CASe STUDY
a case revealing the natural history of untreated
lyme disease
Robert T. Schoen
Background. A 71-year-old woman presented to a rheumatologist with what she believed to be a 2-year history
of Lyme disease, progressing from erythema migrans to Lyme arthritis.
Investigations. History, physical examination and serologic testing confirmed the diagnosis of Lyme disease.
Diagnosis. Lyme disease.
management. The patient refused antibiotic therapy during the first 2 years of her illness. During the next
2 years, she consulted a rheumatologist, but declined antibiotic therapy. She continued to have recurrent
episodes of arthritis, following which she was successfully treated with doxycycline, given initially for
2 weeks, with a second, 4-week cycle administered 2 months later. This case illustrates the natural history
of untreated Lyme disease, which is rarely observed in most patients since diagnosis almost always leads
to successful antibiotic treatment. Furthermore, this case also demonstrates that infection with Borrelia
burgdorferi can persist for years in untreated patients; however, antibiotic therapy is still likely to be effective,
despite long-term infection.
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The case

a 71-year-old woman from northeast usa presented
to a rheumatologist with a 4-month history of swelling of her left knee (see Figure 1 for timeline). two
years before presentation, the patient noted what she
described as a “deer tick” bite on her right arm. she subsequently developed an expanding erythematous rash at
the bite site without any other symptoms. she suspected
early-stage lyme disease and consulted her homeopath,
who treated her with homeopathic remedies, but not
with antibiotics. the rash resolved after about 2 weeks,
but 2 months later she developed a mild headache and
stiff neck.
the following year, she had a brief episode of left
ankle pain and swelling, followed 6 months later by
right elbow pain and 3 weeks of right shoulder pain.
the patient consulted the homeopathic doctor again and
was prescribed further homeopathic treatments.
Five months before presentation to the rheumatologist, she developed pain in the left knee on flexion,
followed by marked swelling of the left knee over the
next 2 months. the patient returned to the homeopath, who tested her for lyme disease (enzyme-linked
immunosorbant assay [elisa] = 8.95 [normal range is
<0.9]; western blot: negative for igm, positive for igG).
the homeopath diagnosed lyme arthritis and recommended a course of doxycycline for 28 days, but the
patient declined the antibiotic.
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she made an appointment to see a rheumatologist
(Figure 1; first presentation), but while waiting for
the visit, she consulted an acupuncturist for treatment. During this period, the swelling in her left knee
improved. when seen by the rheumatologist, she
appeared well, except for a mildly tender left-knee
effusion. the rheumatologist confirmed the diagnosis
of lyme arthritis and prescribed amoxicillin (500 mg,
three times daily for 28 days) to hasten the resolution
of the current episode of arthritis and to prevent subsequent flare-ups. the patient initially agreed to take
this treatment and to return at the completion of antibiotic therapy. when seen a month later, however, she
had not taken any of the prescribed antibiotic therapy.
nevertheless, the arthritis of the left knee had resolved
and she had no other joint abnormalities.
the patient had no further arthritis until approximately
2 years after the initial presentation to the rheumatologist, when she developed left-knee swelling that persisted for 2 days, and recurred for another 2-day episode
after a 4-month interval. she again sought acupuncture
therapy after the second episode of left-knee swelling,
which initially improved, but then returned and persisted
for a month. subsequently, the left-knee swelling became
worse and she also developed a pain in the right knee.
she returned to the homeopath, who recommended a
course of doxycycline therapy (100 mg, twice daily for
14 days), which she agreed to adhere to. no immediate improvement was observed in her arthritis, however,
so she decided on her own to discontinue the antibiotic
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taken amoxicillin
■ Symptoms improved

Left-ankle pain
and swelling
■ Mild headache
■ Stiff neck

Left-knee pain
and swelling

Swelling recurred
■ Swelling worsened for 9 days
■ Pain in right knee
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■ Discontinued after no
improvement
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Figure 1 | Timeline of the case illustrating the natural history of Lyme disease. Visits to the homeopath, acupuncturist and
rheumatologist are color-coded and displayed below the timeline.

therapy. she confined herself to bed for 24 days because
of the knee pain, weakness and a headache. one month
later, she had some decrease in the left-knee swelling and
resolution of the headache and weakness.
Following her self-confinement, the patient returned
to the rheumatologist (Figure 1; second presentation).
He reviewed the testing done 1 month previously by the
acupuncturist, including the repeat lyme-disease testing,
for which she was positive (elisa >5.00; western Blot,
negative for igm, positive for igG), and the erythrocyte
sedimentation rate (121 mm/h). Physical examination
by the rheumatologist revealed a 1+ effusion of her
left knee.
the rheumatologist prescribed doxycycline therapy
(100 mg, twice daily for 28 days) and the patient agreed
to adhere to the treatment course. the left-knee swelling had gradually improved at 1 month of follow-up.
three days before the completion of doxycycline
therapy, however, the left-knee effusion recurred and
when examined by the rheumatologist the following
week, the left knee had a 2+ effusion that persisted for
an additional 9 days. the left-knee effusion subsequently
resolved. the patient has had no further arthritis and
remained well at 6 months of follow-up.

Diagnosis

lyme disease was recognized in 1976 as an epidemic
of oligoarthritis in children and adults in lyme,
Connecticut, usa.1 in a prospective study, recurrent
episodes of monoarthritis or oligoarthritis, particularly
involving the knee, were reported in 60% of patients
with lyme disease.1,2 the causative organism in north
america, B. burgdorferi, was isolated from the tick vector,
Ixodes scapularis, in 1982.3 in europe, lyme disease is
caused not only by B. burgdorferi, but also by other
closely related borrelial species, including B. afzelii, infection with which is associated with acrodermatitis, and
B. garinii, associated with encephalomyelitis (Figure 2a).4
over the past 30 years, the geographic range of lyme

disease has expanded and lyme disease is now the most
common vector-borne disease in both north america
and europe.5
lyme disease has characteristic, well-recognized clinical features and is generally classified into early and late
stages;6 early disease can be localized or disseminated
(Figure 2b). lyme disease typically begins with erythema
migrans (em) or other early-stage disease manifestations.7 such early disease can be localized to the skin
or can involve hematogenous dissemination to other
sites, including the skin (multiple em lesions), the heart
(lyme carditis) or the nervous system (early neurological disease).6 in general, lyme disease is recognized
early and with increasing accuracy in endemic areas,
such as the coastal regions of northeast usa. However,
patients who are not treated for early disease (owing to
a lack of early disease manifestations, a lack of detection or inadequate treatment) are at risk for late-stage
disease, particularly lyme arthritis in north america.
lyme arthritis is more common in north america than
in europe, because infection in north america is almost
exclusively caused by B. burgdorferi and not other, less
arthritogenic, borrelial species.2,4 antibiotic treatment of
early disease is usually curative;8 progression from early
disease to late-stage arthritis, therefore, has become less
common. in addition, the initiation of antibiotic therapy
in patients who develop lyme arthritis alters the natural
history of the disease and shortens the number and
duration of arthritic episodes.9
although lyme disease has become endemic in certain
areas and the geographical range of lyme disease has
expanded,10 early recognition and treatment has resulted
in a reduction in cases of early disseminated disease or
progression to lyme arthritis. indeed, the natural history
of untreated lyme arthritis is rarely observed. this Case
study describes an individual who chose, over a period
of years, to decline antibiotic therapy to treat her lyme
disease. the natural history of her disease is consistent
with previous reports.1,2
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Figure 2 | The spectrum of Lyme disease, including its associated manifestations and causative strains. a | Geographical
distribution of the Borrelia genospecies, the causative strains of Lyme disease. Manifestations of late stage disease differ
according to the implicated strain; B. burgdorferi is frequently associated with Lyme arthritis, B. afzelii with acrodermatitis
and B. garinii with encephalomyelitis. b | The stages of Lyme disease and the corresponding symptoms and manifestations.
Abbreviations: B. spp., Borrella spp.; B. afzelii, Borrelia afzelii; B. burgdorferi, Borrelia burgdorferi; B. garinii, Borrelia garinii.

lyme disease is a tick-borne spirochetal infection in
which the earliest manifestations occur, as in this case,
primarily during the late spring and early summer
when nymphal I. scapularis ticks are active. 7,11 this
patient resided in northeast usa, where lyme disease
is endemic, and reported that she was bitten by the tick
vector I. scapularis. she developed em, an expanding
erythematous rash at the bite site, which is the most distinctive manifestation of early-stage lyme disease and is
observed in 80% of cases.7,11
the patient experienced headache and a stiff neck
1 month after the tick bite, which might have been additional lyme disease symptoms. untreated early lyme
disease can be followed by a period of clinically asymptomatic infection, often lasting for several months;6 in this

patient, the asymptomatic period lasted for 10 months.
However, at the onset of illness, hematogenous dissemination of B. burgdorferi from the skin to the joints allows
for the development of late stage arthritis.12–14 on the basis
of studies of the plasmid-rich genomic sequence of the
causative organism, B. burgdorferi,15 it is thought that antigenic variation in multiple surface lipoproteins, including
variable major protein-like sequence, expressed (vlse),
allows the organism to avoid recognition by the host
immune system.16 During the progression to late-stage
disease, an expanding range of immune responses develop
against different antigenic determinants of B. burgdorferi
that can be measured by western blot analysis.17,18 not
surprisingly, when analyzed by this method, all serum
samples from this patient had a markedly positive igG
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Case stuDy
Box 1 | Treatment of Lyme arthritis*
lyme arthritis without neurologic disease
Doxyclycline 100 mg orally twice daily for 28 days
(pediatric dose: 1–2 mg/kg twice daily for 28 days)‡
Amoxicillin 500 mg orally three times daily for 28 days
(pediatric dose: 25–50 mg/kg per day divided twice daily
for 28 days)

Persistent or recurrent lyme arthritis§
Ceftriaxone 2 g per day intravenously for 14–28 days
(pediatric dose: 50–75 mg/kg per day intravenously for
14–28 days)||
*In late-stage Lyme arthritis, the response to treatment can be
delayed for several weeks or months. ‡Not recommended for
children <8 years of age or for pregnant or lactating women;
gastrointestinal toxicity and photosensitivity are common adverse
effects. §Patients with mild persistent arthritis or recurrent
arthritis can be treated with a second course of oral antibiotics.
||
Cefotaxime 2 g per 8 h intravenously is an acceptable alternative;
the alternative dose in pediatric patients is 150–200 mg/kg per
day in 3–4 divided doses (with a maximum of 6 g per day).

western blot reaction. indeed, the robustness of the
immune response in lyme arthritis suggests a possible
anamnestic response to recurrent bacteremia.19
in the absence of treatment, the majority of north
american patients with early lyme disease will progress
to lyme arthritis, the most common late-stage manifestation.1,2 late-stage neurological disease is very rare in
north american patients, even in those who progress
to lyme arthritis. this patient illustrates the characteristic pattern of lyme arthritis. she had migratory
polyarthralgias–polyarthritis, occurring in brief episodes,
followed by more persistent arthritis in one or more
joints. this patient also had involvement of the knee with
a considerable joint effusion.2 in conjunction with these
evolving clinical manifestations, a shift in the immune
response of patients with lyme disease to the expression
of spirochete genes, including bmpA and bmpB, have
been observed experimentally.20
once patients develop frank arthritis, they often experience recurrent arthritic flare-ups. the natural history of
these episodes in any individual patient is somewhat
unpredictable; however, the pattern of symptoms observed
in this patient is typical—brief bouts of arthritis in one or
several joints, followed by lengthy arthritic episodes in the
knee.2 the persistence of marked knee-swelling eventually
caused the patient to consult a rheumatologist.
the patient, the homeopath and the rheumatologist
all recognized lyme disease owing to the highly characteristic clinical features. in addition, confirmatory laboratory testing supported the diagnosis. in early-stage lyme
disease, it is possible to culture B. burgdorferi from em
biopsy specimens,21 but such testing is usually unnecessary and is not routinely available. B. burgdorferi has also
been cultured from blood samples in patients with early
disease, but this method is not sensitive enough to be
clinically reliable.12–14 successful culture of B. burgdorferi
from synovial fluid of patients with lyme arthritis has
rarely been reported,22,23 and is also not considered to be
useful in clinical practice. Detection of B. burgdorferi in

synovial fluid by PCr is more sensitive than the aforementioned culturing techniques, but, to date, the utility
of such testing has not been fully established for clinical
decision-making.24 the detection of humoral immune
responses against B. burgdorferi by elisa and western
blot, therefore, remain the primary diagnostic tests for
lyme disease.17–19 in early disease, seropositivity might
not develop for several weeks, but as this case illustrates,
by the time lyme arthritis occurs, sera from all individuals will manifest a vigorous positive response to the
elisa and igG western blot assays.8,17,18

Treatment

several guidelines for the treatment of lyme disease
have been formulated, notably by wormser et al.8 and
an updated version was published by others in 2010.25
early localized lyme disease is cured in almost all individuals with a short course of doxycycline or amoxicillin.
occasionally, patients with early disseminated lyme
disease (such as patients with lyme meningitis) benefit
from parenteral antibiotic therapy. although the disease
can resolve in some patients without antibiotic therapy,
lyme arthritis typically requires a longer duration of
oral antibiotics or, occasionally, intravenous antibiotic
therapy to be successful (Box 1).8,25
During this patient’s first presentation to the rheumatologist, the arthritis was observed to be resolving.
nevertheless, the rheumatologist recommended antibiotic therapy for two reasons: to hasten the resolution
of the current bout of arthritis and, more importantly,
to diminish the likelihood of subsequent episodes. the
expectation of subsequent arthritic flare-ups was consistent with the previously studied natural history of
untreated lyme arthritis, in which recurrent episodes
can occur for years.2 after successful treatment of an
incidence of lyme arthritis with antibiotics, however,
most patients are cured and have no further episodes of
arthritis or other late manifestations of lyme disease.8,9
one of the reasons that the rheumatologist anticipated that antibiotic therapy would be successful in this
patient, despite the delay in treatment, was that PCr
studies demonstrated persistent B. burgdorferi synovial
positivity in patients with untreated lyme arthritis.24 in
a cohort of 88 patients, B. burgdorferi Dna was detected
in the synovial fluid from 70 of 73 untreated patients (or
those treated with a short course of antibiotics) compared
with 7 of 19 patients who received parenteral antibiotics
(or those treated with a long courses of oral antibiotics)
(96% versus 37%, P <0.001).24 Furthermore, among a subgroup of 45 patients who had never received antibiotics,
B. burgdorferi Dna was detected by PCr in 43 of 45
individuals (96%). serial synovial samples were available
for 12 of the untreated individuals in this subgroup. all
12 samples initially tested positive, and nine were subsequently positive when tested months or years later during
subsequent episodes of arthritis. in the three patients for
whom B. burgdorferi Dna was not detected in the last
synovial fluid sample, their arthritis resolved within the
following months.24 this study suggests that the presence or absence of previous antibiotic treatment is more
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predictive than the duration of untreated arthritis for the
success of antibiotic therapy in lyme arthritis.
most individuals with lyme arthritis respond to oral
antibiotic therapy or, occasionally, parenteral antibiotic
therapy (Box 1),25 and can be clinically designated as
antibiotic-responsive patients (defined as those who
undergo successful antibiotic treatment in <3 months).
a small percentage of patients, however, have a proliferative synovitis despite receiving 3 months of antibiotic
therapy,9,26 and can be considered antibiotic-refractory
(defined as patients who do not respond to >3 months
of antibiotic therapy).9 it is not currently possible to
prospec tively identify the patients who will fail conventional antibiotic therapy. in some patients, lyme
arthritis is presumed to evolve from an infection to an
immune-mediated illness for which both bacterial components16,20 and host factors9,27 determine the propensity and severity of the arthritis, and the responsiveness
to treatment.
the optimum strategy to treat antibiotic-refractory
patients with lyme arthritis is unclear, but success has
been reported with arthroscopic synovectomy of refractory arthritis in the knee,28 and with short courses of
disease-modifying antirheumatic drugs, including
hydroxychloroquine.9,29 in some patients, physical therapy,
nsaiD medication and observation is appropriate since
the natural history, even of antibiotic-refractory arthritis,
is usually one of gradual resolution (Figure 3).2 antibiotic
therapy for >3 months is unlikely to provide benefit in
most patients8 and is not without risk.30
Four years after the onset of lyme disease, this patient
accepted the recommendation of antibiotic treatment.
she had previously started a 2-week course of doxycycline
as prescribed by the homeopath, but, as there was no
immediate resolution of arthritis, she discontinued this
treatment. several weeks later, she completed a 30-day
course of doxycycline as prescribed by the rheumatologist, and, following a brief bout of arthritis in the left
knee, stopped having recurrent arthritis. in patients
with untreated lyme arthritis, the natural history of the
disease is characterized by recurrent flare-ups, lasting
for up to 8 years with resolution observed in 10–20% of
patients each year (Figure 3).2 antibiotic therapy terminated these recurrent arthritic episodes in this patient,
and shortened the duration of illness.
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Figure 3 | The percentage of patients with Lyme arthritis
who experience recurrent episodes decreases by year of
disease. During the first year of illness, 90% of patients
had bouts of arthritis, and the number of individuals who
continued to have recurrences decreased by 10–20% each
year. The mean number of months of active arthritis was
4 months and 5 months during the second and third years
of the disease, respectively, and had decreased to
≤2 months by the fifth year. Reproduced with permission
from the American College of Physicians © Steere, A. C.
et al. Ann. Intern. Med. 107, 725–731 (1987).

Conclusion

when lyme disease was recognized >30 years ago, the
spirochetal etiology was unknown.1 Following the recognition that lyme disease is caused by B. burgdorferi infection in 1983,12,13 almost all patients with recognized em or
lyme arthritis are promptly treated with antibiotic therapy.
rheumatologists are, therefore, rarely visited by patients
who illustrate the natural history of untreated lyme arthritis. nevertheless, patients who are not treated with antibiotic therapy are known to have recurrent episodes of
oligoarthritis, often affecting the knee.2 indeed, this Case
study demonstrates that lyme arthritis, if untreated, continues to occur in a well-characterized pattern that can
last for years. Furthermore, the arthritis in this patient is
thought to have resulted from B. burgdorferi infection (in
the absence of previous antibiotic therapy) rather than
a postinfectious inflammatory process, and her condition was cured with a relatively short course of antibiotic
treatment. the clinical identification of this increasingly
uncommon long-term form of lyme arthritis is important and appropriate management, even at this late-stage
of disease, can result in gratifying treatment outcomes.
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