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OBJECT/VE: To d e t e r m i n e  i f  a n t i b i o t i c  p r o p h y l a x i s  f o l l o w i n g  

a d e e r  t i c k  b i t e  i s  e f f e c t i v e  i n  r e d u c i n g  t h e  r i s k  o f  d e v e l o p i n g  

L y m e  d i s ease .  

DESIGN: M e t a - a n a l y s i s  o f  p u b l i s h e d  tr ia l s .  

DATA IDENTIFICATION: Cl in ica l  t r ia l s  w e r e  i d e n t i f i e d  b y  a 

c o m p u t e r i z e d  l i t e r a t u r e  s e a r c h  o f  MEDLINE a n d  b y  a n  a s s e s s -  

m e n t  o f  t h e  b i b l i o g r a p h i e s  o f  p u b l i s h e d  s t u d i e s .  

STUDY SELECTION: Tria l s  w e r e  i n c l u d e d  i n  t h e  a n a l y s i s  i f  

t h e i r  p a t i e n t s  w e r e  r a n d o m l y  a l l o c a t e d  to  a t r e a t m e n t  o r  c o n -  

t ro l  group,  e n r o l l e d  w i t h i n  7 2  h o u r s  f o l l o w i n g  a n / x o d e s  t i c k  

b i te ,  a n d  h a d  n o  c l i n i c a l  e v i d e n c e  o f  L y m e  d i s e a s e  at  enro l l -  

m e n t .  T h r e e  t r ia l s  w e r e  s e l e c t e d  for  r e v i e w  a f ter  i n c l u s i o n  

c r i t e r i a  w e r e  appl ied .  

DATA EXTRACTION: D a t a  w e r e  e x t r a c t e d  for  de ta i l s  o f  s t u d y  

des ign ,  p a t i e n t  c h a r a c t e r i s t i c s ,  i n t e r v e n t i o n s ,  d u r a t i o n  o f  

therapy ,  and  n u m b e r  o f  adverse  e v e n t s  in  e a c h  a r m  of  t h e r a p y .  

RESULTS OF DATA SYNTHESIS: A m o n g  t h e  6 0 0  p a t i e n t s  

w i t h  / x o d e s  t i c k  b i t e s ,  t h e  ra te  o f  i n f e c t i o n  i n  t h e  p l a c e b o  

g r o u p  w a s  1.4%. In  c o n t r a s t ,  p a t i e n t s  w h o  r e c e i v e d  a n t i b i o t i c  

p r o p h y l a x i s  h a d  a 0% i n f e c t i o n  rate .  T h e  p o o l e d  o d d s  rat io ,  

c o m p a r i n g  p r o p h y l a x i s  to  p lacebo ,  w a s  0 . 0  (95% c o n f i d e n c e  

i n t e r v a l  0 .0 ,  1.5) (p --- .12).  

CONCLUSIONS: T h e  ava i lab le  e v i d e n c e  to  da te  s u g g e s t s  t h a t  

t h e  r o u t i n e  u s e  o f  a n t i b i o t i c  p r o p h y l a x i s  for  t h e  p r e v e n t i o n  

o f  L y m e  d i s e a s e  r e m a i n s  u n c e r t a i n .  M e t a - a n a l y s i s  o f  t h e  c o n -  

t r o l l e d  t r i a l s  fa i l ed  t o  e s t a b l i s h  d e f i n i t i v e  t r e a t m e n t  e f f i c a c y  

o w i n g  t o  t h e  s m a l l  s a m p l e  s i z e  o f  t h e  c o m b i n e d  tr ia l s  a n d  t h e  

l o w  r a t e s  o f  i n f e c t i o n  f o l l o w i n g  a deer  t i c k  b i te .  A larger  ran-  

d o m l z e d  tr ia l  i s  n e e d e d  to  d e m o n s t r a t e  d e f i n i t i v e l y  t h a t  pro-  

p h y l a x i s  i s  m o r e  e f f e c t i v e  t h a n  p lacebo  in  r e d u c i n g  t h e  r i s k  

o f  e a r l y  L y m e  d i s e a s e  i n  e n d e m i c  areas .  

K E Y  WORDS: L y m e  d i s ease ;  p r e v e n t i o n ;  t i c k  bi te;  m e t a -  

a n a l y s i s ;  a n t i b i o t i c  p r o p h y l a x i s .  
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L Yme disease is the most  common vector-borne disease 

in the United States, with more than  50,000 cases re- 

ported to the Centers for Disease Control and Prevention 

(CDC) since 1982.1 Clinical manifestat ions range from an 

expanding rash, erythema migrans,  to a mul t i sys tem dis- 

order with prominent  neurologic and rheumatologic in- 

volvement. In an  effort to prevent  the morbidity associ- 

ated with Borrelia burgdorferi infection, several trials of 

antimicrobial  prophylaxis following Ixodes tick bites have 

been conducted in endemic areas. 24 Although all trials 

have demonst ra ted  an effect in favor of prophylactic treat- 

ment  with antibiotics, no trial to date has  demonstrated,  

with statistical significance, that  adminis ter ing prophy- 

lactic antibiotics is effective in preventing Lyme borrelio- 

sis after an Ixodes scapularis bite. Because the risk of in- 

fection appears  to be low (1.0% to 3.5%), the trials'  

investigators believed the inability to establish t rea tment  

efficacy in individual studies was due to small sample size. 

In this s tudy we perform a meta-analysis  of pub- 

lished data  to determine if antibiotic prophylaxis following 

Ixodes tick bites is effective in reducing the risk of devel- 

oping Lyme disease. This technique allows us  to improve 

the ability to detect small differences in infection rates be- 

tween antibiotic and placebo groups. We can also esti- 

mate  more precisely the magni tude  of benefit derived from 

antimicrobial  prophylaxis. 

METHODS 

Selection of Trials and Acquisition of Data 

We conducted a MEDLINE search from 1983 to 1995 

to identify all published trials of antibiotic prophylaxis for 

the prevention of Lyme disease using the combinations:  

"Lyme disease and Prevention," "Lyme disease and Pro- 

phylaxis," and "Lyme disease and Trial." Bibliographies 

from retrieved articles were examined to identify any 

other relevant trials. Trials were included in the analysis 

if they were published in the English language and if their  

pat ients  were randomly allocated to a t rea tment  group, 

enrolled within 72 hours  following an Ixocles tick bite, and 

had no clinical evidence of Lyme disease at enrollment.  

We extracted data from the eligible trials including 

their  year of publication, pat ient  demographics,  the num-  

ber of pat ients  enrolled in and completing the trial, inclu- 

sion criteria, the antimicrobial  agent  used (including 

dose, schedule,  and durat ion of therapy), and the dura-  

tion of patient follow-up. We also extracted from the in- 

cluded trials the number  of subjects  that  experienced an 

adverse event in each arm of therapy. An adverse event 

was defined as the development  of erythema migrans at 

the site of the tick bite, or symptoms compatible with 
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ear ly  d i s s e m i n a t e d  d i s e a s e  (e.g., s e v e n t h  c ran ia l  ne rve  

palsy) or  la te  Lyme d i s e a s e  (e.g., a r thr i t i s )  c o n f i r m e d  by  

s e r o c o n v e r s i o n .  An a s y m p t o m a t i c  in fec t ion  w a s  cons id -  

e red  a n  a d v e r s e  even t  only  if s e r o c o n v e r s i o n  w a s  con-  

Firmed by  a n  i m m u n o b l o t  a s s a y  or by  s t r o n g  ev idence  of 

Lyme d i s e a s e  on  fol low-up.  D i s a g r e e m e n t s  r ega rd ing  the  

n u m b e r  of adve r se  even t s  in  e a c h  tr ial  were  reso lved  by  

d i s c u s s i o n  a n d  c o n s e n s u s .  

Statistical Methods 

An exac t  s t ra t i f ied  ana lys i s ,  u s i n g  EGRET c o m p u t e r  

so f tware  ~ w a s  u s e d  to e s t i m a t e  t he  o d d s  ra t io  a n d  i ts  95% 

con f idence  in te rva l  (CI) for e a c h  trial,  e s t i m a t e  t he  com-  

m o n  o d d s  ra t io  a n d  i t s  95% CI for all t r ia ls  c o m b i n e d ,  a n d  

c o m p u t e  a t e s t  of h o m o g e n e i t y  to obse rve  the  c o n s i s t e n c y  

b e t w e e n  tr ial  r e su l t s .  B e c a u s e  of t he  low sens i t iv i ty  of 

t e s t s  of  h o m o g e n e i t y  to de t ec t  s ign i f ican t  he t e roge n e i t y  

a m o n g  tr ial  r e su l t s ,  a va lue  o f p  < . 10 w a s  u s e d  to def ine  

he te rogene i ty .  6 

The  overall  in fec t ion  r a t e s  for t he  an t ib io t ic  p r o p h y -  

laxis  a n d  p lacebo  g r o u p s  were  d e t e r m i n e d  as  t he  s u m  of 

t h e  a d v e r s e  e v e n t s  divided by  the  to ta l  n u m b e r  of s u b j e c t s  

in  t he  group .  The  95% CI w a s  c o m p u t e d  u s i n g  a n  exac t  

m e t h o d .  7 

A sens i t iv i ty  a na ly s i s  w a s  p e r f o r m e d  by  i n c l u d i n g  a 

r e t ro spec t ive  c o h o r t  s tudy ,  a w h i c h  w a s  init ially ex c l u d e d  

f rom the  s t u d y  se lec t ion.  

RESULTS 

Study Selection 

Of 225 r e f e r e n c e s  (from MEDLINE) e x a m i n e d  in ab-  

s t r a c t  form,  15 cl inical  t r ia l s  were  ident i f ied  a n d  e x a m -  

ined.2 4. 8-19 Three  t r ia l s  m e t  all ou r  i nc lu s ion  cr i ter ia .  2-4 

Ten  t r ia l s  were  e x c l u d e d  b e c a u s e  t h e y  e x a m i n e d  the  effect  

of  an t ib io t ic  t h e r a p y  in  p a t i e n t s  w i th  e s t a b l i s h e d  Lyme 

d i sease .  9-18 One  tr ial  was  e x c l u d e d  b e c a u s e  it w a s  a re t ro-  

spec t ive  obse rva t i ona l  s t u d y  t h a t  c o m p a r e d  the  effect  of 

an t ib io t ic  p r o p h y l a x i s  w i t h i n  2 w e e k s  of a n  I x o d e s  bi te  

w i th  t h a t  of  no  the rapy ,  s One  tr ial  w a s  e x c l u d e d  b e c a u s e  

it w a s  a dup l i ca t i on  of tr ial  r e s u l t s  r e p o r t e d  in a b s t r a c t  

form 2 y e a r s  pr ior  to i ts  fu l l - length  pub l i ca t ion .  19 One  tr ial  

w a s  e x c l u d e d  b e c a u s e  it w a s  still in p r o g r e s s  a n d  h a d  n o t  

b e e n  u n b l i n d e d .  2° No o t h e r  t r ia ls  ident i f ied  f rom the  bibli-  

o g r a p h i e s  of re t r ieved  a r t ic les  were  i n c l u d e d  in to  t he  

m e t a - a n a l y s i s .  

Study Characteristics and Methodologic Issues 

Table  1 s u m m a r i z e s  s t u d y  c h a r a c t e r i s t i c s  of t he  t h r e e  

t r ia ls  i n c l u d e d  for ana lys i s .  2-4 All t h r ee  were  c o n d u c t e d  in 

a r e a s  w h e r e  Lyme d i s e a s e  is endemic :  Madison ,  C o n n e c t -  

icut ,  2 n o r t h e r n  W e s t c h e s t e r  County ,  New York, 3 a n d  Mid- 

d le town,  C o n n e c t i c u t .  4 A to ta l  of 639 p a t i e n t s  were  en-  

rol led in t he  tr ials .  The  tota l  n u m b e r  c o m p l e t i n g  t h e  

s t u d i e s  w a s  6 0 0 : 3 0 8  in t he  an t ib io t ic  p r o p h y l a x i s  g r o u p  

a n d  292 in t he  p lacebo  group .  All t r ia ls  enro l led  p a t i e n t s  

wi th  an  I x o d e s  t ick bi te  w i t h i n  t he  p r e c e d i n g  72 h o u r s .  

Both  a d u l t s  a n d  c h i l d r e n  were  enro l led  in two of t he  t h r e e  

tr ials ,  2.4 whi le  one  tr ial  en ro l l ed  only c h i l d r e n  b e t w e e n  t h e  

ages  of 3 a n d  19. 3 The  p e r c e n t a g e  of m a l e s  in t he  tr ial  var-  

ied f rom 36% 4 to 49%. 3 P a t i e n t s  were  e x c l u d e d  f rom the  

t r ia ls  if t h e y  were  p r e g n a n t ,  24 were  allergic to penici l l in,  2'4 

were  u n d e r g o i n g  an t imic rob i a l  the rapy ,  2-4 were  l e s s  t h a n  

5 y e a r s  of age, 4 h a d  IgG a n t i b o d i e s  to B b u r g d o r f e r i  a t  t he  

t ime  of en ro l lmen t ,  2 were  b i t t e n  by a t ick  o t h e r  t h a n  a n  Ix- 

o d e s  spec ies ,  2-4 were  a l r eady  s y m p t o m a t i c  w i th  Lyme dis-  

ease ,  4 or were  po ten t ia l ly  in fec ted  wi th  B b u r g d o r f e r i  by  a 

p rev ious  t ick bi te  b e t w e e n  72 h o u r s  a n d  6 w e e k s  before  

en ro l lmen t .  2 

In two of t h e  t h ree  t r ia ls  t h e  m e t h o d  of r a n d o m i z a t i o n  

w a s  r epor t ed .  2-3 In one  tr ial  a t ab le  of r a n d o m  n u m b e r s  

Table I. Study Characteristics of Included Trials 

Duration Duration 
Patients Daily of of 
Enrolled Patient Antibiotics Dose Therapy Follow-up 

Trial Source, Year State (Completed) Characteristics Used (mg/d) (d) (yr) 

Shapiro et al., 2 1992 Conn. 387 (365) Adults  and children Amoxicillin 750 10 1 
enrolled at one 
site* 

Agre and  Schwartz,  a 1993 NY 184 (179) Children enrolled at Penicillin or 1,000 10 1-3 
one pediatric tetracycline 
practice ~ 

Costello et al., 4 1989 Conn. 68 (56) Adults  and  chi ldren Penicillin 1,000 10 0.5-1 
enrolled at 
multiple practice 
sitest  

*Of the pa t ien ts  enrolled, 51% were  adul ts  a n d  490/o were  children. The mean  age w a s  47  years  for  adul ts  and  6 years  for  children. 
~The ages  of  the  children ranged  f r o m  3 to 19 years.  The med ian  age w a s  6 years .  
~The m e a n  age o f  the pa t ien ts  w h o  completed the s t u d y  w a s  37  years  (range 5 to 85 years). The percentage  o f  adul ts  or children w a s  not re- 
ported. 
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was  u s e d  to a s s ign  pa t i en t s  to a t r e a t m e n t  group,  2 and  in 

t he  o t h e r  trial the  r e su l t  of  a coin  flip r ecorded  in a d v a n c e  

on  ca rds  se lec ted  "blindly" by a th i rd  p e r s o n  was  used .  3 In 

all t h ree  tr ials ,  t he  b l ind ing  of  pa t i en t s  w a s  pe r fo rmed  by 

giving t h e m  ident ica l - looking  tablets ,  capsu les ,  or  l iquid  

s u s p e n s i o n s .  The  s u c c e s s  of  pa t i en t  b l ind ing  was  as-  

s e s sed  in only one  s tudy.  2 In all th ree  trials,  phys i c i ans  

were  r epor t ed  to be  b l inded  to the  t r e a t m e n t  a l locat ion;  

however ,  no  tr ial  r epor t ed  how phys i c i an  b l ind ing  was  as-  

sessed .  One  trial m e a s u r e d  compl i ance  to the  an t ib io t ic  

r eg imen  by a s s e s s i n g  the  an t imic rob ia l  act ivi ty  of  the  

ur ine .  2 Only  42% of the  s p e c i m e n s  f rom the  amoxici l l in-  

t r ea t ed  g roup  exhib i ted  an t imic rob ia l  activity.  2 

Dosages  and  p r e p a r a t i o n s  of an t ib io t ics  t e s ted  var ied  

a m o n g  trials.  One  trial  u s e d  amoxici l l in  tab le t s  for adu l t s  

and  a l iquid  s u s p e n s i o n  of  amoxic i l l in  for chi ldren.  2 One  

tr ial  u s e d  a l iquid  s u s p e n s i o n  of penic i l l in  for ch i ld ren  

less  t h a n  9 y e a r s  of  age (59 pat ients)  a n d  te t racyc l ine  cap-  

su les  for ch i ld ren  9 yea r s  or  older  (30 pat ients) .  3 One  trial  

u s e d  penic i l l in  t ab le t s  for all pa t ien ts ,  b o t h  ch i ld ren  and  

adul ts .  4 Penici l l in  or  t e t racyc l ine  was  a d m i n i s t e r e d  4 

t imes  a day, a n d  amoxic i l l in  3 t imes  a day. 

Adverse  reac t ions  to an t ib io t ics  were  r epor t ed  in all 

t h ree  trials.  In  the  g roups  receiv ing ant ib iot ics ,  one  s t u d y  

r epor t ed  t h a t  2 (1%) of  205 pa t i en t s  developed a r a s h  to 

amoxici l l in ,  2 a n o t h e r  t r ial  found  1 (4%) of 27 pa t i en t s  de- 

ve loped  a r a s h  a t t r i bu t ab l e  to penicil l in,  4 whi le  no adver se  

r eac t ions  to an t ib io t ics  were  repor ted  in the  th i rd  trial.  3 

Se r i ous  adve r se  r eac t ions  s u c h  as  anaphy lax i s  were  n o t  

r epor t ed  f rom any  of t he  trials.  

D r o p o u t  a n d  exc lus ion  r a t e s  of  pa t i en t s  were  gener -  

al ly low. In one  trial 15 pa t i en t s ,  9 {4.4%) in the  amoxic i l -  

l in  g roup  and  6 (3.3%) in the  p lacebo  group,  d ropped  ou t  

p r imar i ly  by re fus ing  fol low-up v e n i p u n c t u r e .  2 In the  

s a m e  trial,  7 pa t i en t s  (1.9%) were  exc luded  f rom sta t is t i -  

cal  ana lys i s  b e c a u s e  they  had  serologic ev idence  (IgG en-  

zyme- l inked  i m m u n o s o r b e n t  a s s a y  [ELISA]) of p a s t  infec- 

t ion wi th  B b u r g d o r f e r i  at  the  t ime  of enro l lment .  2 In 

a n o t h e r  trial,  5 pa t i en t s  (2.7%} were  exc luded  f rom ana ly-  

sis, 4 b e c a u s e  an  i n t e r c u r r e n t  i l lness  r equ i r ed  ant ib io t ic  

t h e r a p y  and  1 b e c a u s e  the  pa t i en t  r e fused  fol low-up veni-  

p u n c t u r e .  3 In the  th i rd  trial,  12 pa t i en t s  (18%) were  ex- 

c luded  f rom analys is ,  5 (16%) in t he  penic i l l in  g roup  a n d  

7 (19%) in the  placebo,  for fa i lure  to r e t u r n  for fol low-up 

v e n i p u n c t u r e .  4 

In two of th ree  tr ials  t he  t icks  t h a t  were  p r e s e n t e d  to 

or  r emoved  by the  phys i c i an  were  tes ted  for t he  p r e sence  

of  B b u r g d o r f e r i  by i m m u n o f l u o r e s c e n c e  or  p o l y m e r a s e  

cha in  react ion .  2-4 The  overal l  pe rcen t age  of infected t icks  

was  15% in one  trial,  2 and  29% in the  o the r  trial.  4 Shap i ro  

et  al. r epor t ed  t h a t  30 (16%) of 185 t icks  s u b m i t t e d  f rom 

the  amoxic i l l in  g roup  and  23 I14%) of  159 t icks  f rom the  

p lacebo  g roup  were  infected wi th  B burgdor f e r i .  2 Costel lo  

et  al. found  6 (29%) of 21 eva luab le  t icks  infected;  3 e a c h  

in t he  p lacebo  a n d  ant ib io t ic  groups .  4 The  pe r cen t age  in- 

fected in each  group,  however ,  was  no t  repor ted.  All t r ia ls  

m e a s u r e d  s e r u m  an t ibod ies  aga ins t  B b u r g d o r f e r i  at  pre-  

s e n t a t i o n  and  on follow-up.  Two tr ials  u s e d  an  ELISA 

method ,  2,4 and  one  u s e d  an  i m m u n o f l u o r e s c e n c e  assay .  3 

One  trial  conf i rmed  posi t ive ELISA re su l t s  wi th  i m m u n o -  

blot t ing.  2 A l t h o u g h  pro tocols  va r ied  a m o n g  the  trials,  pa-  

t i en t s  were  per iodical ly  e x a m i n e d  for cl inical  s igns  of  

Lyme d i sease  by d i rec t  pa t i en t  visits,  m o n i t o r e d  by peri-  

odic t e l ephone  calls,  a n d  i n s t r u c t e d  to r e t u r n  for a follow- 

up  vis i t  if s y m p t o m s  or s igns  of Lyme d i sease  developed.  

Meta-analysis 
S t u d y  resu l t s  of i nc luded  tr ials  a re  s u m m a r i z e d  in 

Table  2. The  ra te  of  a c q u i r i n g  Lyme d i sease  a m o n g  sub-  

j e c t s  w h o  rece ived  an t ib io t ic  p rophy lax i s  was  0% in  all 

th ree  trials,  while  the  ra te  of infect ion a m o n g  the  p lacebo  

g roups  r anged  f rom 1.1% to 3.4%. The  overal l  we igh ted  

ra te  of infect ion wi th  Lyme d i sease  following an  I x o d e s  

t ick  bi te  in the  p lacebo  g roup  was  e s t i m a t e d  a t  1.4% (95% 

CI 0.4%, 3.5%), a n d  the  overal l  we igh ted  ra te  of  infec t ion  

wi th  Lyme d i sease  in the  p rophylax i s  g roup  was  est i-  

m a t e d  a t  0 .0% (95% CI 0.0%, 1.2%). For  each  trial  the  

Table 2. Study Results of Inc luded Trials 

Infection Rate* (%) 
Patients 

Trial Source (n) Treatment Placebo Odds Ratio t (95% Cl) p Value 

Shapiro et al. 2 365 0 /192  (0.0) 2 /173  (1.2) 0.0 (0.0, 4.8) 0.45 
Agre and Schwartz  3 179 0 / 8 9  (0.0) 1 /90  (1.1) 0.0 (0.0, 39.4) 1.00 
Costello et al. 4 56 0 / 2 7  (0.0) 1 /29  (3.4) 0.0 (0.0, 41.9) 1.00 
Falco and Fish 8,1 71 0 /31  (0.0) 2 / 4 0  (5.0) 0.0 (0.0, 6.9) 0.63 
Pooled results§ 600 0 / 3 0 8  (0.0)ll 4 / 2 9 2  (1.4) ~ 0.0 (0.0, 1.5) 0.12 

*Defined as  the number  (n) of  L y m e  d i s e a s e  cases  that deve loped  in the total number  (N) of  s t u d y  pat ients  allocated to treatment  or placebo. 
÷ Value reflects the ratio o f  the odds  of  having an  infection on prophylaxis  to the odds  o f  having an  infection on placebo therapy. OR < I im- 
plies that  prophylaxis  is more effective than placebo; OR > 1 implies that prophylaxis  is less  effective than  placebo; OR = 1 implies equal ef- 
f e c t i v e n e s s  f o r  both therapies.  

Trial 8 included only in the sensi t iv i ty  analys is .  
§Data pooled f r o m  three trials9 .a 4 
lithe 95% C] o f  the overall infection rate on antibiotic therapy w a s  0.0%, to 1.2%. 

t h e  95% CI o f  the overall infection rate on placebo therapy w a s  O. 4% to 3.5%. 
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o d d s  r a t i o  (OR) e s t i m a t e d  w a s  0 .0  (in favor  of the rapy) ,  

a n d  it  w a s  n o t  s t a t i s t i c a l l y  s i gn i f i c an t  in  al l  t h r e e  t r ia ls .  

T h e  poo led  OR, w h i c h  i n c l u d e d  6 0 0  p a t i e n t s ,  w a s  est i -  

m a t e d  a t  0 .0  (95% CI 0.0,  1.5; p = .12). T h e  t e s t  of h o m o -  

gene i ty  of t h e  ORs  fai led to d e t e c t  a n y  s i gn i f i c an t  h e t e r o -  

gene i ty  of t h e  ORs  a m o n g  t h e  t h r e e  t r i a l s  (p = 1.00). 

Sensitivity Analysis 

T h e  i n c l u s i o n  of  a t r i a l  w i t h  w e a k e r  m e t h o d o l o g i c  

s t a n d a r d s  d id  n o t  a l t e r  t h e  poo led  OR e s t i m a t e  w i t h  t h e  

e x c e p t i o n  of i m p r o v i n g  t h e  p r e c i s i o n  of  o u r  r e s u l t s  (na r -  

r o w i n g  of t h e  CIs}. T he  t r i a l  b y  Fa lco  e t  al. h a d  a n  infec-  

t i o n  r a t e  of 5% a m o n g  u n t r e a t e d  p a t i e n t s ,  8 w h i c h  w a s  

s u b s t a n t i a l l y  l a r g e r  t h a n  t h a t  for  t h e  p r o s p e c t i v e  t r ia l s .  

O u r  poo led  OR e s t i m a t e  w a s  0 .0  (95% CI 0.0,  0.9) a n d  

a c h i e v e d  s t a t i s t i c a l  s i gn i f i c ance  (p = .04/. 

DISCUSSION 

T h e  ava i l ab l e  ev idence  to d a t e  does  n o t  s h o w  conc lu -  

s ively t h a t  t h e  r o u t i n e  u s e  of a n t i b i o t i c  p r o p h y l a x i s  for t h e  

p r e v e n t i o n  of  Lyme d i s e a s e  a f t e r  Ixodes t i ck  b i t e s  is w a r -  

r a n t e d .  A l t h o u g h  p a t i e n t s  t r e a t e d  w i t h  a n t i b i o t i c s  f rom 

e a c h  of t h e  t h r e e  t r i a l s  d e m o n s t r a t e d  a la rge  b u t  n o n s i g -  

n i f i c a n t  r e d u c t i o n  in  t h e  r i s k  of a c q u i r i n g  Lyme d i s ea se ,  

m e t a - a n a l y s i s  of t h e  c o n t r o l l e d  t r i a l s  cou ld  n o t  exc lude  

t h e  poss ib i l i t y  t h a t  p r o p h y l a x i s  is n o t  m o r e  effective t h a n  

p l a c e b o  (OR 0.0;  9 5 %  CI 0.0,  1.5; p = .12). F u r t h e r ,  t h e  

u p p e r  l imi t  of o u r  CI i n d i c a t e s  t h a t  t h e  d a t a  a r e  c o n s i s -  

t e n t  w i t h  a 5 0 %  i n c r e a s e  in  r i s k  of i n f ec t i on  i n  p a t i e n t s  on  

p r o p h y l a x i s .  In  c o n t r a d i s t i n c t i o n ,  o u r  p o i n t  e s t i m a t e  a n d  

t h e  lower  l imi t  of t h e  CI (OR 0.0) d id  n o t  e x c l u d e  a n e t  

bene f i c i a l  effect  in  favor  of  p r o p h y l a x i s .  

O u r  p o i n t  e s t i m a t e ,  in  c o n j u n c t i o n  w i t h  t h e  b io logica l  

p l a u s i b i l i t y  of Lyme d i s e a s e  p r e v e n t i o n  u s i n g  p r o p h y l a x i s ,  

t h e  c o n s i s t e n c y  of t h e  i n d i v i d u a l  t r ia l  r e s u l t s ,  a n d  t h e  fac t  

t h a t  n o  p a t i e n t  deve loped  Lyme d i s e a s e  o n  p r o p h y l a c t i c  

t h e r a p y ,  gives w e i g h t  to t h e  h y p o t h e s i s  t h a t  p r o p h y l a x i s  is 

effective. To i m p r o v e  t h e  p r e c i s i o n  of t h e  overa l l  ev idence ,  

however ,  f u t u r e  t r i a l s  of  Lyme p r o p h y l a x i s  m u s t  be  m u c h  

larger .  We e s t i m a t e  t h a t  a t r ia l  of  8 6 4  p a t i e n t s  in  e a c h  

g r o u p  is r e q u i r e d  to b e  8 0 %  c e r t a i n  of s h o w i n g  a signifi-  

c a n t  d i f fe rence  b e t w e e n  t h e  g r o u p s  a t  t h e  p = .05 level, 

w h e n  t h e  i n f e c t i o n  r a t e  in  t h e  p l a c e b o  a n d  p r o p h y l a x i s  

g r o u p s  a re  1 .4% a n d  0 .2%,  respec t ive ly .  21 T h i s  e x p r e s s e s  

a c o n s e r v a t i v e  re la t ive  r i s k  r e d u c t i o n  of  86%.  To d a t e  on ly  

6 0 0  p a t i e n t s  in  to t a l  h a v e  b e e n  r a n d o m i z e d .  

Desp i t e  t h e  l a ck  of p r e c i s i o n  of t h e  r e s u l t s ,  if p r o p h y -  

l ax i s  is t r u l y  effective, w h a t  w o u l d  t h e  m a g n i t u d e  of t h e  

c l in ica l  b e n e f i t  b e  a n d  w o u l d  t h e  b e n e f i t s  of  t h e r a p y  ou t -  

w e i g h  i t s  r i s k s ?  G i v e n  t h e  low o b s e r v e d  r i s k  of a c q u i r i n g  

Lyme d i s e a s e  i n f ec t i on  whi l e  o n  p l a c e b o  (1.4%) a n d  as -  

s u m i n g  a n  8 6 %  r e d u c t i o n  in  r i s k  o n  p r o p h y l a x i s ,  1 c a s e  

of Lyme d i s e a s e  is  p r e v e n t e d  for  every  83  p a t i e n t s  g iven  

a n t i b i o t i c s  fol lowing a n  Ixodes t i ck  bi te .  If t h e  r a t e  of de-  

v e l o p i n g  a r a s h  wh i l e  o n  amoxic i l l in  is  1%, t h e n  for  every  

10 c a s e s  of Lyme d i s e a s e  p r e v e n t e d ,  8 c a s e s  of r a s h  a re  

p r o d u c e d .  If t h e  r a t e  of d e v e l o p i n g  m i n o r  a d v e r s e  s ide  ef- 

fec ts  of amox ic i l l i n  is 4%, t h e n  for every  c a s e  of  Lyme dis-  

e a s e  p r e v e n t e d ,  t h r e e  i n d i v i d u a l s  will deve lop  m i n o r  s ide  

effects.  In  fact,  ff we a s s u m e  t h e  r a t e  of a n a p h y l a x i s  fol- 

lowing  amoxic i l l i n  a d m i n i s t r a t i o n  is 0 .1%, 22 t h e n  for every  

10 c a s e s  of ea r ly  Lyme d i s e a s e  p r e v e n t e d ,  1 s eve re  life- 

t h r e a t e n i n g  r e a c t i o n  w o u l d  b e  expec ted .  

B e c a u s e  t h e  c h a n c e  of m i s s i n g  ea r ly  Lyme d i s e a s e  

fol lowing a r ecogn ized  t i ck  b i t e  is ve ry  smal l ,  i t  m a y  b e  a r -  

g u e d  t h a t  t h e  m o r e  r ea l i s t i c  b e n e f i t  of p r o p h y l a x i s  to b e  

m e a s u r e d  is t h e  n u m b e r  of  p a t i e n t s  n e e d e d  to t r e a t  to  

p r e v e n t  s e r i o u s  s e q u e l a e  of Lyme d i s e a s e  (cardiac ,  n e u r o -  

logic, a n d  rheumato log ic} .  As  n o  c a s e s  of d i s s e m i n a t e d  or  

l a t e  d i s e a s e  deve loped  in  p e r s o n s  o n  p l a c e b o  t h e r a p y  d u r -  

ing  t h e  fo l low-up p e r i o d  in  t h i s  a n a l y s i s ,  i t  m a y  a p p e a r  fu-  

tile, c a u s i n g  m o r e  h a r m  t h a n  good,  to p rov ide  p r o p h y l a x i s  

to all  p a t i e n t s  b i t t e n  b y  a n  Ixodes t i ck  e v e n  in  e n d e m i c  

a r e a s .  Owing  to t h e  s m a l l  t r ia l  s izes,  however ,  n o  p rec i se  

e s t i m a t e s  c a n  b e  m a d e  r e g a r d i n g  t h e  i n c i d e n c e  r a t e s  of 

m a j o r  s e q u e l a e  f rom p a t i e n t s  w h o  d id  n o t  deve lop  

e r y t h e m a  m i g r a n s  f rom t h e s e  t h r e e  t r i a l s  or  t h e  t r u e  inc i -  

d e n c e  r a t e  of a n a p h y l a x i s .  
In s u m m a r y ,  a l a r g e r  r a n d o m i z e d  t r ia l  of a n t i b i o t i c  

p r o p h y l a x i s  for t h e  p r e v e n t i o n  of Lyme d i s e a s e  a f t e r  a n  

Ixodes t i ck  b i t e  is n e e d e d  to e s t i m a t e  m o r e  p rec i se ly  t h e  

m a g n i t u d e  of t h e  b e n e f i t s  a n d  r i sks ,  in  p a r t i c u l a r  t h e  

r i s k s  of  a c q u i r i n g  la te  s e q u e l a e  of t h e  d i s e a s e  if i t  goes  u n -  

de t ec t ed ,  a n d  to d e m o n s t r a t e  def in i t ively  t h a t  p rophy l axJ s  

is m o r e  effect ive t h a n  p l a c e b o  in  r e d u c i n g  t h e  r i s k  of ac-  

q u i r i n g  ear ly  Lyme d i s e a s e  in  e n d e m i c  a r eas .  Fo r  t h e  

p r e s e n t ,  e v e n  in  h igh ly  e n d e m i c  a r e a s ,  too m u c h  u n c e r -  

t a i n t y  ex i s t s  a b o u t  t h e  b e n e f i t s  a n d  r i s k s  of a n t i m i c r o b i a l  

p r o p h y l a x i s  to p r e v e n t  Lyme d i s e a s e  a f t e r  a t i ck  b i t e  to 

w a i T a n t  i t s  r o u t i n e  u s e  in  all  p a t i e n t s .  
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