1950

The NEW ENGLAND JOURNAL of MEDICINE

EDITORIALS

Reinfection versus Relapse in Lyme Disease
Allen C. Steere, M.D.

Lyme disease, which is caused by the tickborne
spirochete Borrelia burgdorferi, is increasing in fre-
quency; it is spreading to new geographic loca-
tions, and it is a particular problem in the north-
eastern United States.® Before the discovery of the
causative agent, it was learned that natural infec-
tion, without antibiotic treatment, often occurred
in stages.? The infection usually began with an
expanding skin lesion called erythema migrans,
sometimes followed weeks later by neurologic or
cardiac involvement, and often followed months
later by arthritis. Attacks of arthritis commonly
recurred over a period of several years, and oc-
casionally, erythema migrans reappeared faintly
before episodes of arthritis. Thus, in untreated
patients, relapse of the original infection was
the rule.

Today, all manifestations of Lyme disease are
usually treated successfully with oral or intrave-
nous antibiotic therapy for 2 to 4 weeks, depend-
ing on the manifestation, as recommended by
the Infectious Diseases Society of America.3
However, a small percentage of patients who pre-
viously had erythema migrans that was treated
with antibiotics still have recurrent erythema
migrans at new body sites during subsequent
Lyme disease transmission seasons; this clinical
and epidemiologic pattern suggests reinfection.*
In contrast, in patients who previously had Lyme
arthritis, which is a late disease manifestation,
erythema migrans seems to recur rarely, if at all.
Thus, the expanded immune response of late dis-
ease appears to be protective against reinfec-
tion, at least in most patients, whereas the imma-
ture immune response of early disease does not.

In this issue of the Journal, Nadelman et al.5
describe the use of three molecular typing sys-
tems to subtype the strains of B. burgdorferi caus-

ing infection in patients with more than one
episode of erythema migrans. Of 22 paired iso-
lates obtained from 17 patients, the second iso-
late always had a different subtype than the first.
This observation adds further weight to previous
clinical observations that recurrent erythema
migrans after antibiotic treatment is caused by
reinfection rather than relapse of the original
infection.

Furthermore, in another study in the United
States, B. burgdorferi was cultured from skin-
biopsy specimens of erythema migrans lesions
before antibiotic therapy, and a second biopsy
was performed after treatment. All post-treatment
cultures yielded negative results®; these findings
provide further support for the adequacy of rec-
ommended treatment regimens.>

It has still been questioned whether patients
have persistent infection after erythema mi-
grans because subjective symptoms — primarily
pain, neurocognitive symptoms, or fatigue —
may persist or begin after the resolution of the
skin lesion with antibiotic therapy. Although the
frequency of such symptoms decreases with
time, perhaps 10% of patients (though the re-
ported percentages have been quite variable) have
symptoms for at least 6 months after treatment.”
However, these symptoms do not appear to re-
spond to further antibiotic therapy. In the larg-
est study of antibiotics for post-Lyme disease
symptoms, 129 patients who had persistent sub-
jective symptoms after standard courses of anti-
biotic therapy for Lyme disease were randomly
assigned to receive intravenous ceftriaxone for
30 days followed by 60 days of oral doxycycline
or intravenous and oral placebo for the same
durations.® A total of 180 days after starting the
study drug, the numbers of patients with a con-
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dition that worsened, stayed the same, or im-
proved were similar in both study-drug groups,
suggesting that such symptoms did not result
from persistent infection.

An analogous situation may occur with Lyme
arthritis. Although most patients with Lyme ar-
thritis have a response to recommended anti-
biotic therapies,? a small percentage of patients
have persistent synovitis for months or several
years after receiving oral and intravenous anti-
biotic therapy for 2 or 3 months; this condition
is called antibiotic-refractory arthritis. Rather
than persistent infection, infection-induced auto-
immunity,® retained spirochetal antigens,'® or
both may play a role in this outcome.

The issue of relapse versus reinfection has a
broader context because of patient-advocacy
groups that promote months or years of antibi-
otic therapy for “chronic Lyme disease.”* More-
over, chronic Lyme disease has become a com-
mon diagnosis for medically unexplained pain or
neurocognitive or fatigue symptoms, even when
there is little or no evidence of previous B. burg-
dorferi infection. Even so, these patients are said
to have persistent infection, which can be sup-
pressed only with months or years of antibiotic
therapy, and the therapy must be restarted when
symptoms recur. As concluded by the Infectious
Diseases Society of America, there is no evidence
of persistent B. burgdorferi infection in human pa-
tients after recommended courses of antibiotic
therapy.3 Although B. burgdorferi infection may
persist for years in untreated patients, the weight

of evidence is strongly against persistent infec-
tion as the explanation for persistent symptoms
in antibiotic-treated patients with Lyme disease.

Disclosure forms provided by the author are available with the
full text of this article at NEJM.org.

From Massachusetts General Hospital, Harvard Medical School,
Boston.

1. Surveillance for Lyme disease — United States, 1992-2006.
MMWR Surveill Summ 2008;57(10):1-9.

2. Steere AC. Lyme disease. N Engl J] Med 1989;321:586-96.

3. Wormser GP, Dattwyler RJ, Shapiro ED, et al. The clinical
assessment, treatment, and prevention of Lyme disease, human
granulocytic anaplasmosis, and babesiosis: clinical practice guide-
lines by the Infectious Diseases Society of America. Clin Infect
Dis 2006;43:1089-134. [Erratum, Clin Infect Dis 2007;45:941.]
4. Nadelman RB, Wormser GP. Reinfection in patients with
Lyme disease. Clin Infect Dis 2007;45:1032-8.

5. Nadelman RB, Hanincovd K, Mukherjee P, et al. Differentia-
tion of reinfection from relapse in recurrent Lyme disease. N Engl
J Med 2012;367:1883-90.

6. Nadelman RB, Nowakowski J, Forseter G, et al. Failure to
isolate Borrelia burgdorferi after antibiotic therapy in culture-docu-
mented Lyme borreliosis associated with erythema migrans:
report of a prospective study. Am J Med 1993;94:583-8.

7. Wormser GP, Ramanathan R, Nowakowski J, et al. Duration
of antibiotic therapy for early Lyme disease: a randomized, double-
blind, placebo-controlled trial. Ann Intern Med 2003;138:697-704.
8. Klempner MS, Hu LT, Evans J, et al. Two controlled trials of
antibiotic treatment in patients with persistent symptoms and a
history of Lyme disease. N Engl ] Med 2001;345:85-92.

9. Drouin EE, Seward RJ, Strle K, et al. A novel human auto-
antigen, endothelial cell growth factor, is a target of T and B cell
responses in patients with Lyme disease. Arthritis Rheum 2012
October 8 (Epub ahead of print).

10. Bockenstedt LK, Gonzales DG, Haberman AM, Belperron AA.
Spirochete antigens persist near cartilage after murine Lyme
borreliosis therapy. J Clin Invest 2012;122:2652-60.

11. Feder HM Jr, Johnson BJ, O’Connell S, et al. A critical ap-
praisal of “chronic Lyme disease.” N Engl ] Med 2007;357:1422-30.

DOI: 10.1056/NEJMel211361
Copyright © 2012 Massachusetts Medical Society.

Diagnostic Exome Sequencing — Are We There Yet?
Heather C. Mefford, M.D., Ph.D.

Advances in technology are rapidly changing the
field of medical genetics in both the research
laboratory and the clinic. With the use of next-
generation, or massively parallel, DNA sequenc-
ing, it is possible to determine the sequence of
essentially all genes in an individual’s genome
— referred to as the exome — within a matter
of days.

This technology became widely available in
2005, and the first proof-of-principle experiment
showing the power of exome sequencing for the
discovery of genes associated with disease was
published a few years later.* Since then, exome

analysis has been used in the research setting
to identify the genetic cause of dozens of disor-
ders, including intellectual disability.>#

A couple of years ago, Veltman and colleagues
used exome sequencing to test the hypothesis
that sporadic intellectual disability is caused by
de novo mutations (genetic changes that are
present in affected persons but not in their par-
ents).2 Now de Ligt, Veltman, and colleagues®
report in the Journal results obtained with a
similar approach in a diagnostic setting to iden-
tify genetic causes of severe intellectual disabil-
ity in 100 patients.
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