, an Emerging Cause of Blood-Culture-Negative Endocarditis.
Clin. Microbiol. Rev. 2017, 30, 709-746. [CrossRef] [PubMed]

Feng, J.; Zhang, S.; Shi, W.; Zhang, Y. Ceftriaxone Pulse Dosing Fails to Eradicate Biofilm-Like Microcolony B. burgdorferi Persisters
Which Are Sterilized by Daptomycin/ Doxycycline/Cefuroxime without Pulse Dosing. Front. Microbiol. 2016, 7, 1744. [CrossRef]
Sreevatsa; Girdhar, B.K.; Desikan, K.V. Persister M. leprae after Introductory Rifampicin Followed by Dapsone Therapy. Lepr. India
1981, 53, 350-353. [PubMed]

Li, HY;; Ran, S.P; Weng, X.M.; Li, T.G.; Deng, X.H.; Li, ET. Relapses in Leprosy Patients Treated with Rifampicin plus Dapsone
after Varying Periods of Dapsone Monotherapy. Indian J. Lepr. 2001, 73, 1-10. [PubMed]

Bernatova, S.; Samek, O.; Pilat, Z.; éer}?, M.; Jezek, J.; Jakl, P; Siler, M.; Krzyzanek, V.; Zemanek, P.; Hola, V,; et al. Following the
Mechanisms of Bacteriostatic versus Bactericidal Action Using Raman Spectroscopy. Molecules 2013, 18, 13188-13199. [CrossRef]
[PubMed]

Rebman, A.W.; Aucott, ].N. Post-Treatment Lyme Disease as a Model for Persistent Symptoms in Lyme Disease. Front. Med. 2020,
7,57. [CrossRef] [PubMed]

Stinco, G.; Bergamo, S. Impact of Co-Infections in Lyme Disease. Open Dermatol. ]. 2016, 10, 55-61. [CrossRef]

Xi, D.; Thoma, A.; Rajput-Ray, M.; Madigan, A.; Avramovic, G.; Garg, K.; Gilbert, L.; Lambert, ].S. A Longitudinal Study of
a Large Clinical Cohort of Patients with Lyme Disease and Tick-Borne Co-Infections Treated with Combination Antibiotics.
Microorganisms 2023, 11, 2152. [CrossRef] [PubMed]

Reis, C.; Cote, M.; Le Rhun, D.; Lecuelle, B.; Levin, M.L.; Vayssier-Taussat, M.; Bonnet, S.I. Vector Competence of the Tick Ixodes
Ricinus for Transmission of Bartonella Birtlesii. PLoS Negl. Trop. Dis. 2011, 5, €1186. [CrossRef] [PubMed]

Maxwell, S.P.; Brooks, C.; McNeely, C.L.; Thomas, K.C. Neurological Pain, Psychological Symptoms, and Diagnostic Struggles
among Patients with Tick-Borne Diseases. Healthcare 2022, 10, 1178. [CrossRef] [PubMed]

Bransfield, R.C. Suicide and Lyme and Associated Diseases. NDT 2017, 13, 1575-1587. [CrossRef]

Fallon, B.A.; Madsen, T.; Erlangsen, A.; Benros, M.E. Lyme Borreliosis and Associations with Mental Disorders and Suicidal
Behavior: A Nationwide Danish Cohort Study. Am. J. Psychiatry 2021, 178, 921-931. [CrossRef]

Breitschwerdt, E.B.; Greenberg, R.; Maggi, R.G.; Mozayeni, B.R.; Lewis, A.; Bradley, ].M. Bartonella Henselae Bloodstream
Infection in a Boy with Pediatric Acute-Onset Neuropsychiatric Syndrome. J. Cent. Nerv. Syst. Dis. 2019, 11, 1179573519832014.
[CrossRef] [PubMed]


https://doi.org/10.3390/ijms21175953
https://www.ncbi.nlm.nih.gov/pubmed/32824985
https://doi.org/10.3390/antibiotics6010010
https://www.ncbi.nlm.nih.gov/pubmed/28327498
https://doi.org/10.3389/fmicb.2023.1293300
https://www.ncbi.nlm.nih.gov/pubmed/38075920
https://doi.org/10.2174/1570159X19666210617143108
https://www.ncbi.nlm.nih.gov/pubmed/34139984
https://www.nejm.org/doi/full/10.1056/NEJM199007263230402
https://doi.org/10.1038/s41598-024-54505-y
https://www.ncbi.nlm.nih.gov/pubmed/38369537
https://doi.org/10.3389/fneur.2018.01048
https://doi.org/10.1089/vbz.2008.0148
https://www.ncbi.nlm.nih.gov/pubmed/19499997
https://doi.org/10.1172/JCI39401
https://www.ncbi.nlm.nih.gov/pubmed/19920352
https://doi.org/10.3390/antibiotics10010003
https://www.ncbi.nlm.nih.gov/pubmed/33374551
https://doi.org/10.3389/fmed.2023.1183344
https://www.ncbi.nlm.nih.gov/pubmed/37293310
https://doi.org/10.3389/fmicb.2020.596227
https://www.ncbi.nlm.nih.gov/pubmed/33240251
https://doi.org/10.1111/j.1462-5822.2009.01323.x
https://doi.org/10.1371/journal.pcbi.1010243
https://www.ncbi.nlm.nih.gov/pubmed/36649322
https://doi.org/10.1186/s13071-019-3495-7
https://www.ncbi.nlm.nih.gov/pubmed/31097026
https://doi.org/10.1128/CMR.00013-17
https://www.ncbi.nlm.nih.gov/pubmed/28490579
https://doi.org/10.3389/fmicb.2016.01744
https://www.ncbi.nlm.nih.gov/pubmed/7278139
https://www.ncbi.nlm.nih.gov/pubmed/11326592
https://doi.org/10.3390/molecules181113188
https://www.ncbi.nlm.nih.gov/pubmed/24284484
https://doi.org/10.3389/fmed.2020.00057
https://www.ncbi.nlm.nih.gov/pubmed/32161761
https://doi.org/10.2174/1874372201610010055
https://doi.org/10.3390/microorganisms11092152
https://www.ncbi.nlm.nih.gov/pubmed/37763996
https://doi.org/10.1371/journal.pntd.0001186
https://www.ncbi.nlm.nih.gov/pubmed/21655306
https://doi.org/10.3390/healthcare10071178
https://www.ncbi.nlm.nih.gov/pubmed/35885705
https://doi.org/10.2147/NDT.S136137
https://doi.org/10.1176/appi.ajp.2021.20091347
https://doi.org/10.1177/1179573519832014
https://www.ncbi.nlm.nih.gov/pubmed/30911227

Microorganisms 2024, 12, 909 56 of 56

242.

243.

244.

245.

246.

247.
248.

249.

250.

251.

252.

Xiong, J.; Lipsitz, O.; Nasri, F; Lui, LM.W,; Gill, H.; Phan, L.; Chen-Li, D.; Iacobucci, M.; Ho, R.; Majeed, A.; et al. Impact of
COVID-19 Pandemic on Mental Health in the General Population: A Systematic Review. J. Affect. Disord. 2020, 277, 55-64.
[CrossRef] [PubMed]

Chitre, S.D.; Crews, C.M.; Tessema, M.T.; Pléstyté-Batiené, I.; Coffee, M.; Richardson, E.T. The Impact of Anthropogenic Climate
Change on Pediatric Viral Diseases. Pediatr. Res. 2024, 95, 496-507. [CrossRef] [PubMed]

Mojahed, N.; Mohammadkhani, M.A.; Mohamadkhani, A. Climate Crises and Developing Vector-Borne Diseases: A Narrative
Review. Iran. ]. Public Health 2022, 51, 2664-2673. [CrossRef] [PubMed]

Chen, K.-T. Emerging Infectious Diseases and One Health: Implication for Public Health. Int. J. Env. Res. Public Health 2022, 19,
9081. [CrossRef]

Breitschwerdt, E.B. Bartonellosis: One Health Perspectives for an Emerging Infectious Disease. ILAR |. 2014, 55, 46-58. [CrossRef]
[PubMed]

Breitschwerdt, E.B. Bartonellosis, One Health and All Creatures Great and Small. Vet. Dermatol. 2017, 28, 96-e21. [CrossRef]
Shafquat, M.; Angulo, EJ.; Pilz, A.; Moisi, ].C.; Stark, ].H. The Incidence of Lyme Borreliosis among Children. Pediatr. Infect. Dis. |.
2023, 42, 867-874. [CrossRef]

Fallon, B.A.; Petkova, E.; Keilp, J.G.; Britton, C.B. A Reappraisal of the U.S. Clinical Trials of Post-Treatment Lyme Disease
Syndrome. Open Neurol. J. 2012, 6, 79-87. [CrossRef]

Parums, D.V. Editorial: Climate Change and the Spread of Vector-Borne Diseases, Including Dengue, Malaria, Lyme Disease, and
West Nile Virus Infection. Med. Sci. Monit. 2024, 29, €943546. [CrossRef]

Office of the Assistant Secretary for Health. Access to Care and Education Subcommittee Report to the Tick-Borne Working
Group. Available online: https:/ /www.hhs.gov/ash/advisory-committees/tickbornedisease/ reports /access-to-care-education-
2022 /index.html (accessed on 25 February 2024).

Abbasi, K.; Ali, P; Barbour, V.; Benfield, T.; Bibbins-Domingo, K.; Hancocks, S.; Horton, R.; Laybourn-Langton, L.; Mash, R.;
Sahni, P; et al. Time to Treat the Climate and Nature Crisis as One Indivisible Global Health Emergency. JAMA Netw. Open 2023,
6, €2344081. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jad.2020.08.001
https://www.ncbi.nlm.nih.gov/pubmed/32799105
https://doi.org/10.1038/s41390-023-02929-z
https://www.ncbi.nlm.nih.gov/pubmed/38057578
https://doi.org/10.18502/ijph.v51i12.11457
https://www.ncbi.nlm.nih.gov/pubmed/36742229
https://doi.org/10.3390/ijerph19159081
https://doi.org/10.1093/ilar/ilu015
https://www.ncbi.nlm.nih.gov/pubmed/24936029
https://doi.org/10.1111/vde.12413
https://doi.org/10.1097/INF.0000000000004040
https://doi.org/10.2174/1874205X01206010079
https://doi.org/10.12659/MSM.943546
https://www.hhs.gov/ash/advisory-committees/tickbornedisease/reports/access-to-care-education-2022/index.html
https://www.hhs.gov/ash/advisory-committees/tickbornedisease/reports/access-to-care-education-2022/index.html
https://doi.org/10.1001/jamanetworkopen.2023.44081

	Introduction 
	Case Presentations 
	Case 1 
	Case 2 
	Case 3 

	Minimizing Potential Side Effects of Dapsone Combination Therapy/Prescribing Information 
	Discussion 
	Conclusions 
	References

