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Lyme	
  Disease	
  in	
  BC	
  

•  20	
  cases	
  of	
  clinical	
  or	
  laboratory	
  confirmed	
  
Lyme	
  Disease	
  reported	
  in	
  BC	
  in	
  2011	
  

•  Ten	
  (50%)	
  of	
  cases	
  reported	
  travel	
  and	
  likely	
  
acquired	
  their	
  infec1on	
  outside	
  of	
  BC	
  

BC	
  2011	
  Annual	
  Summary	
  of	
  Reportable	
  Diseases	
  	
  



IDSA	
  Treatment	
  

•  Doxycycline	
  
–  	
  100	
  mg	
  twice	
  per	
  day	
  X	
  10-­‐21	
  days	
  

•  Amoxicillin	
  	
  
– 500	
  mg	
  3	
  1mes	
  per	
  day	
  X	
  14-­‐21	
  days	
  

•  Cefuroxime	
  axe1l	
  	
  
– 500	
  mg	
  twice	
  per	
  day	
  X	
  14-­‐21	
  days	
  
	
  

Wormser	
  GP	
  et	
  al.	
  The	
  clinical	
  assessment,	
  treatment,	
  and	
  preven1on	
  of	
  Lyme	
  disease,	
  
human	
  granulocy1c	
  anaplasmosis,	
  and	
  babesiosis:	
  clinical	
  prac1ce	
  guidelines	
  by	
  the	
  

Infec1ous	
  Diseases	
  Society	
  of	
  America.	
  Clin	
  Infect	
  Dis	
  2006	
  	
  



Terminology	
  

•  Late	
  Lyme	
  disease	
  
•  Chronic	
  Lyme	
  disease	
  
•  Post–Lyme	
  disease	
  	
  

– Pa1ents	
  remain	
  symptoma1c	
  aZer	
  comple1on	
  of	
  
appropriate	
  an1bio1c	
  therapy	
  

– May	
  or	
  may	
  not	
  describe	
  those	
  with	
  well-­‐
documented	
  Lyme	
  disease	
  diagnosis	
  

– Confusion	
  and	
  controversy	
  exist	
  over	
  the	
  
frequency/cause/existence	
  of	
  this	
  process	
  

	
  



Late	
  and	
  Chronic	
  Lyme	
  Disease	
  

•  Late	
  Lyme	
  disease	
  	
  
– Objec1ve	
  	
  
– Arthri1s	
  or	
  encephalopathy	
  	
  
– May	
  be	
  untreated	
  or	
  treated	
  pa1ents	
  	
  

•  Chronic	
  Lyme	
  disease	
  
– Subjec1ve	
  	
  
– Used	
  by	
  some	
  to	
  describe	
  those	
  who	
  have	
  not	
  
been	
  diagnosed	
  with	
  	
  Lyme	
  disease	
  

– Long	
  term	
  an1bio1cs	
  controversial	
  	
  
	
  



Post-­‐Lyme	
  Disease	
  

•  IDSA	
  Defini1on	
  Inclusion	
  Criteria	
  
– Documented	
  diagnosis	
  
– Treatment	
  with	
  recommended	
  an1bio1c	
  
– Resolu1on/stabiliza1on	
  of	
  objec1ve	
  
manifesta1ons	
  

– Symptom	
  onset	
  within	
  6	
  months	
  of	
  diagnosis	
  	
  
– Symptoms	
  persist	
  for	
  at	
  least	
  6	
  months	
  aZer	
  
an1bio1c	
  comple1on	
  	
  

– Symptoms	
  result	
  in	
  reduc1on	
  of	
  occupa1onal,	
  
educa1onal,	
  social,	
  or	
  personal	
  ac1vi1es	
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Post-­‐Lyme	
  Disease	
  

–  IDSA	
  Defini1on	
  Exclusion	
  Criteria	
  
•  Ac1ve	
  co-­‐infec1on	
  
•  Objec1ve	
  abnormali1es	
  on	
  physical	
  examina1on,	
  

neuropsychologic	
  tes1ng,	
  laboratory,	
  or	
  imagining	
  	
  that	
  
may	
  explain	
  the	
  pa1ent’s	
  symptoms	
  (a	
  new	
  underlying	
  
disease)	
  

•  Fibromyalgia,	
  chronic	
  fa1gue	
  syndrome,	
  or	
  unexplained	
  
soma1c	
  complaints	
  before	
  the	
  onset	
  of	
  Lyme	
  disease	
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The	
  Controversy	
  



The	
  Controversy	
  

Auwaerter	
  PG,	
  et	
  al.	
  An1science	
  and	
  ethical	
  concerns	
  associated	
  with	
  advocacy	
  of	
  
	
  Lyme	
  disease.	
  Lancet	
  Infect	
  Dis.	
  2011	
  	
  

•  Beliefs	
  about	
  Lyme	
  disease:	
  
– Mostly	
  subjec1ve	
  symptoms	
  	
  
– Usual	
  doses	
  and	
  dura1ons	
  of	
  an1bio1cs	
  are	
  
insufficient	
  	
  

– Open-­‐ended	
  treatment	
  with	
  mul1ple	
  an1bio1cs	
  
are	
  needed	
  	
  
*Obtained	
  from	
  popular	
  Lyme	
  disease	
  websites,	
  and	
  from	
  
public	
  statements	
  and	
  presenta1ons	
  made	
  by	
  some	
  
“Lyme	
  literate	
  medical	
  doctors”	
  and	
  ac1vists	
  



Clinical	
  Ques1on	
  
P	
   Pa1ent	
  with	
  early	
  Lyme	
  disease	
  	
  
I	
   Doxycycline	
  <	
  20	
  days	
  
C	
   Doxycycline	
  >	
  	
  #	
  days	
  than	
  interven1on	
  	
  
O	
   Efficacy:	
  

•  Resolu1on	
  of	
  early	
  Lyme	
  
disease	
  
•  Erythema	
  
•  Symptoms	
  	
  

•  Post-­‐Lyme	
  disease	
  at	
  >/=	
  
6	
  months	
  	
  

	
  Safety:	
  
-­‐  Dermatological:	
  

-­‐  Photosensi1vity	
  
-­‐  Gastrointes1nal:	
  

-­‐  Anorexia,	
  diarrhea,	
  dysphagia,	
  
hepatotoxicity,	
  nausea,	
  
pseudomembranous	
  coli1s,	
  and	
  
vomi1ng	
  

-­‐  Hypersensi1vity:	
  Rash,	
  ur1caria	
  
-­‐  Discon1nua1on	
  of	
  therapy	
  due	
  to	
  AE	
  



Search	
  Strategy	
  
Databases	
   Cochrane,	
  Google,	
  Google	
  Scholar,	
  Embase,	
  

Medline,	
  PubMed,	
  IPA	
  

Search	
  Strategy	
  	
   Lyme	
  disease	
  OR	
  Lyme	
  borreliosis	
  OR	
  
Borrelia	
  burgdorferi	
  AND	
  doxycycline	
  

Limits	
   English,	
  Humans	
  

Results	
   2	
  Prospec1ve	
  
2	
  Retrospec1ve	
  

*excluded	
  1	
  retrospec1ve	
  trial	
  	
  
(did	
  not	
  report	
  doxycycline	
  results	
  independently)	
  



Duration of Antibiotic Therapy for Early Lyme Disease
A Randomized, Double-Blind, Placebo-Controlled Trial
Gary P. Wormser, MD; Roshan Ramanathan, MD, MPH; John Nowakowski, MD; Donna McKenna, RN, ANP; Diane Holmgren, RN;
Paul Visintainer, PhD; Rhea Dornbush, PhD; Brij Singh, MD; and Robert B. Nadelman, MD

Background: Treatment of patients with early Lyme disease has
trended toward longer duration despite the absence of supporting
clinical trials.

Objective: To evaluate different durations of oral doxycycline
treatment and the combination of oral doxycycline and a single
intravenous dose of ceftriaxone for treatment of patients with
early Lyme disease.

Design: Randomized, double-blind, placebo-controlled trial.

Setting: Single-center university hospital.

Patients: 180 patients with erythema migrans.

Intervention: Ten days of oral doxycycline, with or without a
single intravenous dose of ceftriaxone, or 20 days of oral doxy-
cycline.

Measurements: Outcome was based on clinical observations
and neurocognitive testing. Efficacy was assessed at 20 days, 3
months, 12 months, and 30 months.

Results: At all time points, the complete response rate was

similar for the three treatment groups in both on-study and
intention-to-treat analyses. In the on-study analysis, the complete
response rate at 30 months was 83.9% in the 20-day doxycycline
group, 90.3% in the 10-day doxycycline group, and 86.5% in the
doxycycline–ceftriaxone group (P > 0.2). The only patient with
treatment failure (10-day doxycycline group) developed meningitis
on day 18. There were no significant differences in the results of
neurocognitive testing among the three treatment groups and a
separate control group without Lyme disease. Diarrhea occurred
significantly more often in the doxycycline–ceftriaxone group
(35%) than in either of the other two groups (P < 0.001).

Conclusions: Extending treatment with doxycycline from 10 to
20 days or adding one dose of ceftriaxone to the beginning of a
10-day course of doxycycline did not enhance therapeutic efficacy
in patients with erythema migrans. Regardless of regimen, objec-
tive evidence of treatment failure was extremely rare.

Ann Intern Med. 2003;138:697-704. www.annals.org
For author affiliations, see end of text.

See editorial comment on pp 761-762.

Although Lyme disease is the most common vector-
borne disease in the United States (1), the appropriate

duration of treatment for its most common manifestation,
erythema migrans, remains unclear. A small open-label
prospective study reported in 1983 found that outcome
did not improve when tetracycline therapy was extended
from 10 days to 20 days (2). However, most recent treat-
ment trials have used antibiotic regimens of approximately
3 weeks (3–5), and some authorities recommend 20 to 30
days of therapy (6). This change in practice has occurred in
the absence of additional prospective studies on the dura-
tion of treatment and is a source of ongoing controversy.

Another uncertain issue in the management of patients
with erythema migrans is whether Borrelia burgdorferi, the
etiologic agent, has disseminated to the central nervous
system at the time of presentation (7). If so, the outcome
of therapy might be enhanced by treatment with a paren-
teral agent such as ceftriaxone, which readily crosses the
blood–brain barrier. To address these concerns, we con-
ducted a placebo-controlled study comparing 10 days of
doxycycline with both 10 days of doxycycline plus one
dose of ceftriaxone and 20 days of doxycycline.

METHODS

Patients at least 16 years of age who had erythema
migrans and satisfied the U.S. Centers for Disease Control
and Prevention’s surveillance definition of Lyme disease

(an annular erythematous skin lesion !5 cm in diameter)
(8) entered the study between 1992 and 1994. Volunteers
were recruited primarily through the walk-in Lyme Disease
Diagnostic Center at the Westchester Medical Center, Val-
halla, New York. Exclusion criteria included pregnancy or
lactation, allergy to a tetracycline or a "-lactam antibiotic,
receipt of antibiotic treatment for Lyme disease for more
than 48 hours before enrollment, meningitis or advanced
heart block, or any underlying conditions that might inter-
fere with evaluability or follow-up. All patients gave writ-
ten informed consent, and the institutional review board at
New York Medical College approved the study protocol.

Patients were randomly assigned to one of three treat-
ment groups: 1) a single 2-g dose of intravenous ceftriax-
one followed by 10 days of oral doxycycline capsules twice
daily, then by 10 days of oral placebo capsules (cornstarch),
identical in appearance to the doxycycline capsules, twice
daily; 2) a placebo injection (5% dextrose) followed by 10
days of oral doxycycline, 100 mg twice daily, and then by
10 days of oral placebo twice daily; or 3) a placebo injec-
tion followed by 20 days of oral doxycycline twice daily.
Since ceftriaxone is yellow, infusion bags were kept covered
to maintain masking.

The pharmacy dispensed study medications in accor-
dance with a randomization schedule that was based on a
computer-generated random-number code with a per-
muted block size of 9. Clinical staff involved in recruit-
ment of participants or in assessing clinical outcomes were

Annals of Internal Medicine Article
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Wormser	
  et	
  al.	
  2003	
  
Design	
   Prospec1ve,	
  SC,	
  R,	
  DB,	
  PC	
  
P	
   American	
  pa1ents	
  with	
  erythema	
  migrans,	
  64%	
  male	
  (n=180)	
  

I	
   CeZriaxone	
  2	
  g	
  IV	
  X1,	
  doxycycline	
  100	
  mg	
  po	
  BID	
  X	
  10	
  days,	
  	
  and	
  
placebo	
  po	
  BID	
  	
  X	
  10	
  days	
  (n=60)	
  
	
  
Placebo	
  injec1on	
  (5%	
  dextrose)	
  IV	
  X	
  1,	
  doxycycline	
  100	
  mg	
  po	
  
BID	
  X	
  10	
  days,	
  and	
  placebo	
  po	
  BID	
  	
  X	
  10	
  days	
  (n=61)	
  

C	
   Placebo	
  injec1on	
  (5%	
  dextrose)	
  IV	
  X	
  1	
  and	
  	
  doxycycline	
  100	
  mg	
  
po	
  BID	
  X	
  20	
  days	
  (n=59)	
  

O	
   •  Primary:	
  
•  Post-­‐Lyme	
  Disease	
  at	
  1	
  year	
  

•  Secondary:	
  
•  Complete	
  response	
  at	
  20	
  days,	
  3,	
  12,	
  30	
  months	
  
•  Neurocogni1ve	
  tes1ng	
  throughout	
  
•  Adverse	
  effects	
  at	
  20	
  days	
  

Wormser	
  GP	
  et	
  al.	
  Dura1on	
  of	
  an1bio1c	
  therapy	
  for	
  early	
  Lyme	
  disease.	
  	
  A	
  randomized,	
  double-­‐blind,	
  
	
  placebo-­‐controlled	
  trial.	
  Ann	
  Intern	
  Med	
  2003	
  



Randomized	
  	
  
n=	
  180	
  

D+C	
  	
  
	
  n=60	
  (total)	
  

D10	
  
n=61	
  (total)	
  

	
  

D20	
  
n=59	
  (total)	
  

20	
  days	
  (n=	
  52)	
  
2	
  not	
  available	
  for	
  follow	
  up,	
  	
  

5	
  non	
  adherent,	
  	
  
1	
  did	
  not	
  meet	
  inclusion	
  criteria	
  	
  

20	
  days	
  (n=	
  48)	
  
2	
  not	
  available	
  for	
  follow	
  up,	
  

	
  9	
  non	
  adherent,	
  	
  
2	
  took	
  intercurrent	
  an1bio1cs	
  

20	
  days	
  (n=	
  45)	
  
14	
  non	
  adherent	
  

3	
  months	
  (n=	
  48)	
  
5	
  not	
  available	
  for	
  follow	
  up,	
  	
  

1	
  intercurrent	
  non-­‐Lyme	
  illness	
  	
  

3	
  months	
  (n=	
  47)	
  
2	
  not	
  available	
  for	
  follow	
  up,	
  	
  

1	
  intercurrent	
  erythema	
  migrans	
  

3	
  months	
  (n=	
  41)	
  
3	
  not	
  available	
  for	
  follow	
  up,	
  	
  

1	
  intercurrent	
  erythema	
  migrans	
  

12	
  months	
  (n=45)	
  
7	
  not	
  available	
  for	
  follow	
  up,	
  	
  

1	
  intercurrent	
  erythema	
  migrans	
  
	
  

12	
  months	
  (n=43)	
  
	
  5	
  not	
  available	
  for	
  follow	
  up,	
  	
  

1	
  intercurrent	
  erythema	
  migrans	
  
	
  

12	
  months	
  (n=40)	
  
4	
  not	
  available	
  for	
  follow	
  up	
  

	
  

30	
  months	
  (n=37)	
  
11	
  not	
  available	
  for	
  follow	
  up,	
  	
  

4	
  intercurrent	
  erythema	
  migrans	
  

30	
  months	
  (n=31)	
  
16	
  not	
  available	
  for	
  follow	
  up,	
  	
  

1	
  intercurrent	
  erythema	
  migrans	
  

30	
  months	
  (n=31)	
  
9	
  not	
  available	
  for	
  follow	
  up,	
  

	
  4	
  intercurrent	
  erythema	
  migrans	
  
	
  

Note:	
  Red=	
  excluded	
  from	
  PP	
  analysis	
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Complete	
  Response	
  
Time	
   D10	
  (n=61)	
   D20	
  (n=59)	
   Difference	
  (%)	
  

20-­‐Day	
  Doxycycline	
  vs.	
  	
  
10-­‐Day	
  Doxycycline	
  	
  

95%	
  CI	
  

20	
  d	
   34	
  (70.8)	
  
37	
  (71.2)	
  
37	
  (60.6)	
  

29	
  (64.4)	
  
34	
  (59.6)	
  
34	
  (57.6)	
  

-­‐6.4	
   (-­‐25.4	
  to	
  12.6)	
  	
  
	
  

3	
  	
  m	
   36	
  (76.6)	
  
41	
  (74.5)	
  
41	
  (67.2)	
  

30	
  (73.2)	
  
39	
  (75.0)	
  
39	
  (66.1)	
  

-­‐3.4	
   (-­‐21.6	
  to	
  14.8)	
  	
  
	
  

12	
  m	
   36	
  (83.7)	
  
44	
  (86.3)	
  
44	
  (72.1)	
  

30	
  (75.0)	
  
39	
  (78.0)	
  
39	
  (66.1)	
  

-­‐8.7	
   (-­‐26.1	
  to	
  8.7)	
  	
  

30	
  m	
   28	
  (90.3)	
  
35	
  (85.4)	
  
35	
  (85.4)	
  

26	
  (83.9)	
  
35	
  (84.5)	
  
35	
  (84.5)	
  

-­‐6.4	
   (-­‐23.1	
  to	
  10.2)	
  	
  
	
  

Red=	
  PP,	
  Black	
  =	
  ITT,	
  Blue=	
  ITT	
  (using	
  number	
  randomized)	
  
Wormser	
  GP	
  et	
  al.	
  Dura1on	
  of	
  an1bio1c	
  therapy	
  for	
  early	
  Lyme	
  disease.	
  	
  A	
  randomized,	
  double-­‐blind,	
  

	
  placebo-­‐controlled	
  trial.	
  Ann	
  Intern	
  Med	
  2003	
  



Par1al	
  Response	
  
Time	
   D10	
  (n=61)	
   D20	
  (n=59)	
  

20	
  d	
   13	
  (27.1)	
  
14	
  (26.9)	
  
14	
  (22.9)	
  

16	
  (35.6)	
  
23	
  (40.4)	
  
23	
  (39.0)	
  

3	
  	
  m	
   10	
  (21.3)	
  
13	
  (23.6)	
  
13	
  (21.3)	
  

11	
  (26.8)	
  
13	
  (25.0)	
  
13	
  (22.0)	
  

12	
  m	
   6	
  (14.0)	
  
6	
  (11.8)	
  
6	
  (9.8)	
  

10	
  (25.0)	
  
11	
  (22.0)	
  
11	
  (18.6)	
  

30	
  m	
   2	
  (6.5)	
  
5	
  (12.2)	
  
5	
  (8.2)	
  

5	
  (16.1)	
  
6	
  (14.6)	
  
6	
  (10.2)	
  

Red=	
  PP,	
  Black	
  =	
  ITT,	
  Blue=	
  ITT	
  (using	
  number	
  randomized)	
  

Wormser	
  GP	
  et	
  al.	
  Dura1on	
  of	
  an1bio1c	
  therapy	
  for	
  early	
  Lyme	
  disease.	
  	
  A	
  randomized,	
  double-­‐blind,	
  
	
  placebo-­‐controlled	
  trial.	
  Ann	
  Intern	
  Med	
  2003	
  

“No	
  significant	
  differences	
  in	
  	
  
treatment	
  outcome	
  were	
  found	
  	
  
among	
  pa1ents	
  at	
  either	
  	
  
the	
  3-­‐	
  or	
  12-­‐month	
  1me	
  points”	
  
	
  



Adverse	
  Effects	
  
D10	
  (n=61)	
   D20	
  (n=59)	
  

Dermatological:	
  
Photosensi1vity	
  

	
  
5	
  

	
  
2	
  

Gastrointes1nal:	
  	
  
Anorexia	
  
Diarrhea	
  
Dysphagia	
  
Hepatotoxicity	
  
Pseudomembranous	
  coli1s	
  
Nausea	
  
Vomi1ng	
  

	
  
1	
  
4	
  
0	
  
NR	
  
NR	
  
16	
  
2	
  

	
  
6	
  
5	
  
0	
  
NR	
  
NR	
  
12	
  
4	
  

Hypersensi1vity	
  
Rash	
  
Ur1caria	
  

0	
  
NR	
  
0	
  

0	
  
NR	
  
0	
  

Discon1nua1on	
  of	
  therapy	
  due	
  to	
  AE	
   1	
   0	
  
NR=	
  not	
  reported	
  

Wormser	
  GP	
  et	
  al.	
  Dura1on	
  of	
  an1bio1c	
  therapy	
  for	
  early	
  Lyme	
  disease.	
  	
  A	
  randomized,	
  double-­‐blind,	
  
	
  placebo-­‐controlled	
  trial.	
  Ann	
  Intern	
  Med	
  2003	
  



Conclusions	
  

•  Extending	
  doxycycline	
  from	
  10	
  to	
  20	
  days	
  did	
  
not	
  enhance	
  therapeu1c	
  efficacy	
  	
  

•  6.5%	
  to	
  16.1%	
  were	
  par1al	
  responders	
  at	
  30-­‐
months	
  

•  No	
  evidence	
  for	
  neurologic	
  deficit	
  
development	
  in	
  any	
  of	
  the	
  treatment	
  groups	
  

	
  

Wormser	
  GP	
  et	
  al.	
  Dura1on	
  of	
  an1bio1c	
  therapy	
  for	
  early	
  Lyme	
  disease.	
  	
  A	
  randomized,	
  double-­‐blind,	
  
	
  placebo-­‐controlled	
  trial.	
  Ann	
  Intern	
  Med	
  2003;	
  138:	
  697–704.	
  



Limita1ons	
  	
  

•  Do	
  not	
  report	
  sta1s1cs	
  on	
  their	
  primary	
  
outcome	
  (post-­‐Lyme	
  disease	
  at	
  12m)	
  

•  Nonspecific	
  symptoms:	
  
– A	
  medical	
  explana1on	
  other	
  than	
  Lyme	
  disease	
  
may	
  exist	
  

•  Many	
  pa1ents	
  withdrew	
  	
  
•  Neurocogni1ve	
  results	
  vague	
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Treatment of Erythema Migrans With
Doxycycline for 10 Days Versus 15 Days
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1Department of Infectious Diseases, University Medical Center Ljubljana, 2Institute for Biostatistics and Medical Informatics, Ljubljana, and 3Institute
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Background. The efficacy of 10-day doxycycline treatment in patients with erythema migrans has been as-
sessed in the United States but not in Europe. Experts disagree on the significance of post–Lyme borreliosis symp-
toms.

Methods. In a noninferiority trial, the efficacies of 10 days and 15 days of oral doxycycline therapy were
evaluated in adult European patients with erythema migrans. The prevalence of nonspecific symptoms was com-
pared between patients with erythema migrans and 81 control subjects without a history of Lyme borreliosis. The
efficacy of treatment, determined on the basis of clinical observations and microbiologic tests, was assessed at 14
days and at 2, 6, and 12 months. Nonspecific symptoms in patients and controls were compared at 6 months after
enrollment.

Results. A total of 117 patients (52%) were treated with doxycycline for 15 days, and 108 (48%) received
doxycycline for 10 days. Twelve months after enrollment, 85 of 91 patients (93.4%) in the 15-day group and 79 of
86 (91.9%) in the 10-day group had complete response (difference, 1.6 percentage points; upper limit of the 95%
confidence interval, 9.1 percentage points). At 6 months, the frequency of nonspecific symptoms in the patients
was similar to that among controls.

Conclusions. The 10-day regimen of oral doxycycline was not inferior to the 15-day regimen among adult
European patients with solitary erythema migrans. Six months after treatment, the frequency of nonspecific symp-
toms among erythema migrans patients was similar to that among control subjects.

Clinical Trials Registration. NCT00910715.

In several randomized studies assessing the efficacy of
oral antibiotics for erythema migrans treatment that
were performed in Europe and the United States, differ-
ent antibiotics and dosing regimens have proved compa-
rable and very effective. After antibiotic treatment,
objective signs of Lyme borreliosis occurred in only rare
instances [1–13]; however, the proportion of patients
with subjective symptoms ≥6 months after treatment
ranged considerably, from 0% to 40.8% in the United

States [1–8] and from 0% to 23.4% in European ran-
domized clinical studies [9–13]. On the basis of those
studies, the Infectious Diseases Society of America rec-
ommended 14–21 days of oral antibiotics for treatment
of erythema migrans [14]. Results of more recent re-
search suggest that 14 days of oral antibiotics suffice for
excellent treatment outcome [15–17]. The efficacy of
shorter, 10-day treatment with doxycycline has been es-
timated in the United States [5] but not in Europe.

The clinical course of erythema migrans in Europe
differs somewhat from that in the United States
[18, 19], and there has been no direct comparison
between the 2 continents on the efficacy of individu-
al antibiotics for this condition. The primary objec-
tive of this trial was to assess the noninferiority of
10-day oral doxycycline treatment in comparison
with 15-day treatment in European patients with ery-
thema migrans. The primary efficacy outcome was
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pared between patients with erythema migrans and 81 control subjects without a history of Lyme borreliosis. The
efficacy of treatment, determined on the basis of clinical observations and microbiologic tests, was assessed at 14
days and at 2, 6, and 12 months. Nonspecific symptoms in patients and controls were compared at 6 months after
enrollment.

Results. A total of 117 patients (52%) were treated with doxycycline for 15 days, and 108 (48%) received
doxycycline for 10 days. Twelve months after enrollment, 85 of 91 patients (93.4%) in the 15-day group and 79 of
86 (91.9%) in the 10-day group had complete response (difference, 1.6 percentage points; upper limit of the 95%
confidence interval, 9.1 percentage points). At 6 months, the frequency of nonspecific symptoms in the patients
was similar to that among controls.

Conclusions. The 10-day regimen of oral doxycycline was not inferior to the 15-day regimen among adult
European patients with solitary erythema migrans. Six months after treatment, the frequency of nonspecific symp-
toms among erythema migrans patients was similar to that among control subjects.

Clinical Trials Registration. NCT00910715.

In several randomized studies assessing the efficacy of
oral antibiotics for erythema migrans treatment that
were performed in Europe and the United States, differ-
ent antibiotics and dosing regimens have proved compa-
rable and very effective. After antibiotic treatment,
objective signs of Lyme borreliosis occurred in only rare
instances [1–13]; however, the proportion of patients
with subjective symptoms ≥6 months after treatment
ranged considerably, from 0% to 40.8% in the United

States [1–8] and from 0% to 23.4% in European ran-
domized clinical studies [9–13]. On the basis of those
studies, the Infectious Diseases Society of America rec-
ommended 14–21 days of oral antibiotics for treatment
of erythema migrans [14]. Results of more recent re-
search suggest that 14 days of oral antibiotics suffice for
excellent treatment outcome [15–17]. The efficacy of
shorter, 10-day treatment with doxycycline has been es-
timated in the United States [5] but not in Europe.

The clinical course of erythema migrans in Europe
differs somewhat from that in the United States
[18, 19], and there has been no direct comparison
between the 2 continents on the efficacy of individu-
al antibiotics for this condition. The primary objec-
tive of this trial was to assess the noninferiority of
10-day oral doxycycline treatment in comparison
with 15-day treatment in European patients with ery-
thema migrans. The primary efficacy outcome was
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Stupica et al. 2012	
  
Design	
   Prospec1ve	
  noninferiority	
  	
  

P	
   European	
  pa1ents	
  with	
  solitary	
  erythema	
  migrans,	
  44%	
  male	
  
(n=225)	
  

I	
   Doxycycline	
  100	
  mg	
  po	
  BID	
  X	
  10	
  days	
  (n=	
  108)	
  

C	
   Doxycycline	
  100	
  mg	
  po	
  BID	
  X	
  15	
  days	
  (n=	
  117)	
  
Control	
  group	
  (n=	
  81)	
  

O	
   Primary	
  endpoints:	
  	
  
•  Complete	
  response	
  at	
  12	
  months	
  

Secondary	
  endpoints:	
  
•  Response	
  at	
  14	
  days,	
  2	
  months,	
  and	
  6	
  months	
  
•  Presence	
  of	
  nonspecific	
  symptoms	
  at	
  6	
  months	
  
•  Adverse	
  events	
  at	
  14	
  days	
  
•  Compliance	
  at	
  14	
  days	
  

Stupica et al. Treatment of erythema migrans with doxycycline for  
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Eligible	
  (n=225)	
  

	
  

D10	
  (n=	
  108)	
  
	
  

D15	
  (n=117)	
  

14	
  days	
  (n=	
  108)	
  
	
  

14	
  days	
  (n=	
  117)	
  

2	
  months	
  (n=104)	
  
4	
  not	
  available	
  for	
  follow	
  up	
  

	
  

2	
  months	
  (n=113)	
  
4	
  not	
  available	
  for	
  follow	
  up	
  

6	
  months	
  (n=	
  96)	
  
12	
  not	
  available	
  for	
  follow	
  up	
  

	
  

6	
  months	
  (n=	
  101)	
  
16	
  not	
  available	
  for	
  follow	
  up	
  

12	
  months	
  (n=86)	
  
22	
  not	
  available	
  for	
  follow	
  up	
  

12	
  months	
  (n=91)	
  
26	
  not	
  available	
  for	
  follow	
  up	
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Complete	
  
Response	
  

D10	
  
(n=	
  108)	
  

D15	
  
(n=117)	
  
	
  

Difference	
  
(%)	
  

95%	
  CI	
  upper	
  
limit	
  (%)	
  

14	
  d	
   60/108	
  (55.6)	
  	
   71/117	
  (	
  60.7)	
   5.1	
   16.8	
  
2	
  m	
   88/104	
  (84.6)	
  	
   98/113	
  (86.7)	
  	
   2.1	
   10.9	
  

6	
  m	
   81/96	
  (84.4)	
  	
   95/101	
  (94.1)	
  	
   9.7	
   17.9	
  
12	
  m	
   79/86	
  (91.9)	
  	
   85/91	
  (93.4)	
  	
   1.6	
   9.1	
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  D10	
  Beser	
  	
  	
  	
  	
  	
  	
  D10	
  Worse	
   10%	
  

1.6%	
   9.1%	
  

Difference	
  in	
  Complete	
  Response	
  at	
  12m	
  
	
  (10	
  day	
  doxycycline	
  minus	
  15	
  day	
  doxycycline)	
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Nonspecific	
  
symptoms	
  at	
  6	
  
months	
  	
  

10	
  days	
  
(n=	
  108)	
  
	
  

15	
  days	
  
(n=117)	
  
	
  

Controls	
  
(n=81)	
  

P	
  

Any	
   79	
  (82.3)	
  	
   72	
  (71.3)	
  	
   60	
  (74.1)	
  	
   .18	
  	
  

Number	
  of	
  
symptoms	
  

6	
  (1–10.3)	
  	
   5	
  (0–9)	
  	
   6	
  (0–9)	
  	
   .51	
  	
  

Symptoms=	
  Fa1gue,	
  Malaise	
  ,	
  Arthralgias,	
  Headache,	
  Myalgias,	
  Paresthesias,	
  Dizziness,	
  Nausea,	
  Insomnia,	
  
Sleepiness,	
  Forgetulness,	
  Concentra1on	
  difficul1es,	
  Irritability,	
  Pain	
  in	
  spine	
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Adverse	
  Effects	
  
D10	
  	
  (n=	
  108)	
   D15	
  	
  (n=	
  117)	
   P	
  

Dermatological:	
  
Photosensi1vity	
  

	
  
0	
  

	
  
7	
  (6%)	
  

	
  
0.02	
  

Gastrointes1nal:	
  	
  
Anorexia	
  
Diarrhea	
  
Dysphagia	
  
Hepatotoxicity	
  	
  

>	
  10%	
  Increase	
  in	
  bilirubin	
  
>	
  10%	
  Increase	
  in	
  AST	
  

Nausea	
  
Pseudomembranous	
  coli1s	
  	
  
Vomi1ng	
  

24	
  (22.2)	
  
NR	
  
NR	
  
NR	
  
	
  
28/105	
  (26.7)	
  
40/105	
  (38.1)	
  
NR	
  
NR	
  
NR	
  

25	
  (21.4)	
  
NR	
  
NR	
  
NR	
  
	
  
34/109	
  (31.2)	
  
37/111	
  (33.3)	
  
NR	
  
NR	
  
NR	
  

1.00	
  
NR	
  
NR	
  
NR	
  
	
  
.55	
  
.48	
  
NR	
  
NR	
  
NR	
  

Hypersensi1vity	
  
Rash	
  
Ur1caria	
  

NR	
  
NR	
  
NR	
  

NR	
  
NR	
  
NR	
  

NR	
  
NR	
  
NR	
  

Discon1nua1on	
  of	
  therapy	
  due	
  to	
  AE	
   0	
   0	
   NR	
  
NR=	
  not	
  reported	
  	
   Stupica et al. Treatment of erythema migrans with doxycycline for  

10 days versus 15 days. Clin Infect Dis. 2012  



Conclusions	
  

•  10-­‐day	
  regimen	
  of	
  oral	
  doxycycline	
  was	
  not	
  
inferior	
  to	
  the	
  15-­‐day	
  regimen	
  	
  

•  Nonspecific	
  symptoms	
  were	
  similar	
  to	
  control	
  
subjects	
  six	
  months	
  aZer	
  treatment	
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Limita1ons	
  	
  

•  Generalizability,	
  included	
  pa1ents	
  with	
  
solitary	
  erythema	
  migrans	
  	
  

•  Nonspecific	
  symptoms:	
  
– A	
  medical	
  explana1on	
  other	
  than	
  Lyme	
  disease	
  
may	
  exist	
  

– Control	
  group	
  at	
  6	
  months	
  aZer	
  enrollment	
  could	
  
have	
  Lyme	
  disease	
  

•  Power	
  to	
  detect	
  post-­‐Lyme	
  disease?	
  	
  
	
  



THERAPY 

Doxycycline versus tetracycline therapy for Lyme 
disease associated with erythema migrans 
John Nowakowski, MD: Robert B. Nadelman, MD: Gilda Forseter, RN,a 
Donna McKenna, NP,b and Gary P. Wormser, MDa Valhalla, New York 

Backgromd: Doxycycline is widely used to treat Lyme disease associated with erythema mi- 
grans. Whether it is comparable to tetracycline is unknown. 
Objective: We conducted a two-part retrospective analysis of (1) the safety and efficacy of 
doxycycline compared with tetracycline and (2) the safety and efficacy of a 14-day versus a 
20-day course of doxycycline. 
Methods: Twenty-seven patients given tetracycline (500 mg four times a day for 14 days 
[group 11) were compared retrospectively with 2 1 patients who received doxycycline ( 100 mg 
two or three times a day for 14 days [group 21). The results for group 2 were also compared 
with that of 38 patients who received doxycycline for 20 days (100 mg three times daily) in 
a prospective treatment trial (group 3). 
Results: There was no significant difference in the incidence of adverse drug effects or in ef- 
ficacy at 1 month, but at 1 year there was a trend toward a better outcome in the group treated 
with tetracycline (p = 0.08). A 1Cday course of doxycycline was comparable to a 20-day 
course in the incidence of adverse drug effects and in clinical outcome. 
Conclusion: The principal advantage of doxycycline over tetracycline for the treatment of 
Lyme disease associated with erythema migrans is the convenience of less frequent dosing, 
not enhanced efficacy or safe@. There appears to be no advantage in extending treatment with 
doxycycline from 14 to 20 days. _ _ 
(.I AM ACAD DERMATOL 1995;32:223-7.) 

Lyme disease, a systemic infection with both cu- 
taneousl and extracutaneous2> 3 manifestations, is 
caused by the tick-borne spirochete Borrelia burg- 
dorferi.4 The majority of patients have erythema 
migrans (EM).5 Oral antimicrobial therapy can 
improve the rate of resolution of EM and can usu- 
ally prevent more severe late complications such as 
arthritis and neurologic manifestations.6y 7 

The trend in recent treatment trials in patients 
with EM has been to test newer, more expensive an- 
timicrobial agents without direct comparison with 
older, less expensive therapies.*-lo Amoxicillin, with 
or without probenecid, doxycycline, or cefuroxime 
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axetil, have replaced agents such as tetracycline, 
penicillin G, and phenoxymethyl penicillin for treat- 
ing EM despite the lack of data proving clinical su- 
periority. In addition, only one published trial has 
evaluated duration of therapy for treating Lyme 
disease associated with EM.6 Despite evidence indi- 
cating that 10 days of therapy with tetracycline is as 
efficacious as 20 days, the trend has been to continue 
antibiotics for 21 days’l-t3 or even 30 days14T l5 in 
somet2-15 or alll’ patients with EM. This adds fur- 
ther possible unnecessary expense and risk to the 
treatment of such patients. We conducted retrospec- 
tive analyses to evaluate the efficacy of oral therapy 
with 14 days of either tetracycline or doxycycline 
and compared treatment with doxycycline given for 
either 14 or 20 days in patients with Lyme disease 
associated with EM. 

MATERIAL AND METHODS 
Patients and treatment regimens 

During the spring and summer of 1989 all patients seen 
at the Lyme Disease Diagnostic Center at the West- 
chester County Medical Center, Valhalla, New York, 
with physician-documented EM, with or without sys- 

223 

224 Nowakowski et al. 
Journal of the American Academy of Dermatology 

February 1995 

temic symptoms, were examined for entry into a multi- 
center, randomized, investigator-blinded trial comparing 
an oral P-la&am compound with doxycycline, 100 mg 
three times daily for 20 days.‘O Patients who either 
refused entry into the study or who were excluded because 
of a history of intolerance to a P-la&am antibiotic were 
treated with alternative antibiotic regimens at the discre- 
tion of the treating physician. A majority of these patients 
received either oral tetracycline, 500 mg four times daily 
(group 1) or oral doxycycline, 100 mg two or three times 
daily (group 2), each for 14 days, allowing a comparison 
of the efficacy of these agents in treating early Lyme dis- 
ease. Because the renal function of patients at initial ex- 
amination was unknown, prescribers were encouraged to 
avoid ordering tetracycline for patients older than 65 
years of age. No other guidelines were offered for the se- 
lection of a specific antibiotic. The clinical outcome of the 
group treated for 14 days with doxycycline was also com- 
pared with that of patients who received 20 days of ther- 
apy with oral doxycycline, 100 mg three times daily 
(group 3), enrolled in the prospective study at our center. 
All patients met the criteria of the Centers for Disease 
Control and Prevention for EM.16 

tients treated with one of the study regimens were exam- 
ined for adverse effects, including those considered un- 
assessable for efficacy analysis. 

Statistical analysis 
Statistical comparisons were performed, where appro- 

priate, with either Fisher’s Exact Test or the Student t 
test, both two-tailed. The t test for difference between 
proportions was also performed. 

RESULTS 
Patient demographics and clinical 
characteristics 

Efficacy evaluation 
Patients not participating in the prospective trial were 

assessed by telephone interview 12 to 18 months after di- 
agnosis and questioned regarding resolution of EM and 
associated symptoms, adverse effects related to treat- 
ment, development of new symptoms possibly related to 
Lyme disease, and additional antibiotic administration. 
Patients who received doxycycline as part of the prospec- 
tive treatment triallo were examined and questioned at 
baseline, during therapy, and at 1,3, and 12 months after 
diagnosis. Telephone interviews were conducted during 
the prospective evaluation at 6 and 9 months after diag- 
nosis. Patients outside the prospective study were ex- 
cluded from efficacy analysis if they failed to complete at 
least 10 days of therapy or if they were unavailable for 
follow-up, and for those in the prospective study if they 
failed to complete 16 days of treatment or were unavail- 
able for follow-up. 

Between June and September 1989,152 patients 
with EM were seen at the Lyme Disease Diagnostic 
Center. Eighty (53%) entered the prospective treat- 
ment trial,lO 38 of whom were treated with 20 days 
of therapy with doxycycline, 100 mg three times 
daily (group 3). Thirty-six completed at least 16 
days of therapy (mean f SD, 19.7 + 0.99 days) 
and returned for follow-up and were therefore 
assessable for efficacy analysis. The remaining 72 
patients did not enter the study because of refusal 
(n = 23), medication allergy (n = 22), prior treat- 
ment at time of visit (n = 24), or pregnancy (n = 3). 
Ten of these patients could not be located for a fol- 
low-up interview, and 14 were treated with regimens 
other than tetracycline or doxycycline. Of the re- 
maining patients, 27 received oral tetracycline, 500 
mg four times daily for 14 days (group l), with 24 
assessable for efficacy (mean, 13.6 + 1.18 days of 
therapy), and 2 1 patients received oral doxycycline, 
100 mg two times daily (six patients) or three times 
daily (15 patients) for 14 days (group 2), with 20 
assessable for efficacy (mean, 13.7 t- 0.98 days of 
therapy). In those assessable for efficacy analysis six 
patients received doxycycline, 100 mg twice daily, 
and 14 patients were treated three times daily. 

The outcome measures used to judge efficacy were 
complete resolution of EM and associated symptoms at 
1 month after diagnosis (short-term efficacy) and whether 
patients were asymptomatic without repeat treatment 1 
year after diagnosis (long-term efficacy). The same def- 
initions of short- and long-term efficacy were used for 
comparison of all three groups. 

Demographic and clinical features of the three 
groups are shown in Table I. The groups were not 
significantly different with regard to sex, duration of 
EM before therapy, and the presence of associated 
symptoms. However, the patients treated with tet- 
racycline were significantly younger than those 
treated with doxycycline for 14 days (p = 0.02). 

Adverse effects Adverse effects 

Adverse effects were recorded during study visits for The overall incidence of adverse effects was sim- 
those examined prospectively (group 3), whereas retro- ilar in the three groups of patients (Table II). Eight 
spectively studied patients (groups 1 and 2) were asked to of 27 patients (30%) treated with tetracycline for 14 
recall any adverse effects at the time of interview. All pa- days reported adverse effects. Seven patients had 
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Design	
   Retrospec1ve,	
  SC	
  
P	
   American	
  pa1ents	
  with	
  erythema	
  migrans	
  

I	
   Tetracycline	
  500	
  mg	
  po	
  QID	
  X	
  14	
  days	
  (n=27)	
  	
  
Doxycycline	
  100	
  mg	
  po	
  BID-­‐TID	
  X	
  14	
  days	
  (n=21)	
  

C	
   Doxycycline	
  100	
  mg	
  po	
  TID	
  X	
  20	
  days	
  	
  (n=38)*	
  
*	
  From	
  a	
  prospec1ve	
  study	
  

O	
   •  Complete	
  resolu1on	
  of	
  erythema	
  migrans	
  and	
  associated	
  
symptoms	
  at	
  1	
  month	
  aZer	
  diagnosis	
  	
  

•  Whether	
  pa1ents	
  were	
  asymptoma1c	
  without	
  repeat	
  
treatment	
  1	
  year	
  aZer	
  diagnosis	
  	
  

•  Safety	
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Eligible	
  (n=225)	
  
	
  
	
  

D14	
  (n=	
  21)	
  	
  
BID=6,	
  TID=15	
  

	
  
	
  

D20	
  (n=38)	
  

1	
  year	
  
(n=	
  20)	
  

	
  BID=	
  6,	
  TID=	
  14	
  
1	
  excluded	
  

1	
  year	
  
(n=	
  36)	
  	
  

2	
  failure	
  to	
  return	
  for	
  follow	
  up	
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D14	
  
(n=	
  20)	
  

D20	
  
(n=36)	
  
	
  

Difference	
  (%)	
   95%	
  CI	
  for	
  
diference	
  	
  

ResoluWon	
  at	
  
30	
  days	
  

16/20	
  (80)	
   23/36	
  
(64)	
  

24	
   -­‐	
  1	
  0	
  %	
  to	
  42%	
  
	
  

No	
  
retreatment	
  
and	
  
asymptomaWc	
  
at	
  1	
  year	
  

15/20	
  (75)	
   26/36	
  (72)	
   3	
   -­‐22%	
  to	
  28%	
  	
  

Nowakowski	
  J	
  et	
  al.	
  Doxycycline	
  versus	
  tetracycline	
  therapy	
  for	
  Lyme	
  disease	
  	
  
associated	
  with	
  erythema	
  migrans.	
  J	
  Am	
  Acad	
  Dermatol.	
  1995	
  	
  



Adverse	
  Effects	
  
D14	
  	
  (n=	
  21	
  )	
   D20	
  	
  (n=38	
  )	
  

Dermatological:	
  
Photosensi1vity	
  

	
  
0/21	
  (0.0)	
  

	
  
4/38	
  (10.5)	
  

Gastrointes1nal:	
  	
  
Anorexia	
  
Diarrhea	
  
Dysphagia	
  
Hepatotoxicity	
  	
  
Nausea	
  
Pseudomembranous	
  coli1s	
  	
  
Vomi1ng	
  

	
  
NR	
  
1/21	
  (4.8)	
  
NR	
  
NR	
  
6/21	
  (28.6)	
  
NR	
  
NR	
  

	
  
NR	
  
5/38	
  (13.1)	
  
NR	
  
NR	
  
2/38	
  (7.1)	
  
NR	
  
NR	
  

Hypersensi1vity	
  
Rash	
  
Ur1caria	
  

	
  
NR	
  
NR	
  

	
  
NR	
  
NR	
  

Discon1nua1on	
  of	
  therapy	
  due	
  to	
  AE	
   1/21	
  (4.8)	
   0/38	
  (0.0)	
  
NR=	
  not	
  reported	
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Conclusions	
  

•  No	
  addi1onal	
  benefit	
  of	
  extending	
  doxycycline	
  
from	
  14	
  to	
  20	
  days	
  
– Comparable	
  in	
  terms	
  of	
  efficacy	
  and	
  AE	
  

•  Propose	
  shorter	
  courses	
  of	
  an1bio1cs	
  (<14	
  
days)	
  may	
  produce	
  equally	
  sa1sfactory	
  
outcomes	
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Limita1ons	
  	
  

•  Confounders	
  
–  Looked	
  at	
  age,	
  gender,	
  if	
  pa1ent	
  was	
  symptoma1c,	
  and	
  
EM	
  dura1on	
  in	
  baseline	
  demographics	
  

•  Co-­‐morbidi1es,	
  previous	
  Lyme	
  disease,	
  mul1ple	
  EM	
  lesions	
  also	
  
important	
  

•  Recall	
  bias	
  
–  Two	
  different	
  trial	
  designs:	
  	
  

•  D14	
  pa1ents	
  assessed	
  by	
  telephone	
  interview	
  12	
  to	
  18	
  months	
  
aZer	
  diagnosis	
  	
  

•  D20	
  pa1ents	
  assessed	
  in	
  prospec1ve	
  trial	
  and	
  were	
  examined	
  at	
  
baseline,	
  during	
  therapy,	
  and	
  at	
  1,3,	
  and	
  12	
  months	
  aZer	
  diagnosis	
  	
  

•  No	
  power	
  calcula1on,	
  small	
  numbers…	
  



Summary	
  

•  Differences:	
  
•  Popula1ons	
  (American	
  vs.	
  European)	
  
•  Inclusion	
  criteria	
  
•  Trial	
  design	
  
•  Defini1ons	
  of	
  response	
  
•  Frequency	
  and	
  dura1on	
  of	
  doxycycline	
  	
  
•  Trial	
  dura1on	
  and	
  follow	
  up	
  



Summary	
  
D10	
  vs	
  D20	
   D10	
  vs	
  D15	
  

	
  
D14	
  vs	
  D20	
  
	
  

Complete	
  response	
   No	
  difference	
  
(20	
  days,	
  3,	
  12,	
  30	
  
months)	
  

NI	
  	
  
(12	
  months)	
  

No	
  difference	
  
(30	
  days)	
  

Post-­‐Lyme	
  disease	
   No	
  difference	
  
(12	
  months)	
  

No	
  difference	
  
(6	
  months)	
  

No	
  difference	
  	
  
(1	
  year)	
  

AE	
   No	
  difference	
  	
  
	
  

More	
  
photosensi1vity	
  

No	
  difference	
  	
  
	
  



Summary	
  

•  Limita1ons:	
  
•  ?	
  Adequate	
  power	
  

•  Sample	
  size	
  based	
  on	
  different	
  es1mates	
  of	
  response	
  
and/or	
  did	
  not	
  meet	
  desired	
  sample	
  size	
  

•  Studies	
  occurred	
  between	
  1995-­‐2012	
  
•  Varia1on	
  in	
  standard	
  of	
  care	
  and	
  defini1ons	
  

•  Results	
  do	
  not	
  apply	
  to:	
  	
  
•  Late-­‐Lyme	
  disease	
  or	
  disseminated	
  disease	
  	
  



Summary	
  

•  Trials	
  do	
  not	
  suggest	
  longer	
  ini1al	
  treatment	
  
for	
  early-­‐Lyme	
  Disease:	
  
•  Reduces	
  post-­‐Lyme	
  disease	
  or	
  	
  
•  Increases	
  complete	
  response	
  

•  Concern	
  that	
  prolonged	
  treatment	
  may	
  be	
  
harmful	
  
•  Photosensi1vity	
  higher	
  in	
  one	
  trial	
  	
  
•  Case	
  report	
  of	
  fatality	
  asributed	
  to	
  prolonged	
  
therapy	
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