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I read with great interest the above noted article by Wormser et al.
but am concerned about the assumptions and factual accuracy of the ar-
ticle (Wormser et al.,, 2019).

In their quest to show the efficacy of a 14-day course of amoxicillin
in Lyme disease (LD) the authors' choice of using resolution of erythema
migrans (EM) as a primary endpoint and claiming that “erythema
migrans (EM) resolved in all patients” is a bit misleading. It is widely
known that in the majority of cases of LD the EM rash resolves sponta-
neously regardless of intervention. Also in this study 2 of 24 developed
another episode of EM which could have reflected ongoing illness and
should not necessarily be attributed to reinfection as might be assumed
(Leigner et al., 1993).

Concluding that a 14-day course of amoxicillin was “highly effective”
despite finding that 4 of 24 or 16.7% had post-treatment Lyme disease
symptoms (PTLDS) translates into 71,380 cases annually (i.e. 16.7% of
427,430 reported LD cases annually) (Lymedisease.org, n.d.). This is
not an insignificant number of affected individuals. In addition, the sub-
jective symptoms of PTLDS including headache, fatigue, brain fog and
peripheral neuropathies can be very disabling, and objective biologic
evidence supporting their existence is beginning to be demonstrated.
A recent study of Coughlin et al. using PET scans found evidence of ele-
vation of a chemical marker indicative of widespread brain inflamma-
tion in 12 individuals with documented PTLDS which was absent in 19
healthy controls (Coughlin et al., 2018). Therefore there appears to be
evidence of a physiological basis for the “brain fog” that many patients
describe. Another study by Novak et al. found that small fiber neuropa-
thy may be responsible for certain sensory symptoms and
dysautonomia seen in PTLDS. In addition, the abnormal cerebral blood
flow velocity found in the PTLDS individuals studied, may also contrib-
ute to the cognitive symptoms observed (Novak et al., 2019).

There are intrinsic limitations in the data presented that do not sup-
port the final conclusions. Making firm statements from the small sam-
ple size of 24 with a follow-up at 1 year of only 22/24 or 91.7% is easily
fraught with errors. Looking only for “objective evidence “of cardiac and,
neurologic difficulties developing in the first 3 months while doing a 12-
month assessment for the development of arthritis to determine pri-
mary clinical success is not explained. The medical literature documents
that the onset of cardiac or neurologic symptoms can occur months to
years after the initial infection.

Closer review of the findings indicate the actual rate of treatment
failure in this study is greater than the 16.7% with PTLDS. Only 22/24
were 100% compliant, 4 developed “PTLDS” with 2 more having had re-
current EM. Reanalysis reveals that 6/22 or 27% of the cohort failed
treatment. How does a 27% failure rate equate with “highly effective
treatment”?
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The authors state that the data presented in this study was taken
from 3 ongoing prospective studies. Prospective longer term studies
are strongly needed in the area of LD. In the interim, perhaps more cau-
tion is required as premature extrapolation of data can risk coming to
potentially incorrect conclusions.
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A 14-day course of amoxicillin is a highly effective ()

treatment for adult patients in the United States with it
erythema migrans*

We thank Dr. Greenberg for her interest in our study demonstrating
that a 14-day course of amoxicillin is highly effective for treating adult
patients in the United States with early Lyme disease manifested
by the skin lesion erythema migrans (Greenberg, n.d.; Wormser et al.,
n.d.). Contrary to the assertions of Dr. Greenberg (Greenberg, n.d.),
the primary endpoint was both the resolution of the erythema migrans
skin lesion and the absence of an objective neurologic, cardiac, or rheu-
matologic manifestation of Lyme disease (Wormser et al., n.d.). The nat-
ural history of untreated patients with erythema migrans is remarkably
different from that which we observed. In untreated patients, over 50%
will develop joint swelling from Lyme arthritis within 12 months, ap-
proximately 11% will develop an objective neurologic manifestation
within 3 months, and approximately 4% will develop objective evidence
of Lyme carditis within 3 months (Steere et al., 1980, 1987). None of
our patients developed any of these complications over the entire
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study period. In our study, the final assessment occurred at or after
9 months for all of the study subjects and at or after 12 months
for 91.7% of the subjects (Wormser et al., n.d.). Also, contrary to
Dr. Greenberg's assertions, in the United States, there is no evidence of
late-onset cardiac manifestations of Lyme disease. Although late-onset
neurologic manifestations of Lyme disease have been reported, these
conditions are highly controversial and are extremely rare, if they
occur at all in the United States (Wormser et al., 2006, 2017).

In our study, the first follow-up visit occurred at a mean of 14 days
after the baseline visit (range 5-31 days), allowing us to document for
all of our patients that the erythema migrans was either fully resolved
or had substantially improved by this time point. In contrast to
untreated patients (Steere et al., 1980), in our patients, there was no ex-
pansion of the skin lesion after the first 24 h of treatment, and none de-
veloped additional erythema migrans skin lesions prior to the next
Lyme disease season. Two of the 24 patients in our study had a second
episode of erythema migrans at a different skin site during the following
summer. As we have clearly demonstrated in a prior study (Nadelman
et al., 2012), such recurrences of erythema migrans occur as a result of
reinfections, not from relapses of the original infection. This was
established by genetic analyses of the isolates of Borrelia burgdorferi re-
covered on culture from each episode of erythema migrans, by which it
was demonstrated that subsequent episodes of erythema migrans are
caused by a different strain of B. burgdorferi (Nadelman et al., 2012).
The 2 patients with a recurrence of erythema migrans in our amoxicillin
treatment study similarly were infected with a strain of B. burgdorferi in
the subsequent episode that was genetically different from the strain
that caused the episode present at the time of study entry.

Although 4 of our patients (16.7%) had residual subjective symp-
toms following treatment, this figure is quite consistent with the results
of 8 other treatment trials in the United States, irrespective of the anti-
biotic regimen prescribed, in which the frequency of such symptoms
has ranged from 0% to 40.8% (median 11.5%) (Cerar et al,, 2010). It is im-
portant to recognize that there is a distinction between posttreatment
Lyme disease symptoms and the condition referred to as posttreatment
Lyme disease syndrome since only the latter is characterized by func-
tional disability (Wormser et al., 2006). Although the frequency
of post-Lyme disease syndrome has usually not been reported in treat-
ment trials of patients with erythema migrans, evidence from the 4 re-
ported National Institutes of Health-sponsored antibiotic retreatment
trials of Lyme disease patients with posttreatment functional disability
suggests that this condition is actually very uncommon, as all of the tri-
als experienced difficulties in recruiting a sufficient number of eligible
study subjects (Klempner et al., 2013). Of the 5457 individuals screened
for these trials, only 221 (4.0%) were randomized over recruitment pe-
riods of 2.6 to 4.3 years (Klempner et al., 2013). Of note, at least 40% of
the potential study subjects were excluded due to lack of evidence of
previous Lyme disease (Klempner et al., 2013).

In our study, none of the subjects had any objective evidence of treat-
ment failure, the vast majority were 100% compliant with taking the 3
times per day dosing of amoxicillin, and all of the patients were closely
and systematically followed for an appropriate duration of time to assess
outcome (Wormser et al., n.d.). Similar to the findings of several studies
conducted in Europe (Arnez and Ruzic-Sabljic, 2015; Eliassen et al.,
2017, 2018; Nizic et al,, 2012), the data from our study demonstrate
that a 14-day course of amoxicillin is highly effective treatment for pa-
tients with erythema migrans in the United States (Wormser et al,, n.d.).
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