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Abstract

Despite leadership by dedicated lay organization and patient-based advocacy
groups, the way forward for prospective candidates for disulfiram treatment
has been difficult. This article provides the background, overview of disulfi-
ram, in particular its intended use in post-treatment Lyme disease syndrome
after a standard of care course of antibiotics fails to alleviate symptoms of tick
borne disease. A series of recommendations are offered to guide patients and
clinicians.
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1. Background and Overview

Borrelia (B.) burgdorferi sensu lato is the causative agent of Lyme disease
worldwide, while the genus, B. burgdorferi sensu stricto is the causal infectious
agent of the North American disease transmitted by the bite of hard-shelled
Ixodes scapularis ticks. Understanding the biology of B. burgdorferi notwith-
standing other vectors including B. duttonii, B. garinii, B. afzelii, and B. miya-
motoi [1] has been important in applied clinical research in devising prevention
and treatment strategies.

With or without known tick attachment, the common presenting clinical
findings of Lyme disease include erythema migrans (EM), fatigue, fever, chills,
muscle, and joint pain [2]. However they too may be absent or overlooked lead-
ing to a delay in serological diagnosis and effective treatment. In the absence of
effective antibiotic therapy, B. burgdorferi affects immunocompetent hosts,
heightening the immune response [3] with a propensity to establish long-lasting
infection in its natural (white footed mice) [4] [5] and incidental (humans) hosts
[6] [7]. In the nervous system experimental B. burgdorferi inoculation in rhesus

macaque primates induces inflammatory mediators in glial and neuronal cells
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that precipitate glial and neuronal apoptosis and an array of neurologic changes
recreating the clinical, serologic, and neuropathologic picture of human Lyme
disease [3].

The recurrence or emergence of systemic and nervous system symptoms after
a standard of care course of therapy may occur with an enduring positive or in-
determinate two-tier Lyme serology or other biomarkers in the cerebrospinal
fluid (CSF), and abnormal findings in neuroimaging, electrodiagnostic and au-
tonomic studies correlative with central, peripheral and autonomic nervous sys-
tem (CNS, PNS and ANS) symptoms and signs [8] [9] have led to reconsidera-
tion of post-treatment Lyme disease syndromes (PTLDS).

It is not well understood why some patients experience PTLDS, however the
varied presentation no doubt incorporates at least four etiopathogenic mechan-
isms, singly or in combination in affected cases including persistent but difficult
to detect infection [10], host-induced immunity targeting non-viable spirochetes
or their remnants [11], a triggered immune response that lasts well after the in-
fection similar to Group A beta hemolytic streptococcus (GABHS) infection in
rheumatic heart disease and pediatric autoimmune neuropsychiatric disorder
(PANDAS) [12] [13]; and as some might argue, causes unrelated to infection or
immunity [14].

The antibiotic treatment of patients with PTLDS has been stymied by negative
randomized placebo-controlled trials that fail to show significant, sustained ben-
efit of antibiotic retreatment [15] [16], yet this may be related in part to the anti-
biotic regimens used, the limitations of current antibody-based assays, polyme-
rase chain reaction (PCR), and culture techniques to determine successful era-

dication of B. burgdorferi.

2. Disulfiram for PTLDS

Among highly active compounds investigated in vitro with high-throughput
screening of four compound libraries (Library of Pharmacologically Active
Compounds, the National Institutes of Health Clinical Collection, the Micro-
source Spectrum, and the Biomol Food and Drug Administration [FDA]) to in-
hibit >90% of B. burgdorferi growth at a concentration of <25 uM [17], disulfi-
ram (Antabuse®) emerged in 2016 as a lead candidate based upon a favorable
minimum inhijbitory concentration and minimum bactericidal concentration
against B. burgdorferi in vitro. The narrow antibacterial spectrum of disulfi-
ram-based disulfides derived from disulfiram was later appreciated [18].
Disulfiram is an oral prescription drug for the treatment of alcohol abuse dis-
orders [19]. Upon absorption, disulfiram and its metabolites inhibit aldehyde
dehydrogenase enzymes that oxidize acetaldehyde from ethanol metabolism into
acetic acid. The inactivation of hepatic ALDH leads to buildup of toxic acetal-
dehyde in the body, which manifests “hangover” symptoms of headache and
nausea that deters alcohol consumption [20]. Disulfiram is readily cleaved by

thiol-bearing substances such as cysteine enzymes which result in the simulta-
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neous addition and release of diethyldithiocarbamate (DDC) which potentiates
the antibacterial activity of disulfiram as both a standalone and combination
bactericidal agent [21]. Diethyldithiocarbamate is a very strong chelator of tran-
sition divalent metal ions, mainly copper (II) (Cu), and the in vitro cytotoxicity
of disulfiram is Cu-dependent. When DDC contacts Cu, the chelating reaction
between them triggers the generation of reactive oxygen species (ROS) [22],
which damage DNA, protein and lipids leading to cell death. ROS are extremely
transient species with very short lifetime due to their high chemical reactivity and
can only penetrate very short distance in tissues [23]. Moreover, the reaction of
disulfiram and Cu must take place inside or adjacent to the target cells. In addition
to ROS generated from DDC and Cu reaction, bio (N, N-diethyldithiocarbamato)
copper (II) (Cu-DDC), the end product derived from DDC and Cu reaction, is al-
so cytotoxic [24] [25].

This year, 3 patients who participated in a uncontrolled open-label trial of 500
mg of disulfiram daily for symptoms of chronic relapsing neurological Lyme
disease and relapsing babesiosis were able to discontinue treatment and remain
clinically well for 6 to 23 months [26]. An initial study (ClinicalTrials.gov Iden-
tifier: NCT03891667) of the side effects, tolerability and initial signs of the effec-
tiveness of disulfiram in reducing symptoms among the 24 patients with PTLDS
is actively recruiting subjects. Two proposed parallel treatment schedules will be
compared. In the experimental arm of the study, one-half of subjects will get 8
weeks of two 250 mg of daily disulfiram with active comparison to another study
arm of a shorter duration of disulfiram for 4 weeks followed by 4 weeks of
matching placebo capsules. Primary and secondary outcome measures assessed
over a 10 week period are carried out with psychometrically validated forms, re-
spectively employing Fatigue Severity Scale (FSS) and Quality of Life Enjoyment
and Satisfaction Questionnaire-Short Form (Q-LES-Q-SF); and Short Form Health
Survey (SF-36), General Symptom Questionnaire (GSQ-30); and PROMIS-29
surveys. Commensurate with its possible drug toxicity, subjects with existing
seizure disorder, renal and liver disease, and peripheral neuropathy are excluded
from study participation. The starting dose of 500 mg daily is higher than the
recommended stating daily dose of 250 mg used by addiction psychiatrists to treat
alcohol addiction, and other physicians treating Lyme disease who administer a

starting dose of 62.5 mg and slowly increase to the target dose of 250 mg daily.

3. Side Effects and Contraindications

Concern for the development of peripheral neuropathy so noted anecdotally in
up to a third of patients with PTLDS treated with disulfiram had led to concern
regarding the initiation of treatment in those with pre-existing neuropathy and
the most appropriate manner of screening patients who may be prone to, or
have existing neuropathy. Caution dictates that prior to start of disulfiram ther-
apy, candidates with PTLDS be screened with a careful history, clinical neuro-

logical examination and three limb electrodiagnostic studies to delineated a large
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fiber polyneuropathy; and intraepidermal nerve fiber (IENF) analysis of a calf
and thigh via 3 mm punch skin biopsy site for density measures to disclose small
fiber sensory polyneuropathy. The latter examination correlates well with pain-
ful peripheral neuropathy [27]. Peripheral neuropathy may be due in part to the
DDC Cu complex leading some to consider monitoring of copper levels and us-
ing chelation. However, more likely it results from a combination of factors that
impact the dorsal root ganglion neuron and its peripheral processes that include
direct neurotoxicity of disulfiram or its metabolites, concomitant medications in
a given patient, and the underlying predisposition for neuropathy based upon a
post-infectious immune response associated with PTLDS and tick borne disease
coinfections. The existence of peripheral neuropathy is not an absolute exclusion
for disulfiram therapy if there is ongoing active treatment thereof such as intra-
venous immune globulin (IVIg) therapy which may have both prophylactic and
efficacy in emergent cases.

Neuropyshciatric disturbances notably depression and psychosis [27] may
potentially occur. Serum and CSF measures of DBH have reported usefulness in
predicting the increased risk of such side effects [28]. Patients with new onset or
exacerbation of neuropsychiatric disturbances should not be continued on disul-

firam.

4. Impact of Social Media

Over 9000 individuals have joined one of several Facebook groups (Disulfiram
for Lyme Support Group (Antabuse); Disulfiram/Antabuse for Lyme; Disulfi-
ram/Antabuse Lyme Success Stories; Disulfiram for Lyme Group; Our Journeys:
Disulfiram and Tick Borne Disease; Youth Disulfiram Lyme Support (Anta-
buse)) to exchange anecdotal information of their experience and questions re-
garding disulfiram in the treatment of Lyme disease. Forum members report an
excess of fatigue, body pain, nausea, headaches, painful peripheral neuropathy
and neuropsychiatric disturbances. However, these are uncontrolled observa-
tions and they may reflect a combination of dose-related and idiosyncratic drug
side effects, as well as exacerbation of PTLDS complaints and unrelated
pre-existing disturbances. Notwithstanding, the emergence of side effects has
escalated caution as to the correct approach to the start, continuation and dis-
continuation of therapy, and the necessary duration of treatment in appropriate
patients.

Despite leadership by dedicated lay organization and patient-based advocacy
groups, the way forward for prospective candidates for disulfiram treatment has
been difficult in the absence of leadership by accredited physician and university

program leadership.

5. Recommendations

It is possible to forward several recommendations based upon the current

knowledge base.
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1) Awaiting the results of clinical trials, individuals with PTLDS should con-
sider treatment with disulfiram as an adjunct to conventional antibiotics but not
a replacement.

2) Physician prescribed treatment with disulfiram should be carried out em-
ploying standard doses of 250 mg (or fractions thereof).

3) Safety monitoring should include blood studies for systemic complications,
and avoidance of contact with alcohol in toiletries, foods, beverages, medica-
tions, and other sources of inadvertent alcohol exposure.

4) A starting dose as low as 62.5 mg can be slowly increased to the target dose
depending upon tolerability and side effects.

5) Common side effects that may limit achievement of full doses include fati-
gue, body pain, nausea, headaches, peripheral neuropathy and neuropsychiatric
disturbances.

6) The duration of treatment should be carefully determined among all indi-
viduals in keeping with empiric therapy to avoid inadvertent toxicity or pro-
longed use of disulfiram.

7) Peripheral neuropathy is not an absolute exclusion for consideration of
disulfiram. Such cases should be carefully examined at baseline and monitored
in the course of therapy.

8) Cases of painful small fiber sensory polyneuropathy may be monitored with
IENF analysis in a punch skin biopsy of the calf and thigh.

9) IVIg may be initiated before disulfiram in existing cases of peripheral neu-
ropathy as an effective treatment, or in the course of therapy for those with
emergent neuropathy of either large or small fiber caliber, or exacerbation of ei-
ther pre-existing disease.

10) Emergency or exacerbation of neuropsychiatric disturbances should lead
to discontinuation of medication.

11) One or more registries should be created on social media with anonymous
participation to gather information on the use of disulfiram in PTLDS.

12) Physicians should also consider establishing a registry with anonymous
participation to follow emerging trends in the epidemiology of disulfiram in the
PTLDS population.
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