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Citizen science 

s u m m a r y 

Objectives: A single dose of doxycycline after a tick bite can prevent the development of Lyme borreliosis 

in North America, but extrapolation to Europe is hampered by differences in Borrelia burgdorferi sensu 

lato genospecies and tick species. We assessed the efficacy of prophylaxis after a tick bite in Europe. 

Methods: We conducted an open-label randomized controlled trial, administering a single dose of 200 mg 

doxycycline within 72 h after removing an attached tick from the skin, compared to no treatment. Poten- 

tial participants ≥ 8 years of age who reported a recent tick bite online were invited for the study. After 

informed consent, they were randomly assigned to either the prophylaxis or the no-treatment group. 

Participants in the prophylaxis group were asked to visit their general practitioner to administer the 

antibiotics. All participants were followed up by online questionnaires. Our primary outcome was the de- 

velopment of physician-confirmed Lyme borreliosis in a modified-intention-to-treat analysis. This study 

is registered in the Netherlands Trial Register (NTR3953) and is closed. 

Results: Between April 11, 2013, and June 10, 2015, 3538 potential participants were randomized, of 

whom 1689 were included in the modified-intention-to-treat analysis. 10 cases of Lyme borreliosis were 

reported out of 1041 participants (0.96%) in the prophylaxis group, and 19 cases out of 648 no-treatment 

participants (2.9%), resulting in a relative risk reduction of 67% (95% CI 31 - 84%), and a number-needed- 

to-treat of 51 (95% CI 29 - 180). No serious adverse events were reported. 

Conclusions: This primary care-based trial provides evidence that a single dose of doxycycline can prevent 

the development of Lyme borreliosis after an Ixodes ricinus tick bite. 

© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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Introduction 

Lyme borreliosis is the most prevalent tick-borne disease in the

northern hemisphere. 1 Over the last decades, marked increases in

the incidence of Lyme borreliosis have been reported in several

Western European countries and the United States (US), with sub-

stantial impact on public health. 2–6 Erythema migrans is the most
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ommon early skin manifestation of the disease, and responds well

o antibiotic treatment. 7 However, erythema migrans is often not

bserved preceding disseminated Lyme borreliosis manifestations

uch as neuroborreliosis, Lyme arthritis and Lyme carditis. 7–9 

Antibiotic prophylaxis after a tick bite could reduce the mor-

idity of Lyme borreliosis, especially in infected people who would

evelop disseminated Lyme borreliosis without observing a pre-

eding erythema migrans. 10 , 11 Since 2006, prophylaxis is men-

ioned in the US guideline for Lyme borreliosis as an optional pre-

entive treatment, based on a study in an endemic area in the

S, where a single dose of 200 mg doxycycline prophylaxis was

hown to reduce the risk of Lyme borreliosis after a tick bite by

xodes scapularis ticks. 12 , 13 Medical guidelines in the Netherlands

lso mention such prophylaxis as a treatment option, besides an
eserved. 
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xpectant policy, when a patient presents with a tick bite with

ore than 24 h attachment time. 14 

In Europe however, the main vector for Lyme borreliosis is I.

icinus, which transmits B. burgdorferi sensu lato (s.l.) earlier after

ttachment than I. scapularis, the main vector in the US. 15–18 More-

ver the predominant B. burgdorferi s.l. genospecies in Europe are

lso different from those in the US, 19 which raises the question

o what extent results for the US can be extrapolated to a Euro-

ean setting. Therefore, the objective of this study was to evaluate

he efficacy of prophylactic treatment with a single dose of 200 mg

oxycycline to prevent Lyme borreliosis after an Ixodes ricinus tick

ite compared to no treatment. 

ethods 

tudy design and participants 

We conducted an open-label randomized controlled trial in the

etherlands for which participants were recruited through the cit-

zen science website www.tekenradar.nl , where each year around

.0 0 0 tick bites are reported. 20 Individuals of at least 8 years old

ere eligible for the study if they reported a tick bite within 72 h

fter removal and collection of the tick, and if they did not re-

ort any other tick bites in the past three months, nor reported

ny contraindications for treatment with doxycycline such as preg-

ancy or allergies. 

After online invitation and informed consent for the study, in-

itees printed and signed their written informed consent form and

ent this to us by regular mail, together with their tick. The study

as approved by the medical ethics committee Noord-Holland

CCMO registration number NL42713), and was performed accord-

ng to the Declaration of Helsinki. 

andomization 

Participants were randomly allocated to receive either antibi-

tic prophylaxis or no treatment. Randomisation was computerised

ithin the online study website, with a 1:1 ratio between the pro-

hylaxis and the no-treatment group. This ratio was adapted step-

ise to a 7:3 ratio to maintain study power as during the study

e observed a higher crossover from the prophylaxis to the no-

reatment group – i.e. failure to take prophylaxis – as well as a

igher loss to follow-up in the prophylaxis group. 

rocedures 

At inclusion, participants were asked to fill out an online ques-

ionnaire regarding the date of their tick bite, duration of tick

ttachment, development of erythema migrans or other possible

anifestations of Lyme borreliosis, 7 the use of any antibiotics or

ther medications in the past two weeks and comorbidities in

he previous year. Participants in the prophylaxis group were then

sked to visit their general practitioner with an information let-

er in which we requested the prescription of a single dose of

00 mg doxycycline (or with a body weight below 50 kg a lower

ose of 4 mg/kg body weight) to be taken within 72 h after tick

emoval, after checking for contra-indications. For adequate treat-

ent, if needed, we instructed all participants (prophylaxis and

o-treatment group) to contact their general practitioner if symp-

oms possibly related to Lyme borreliosis occurred. One week and

ne month after inclusion participants filled out online follow-

p questionnaires inquiring about the use and timing of antibi-

tic prophylaxis, development and antibiotic treatment of possi-

le Lyme borreliosis, and development of adverse events. Three

onths after inclusion, and every subsequent three months until

8 months after inclusion, participants received further follow-up
uestionnaires about development and treatment of Lyme borrelio-

is, and other tick bites since inclusion. With written permission of

he participants, we verified any online report of possible develop-

ent and treatment of Lyme borreliosis with a paper questionnaire

o the participant’s general practitioner to confirm the diagnosis. 

ollected ticks 

Ticks were sent by regular mail either taped directly to the

ritten informed consent form, or in case of more engorged ticks

n an Eppendorf vial supplied to the participant. Upon reception,

icks were stored at -20 °C to be analysed in batches. Tick species,

evelopmental stage, gender and engorgement were examined by

icroscope. Degree of engorgement was determined visually and

et in 4 categories, from flat (score 0) to substantially engorged

score 3). 21 To isolate DNA, ticks with engorgement scores of 0

r 1 were boiled in ammonium hydroxide and for more engorged

icks the Qiagen (Valencia CA. USA) blood and tissue DNA extrac-

ion kit was used. 22 , 23 Presence of B. burgdorferi s.l. DNA was de-

ermined with a duplex quantitative QPCR using fragments of the

uter membrane protein A (OspA) gene and the flagellin B (FlaB)

ene as targets. 22 

utcome measures 

Our primary outcome measure was development of Lyme bor-

eliosis within 6 months after inclusion. Lyme borreliosis was de-

ned in two categories similar to Hofhuis et al.: 21 (1)“physician-

onfirmed erythema migrans” or (2)“physician-confirmed dissem- 

nated Lyme borreliosis”, in line with the clinical case definitions

or Lyme borreliosis described by Stanek et al. 7 As secondary out-

ome measures, tick factors that may predict the risk of Lyme bor-

eliosis were assessed, including duration of tick attachment, tick

ngorgement and tick infection with Borrelia burgdorferi s.l . 21 For

atient safety, all incoming questionnaires were monitored weekly

or reports of adverse events. 

tatistical analysis 

With a planned sample size of 2500 (1250 prophylaxis; 1250

o treatment), our study was designed to detect a 58% relative

isk reduction for the development of Lyme borreliosis in the pro-

hylaxis group assuming a Lyme borreliosis incidence in the no-

reatment group of at least 2%, as found in earlier studies (power

0%, alpha = 0.05). 21 , 24 

We performed both a modified-intention-to-treat and a per-

rotocol analysis. 

For the modified-intention-to-treat analysis participants were 

xcluded if they: a) reported chronic complaints attributed to Lyme

orreliosis at t = 0; b) did not timely finish their questionnaire

t t = 0; c) missed both of the questionnaires at t = 1 week and

 = 1 month; d) missed both of the questionnaires at t = 3 and 6

onths; e) reported new tick bites within 3 months after inclusion

nless Lyme borreliosis developed before these new tick bites; f)

t t = 0 reported medication use – other than the prescribed study

rophylaxis – which might have had an effect on the development

f Lyme borreliosis, such as immunosuppressants, other antibiotic

rescriptions than the study prophylaxis, or erroneously prescribed

tudy prophylaxis (i.e. other antibiotics than doxycycline, wrong

osage or taking the prophylaxis more than 72 h after removing

he tick); g) at t = 0 reported medication use that possibly had an

ffect on the efficacy of the prophylaxis such as antacids and anti-

pileptics. See also Fig. 1 and supplementary material Table S1. 

For the per-protocol analysis, we additionally excluded all par-

icipants that reported crossover between study groups. Some of

he participants in the prophylaxis group reported crossover to the

http://www.tekenradar.nl
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*see supplementary material table S1

19799 �ck bites no�fied

16262 excluded
14994 met at least 1 exclusion criterion
1268 declined to par�cipate in the study

3537 randomized

2217 randomly assigned to prophylaxis
463 excluded for missing wri�en IC 

1320 randomly assigned to no treatment
230 excluded for missing wri�en IC

1090 par�cipants allocated to 
no-treatment group

1754 par�cipants allocated to 
prophylaxis group

1041 included in mITT analysis 648 included in mITT analysis

442 excluded from mITT analysis 
for various reasons* 

713 excluded from mITT 
analysis for various reasons* 

794 included in PP analysis

247 addi�onal exclusions from 
PP analysis
- 3 developed an erythema 
migrans within 72 hours 
- 247 did not take prophylaxis

18 addi�onal exclusions from PP 
analysis
- 2 developed an erythema 
migrans within 72 hours 
- 16 did take prophylaxis

630 included in PP analysis

Fig. 1. Trial profile. mITT = modified intention-to-treat. PP = per-protocol. IC = informed consent ∗see supplementary material Table S1 for a complete list of exclusions 
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no-treatment group due to erythema migrans developed within

72 h after tick removal, which called for an immediate full an-

tibiotic treatment instead of the study prophylaxis. To balance the

per-protocol study groups, we therefore excluded all participants

diagnosed with Lyme borreliosis within 72 h after tick removal. 

For both the modified-intention-to-treat and per-protocol anal-

ysis, we used the Newcombe-Wilson method to estimate the ab-

solute risk in both groups, relative risk, relative risk reduction and

number-needed-to-treat to prevent one case of Lyme borreliosis. 25 

Since post-randomization exclusions may have biased the study

groups, we also used a permutation test of overall treatment ef-

fect with the data stratified over potential confounders in both the

modified-intention-to-treat and per-protocol populations to cor-

rect for possible biases. To explore ways of lowering the number-

needed-to-treat, we performed subgroup analyses for participants

with a higher risk of Lyme borreliosis according to their baseline

tick characteristics, such as an engorged tick, reported tick attach-

ment time of more than 24 h and B. burgdorferi s.l. positive ticks. 

R version 3.4.3 and the R packages coin and epitools were used

for the statistical analyses. This study was monitored by a clini-

cal research associate and is registered with the Netherlands Trial

Register, number NTR3953. 

2

ole of the funding source 

The funder of the study had no role in study design, data collec-

ion, data analysis, data interpretation, or writing of the report. The

orresponding author had full access to all the data in the study

nd had final responsibility for the decision to submit for publica-

ion. 

esults 

Fig. 1 shows that from April 11th, 2013 to June 10th, 2015

 total of 19,799 individuals notified a tick bite on the website

ww.tekenradar.nl of whom 4805 fulfilled the inclusion criteria

nd were invited to participate in the study. Of these, 3537 in-

ividuals provided digital informed consent of whom 2217 were

andomly allocated to the prophylaxis group and 1320 to the no-

reatment (control) group. After online randomization, a total of

93 individuals failed to supply written informed consent and

ould thus not be analysed in this study. The participants’ base-

ine characteristics age, sex, number of tick bites, and tick infec-

ion were well balanced for both study groups in the remaining

844 participants available for analyses ( Table 1 ). 

http://www.tekenradar.nl


M.G. Harms, A. Hofhuis and H. Sprong et al. / Journal of Infection 82 (2021) 98–104 101 

Table 1 

Characteristics of participants in both study groups for the randomized participants, modified-intention-to-treat analysis and the per-protocol analysis. 

Randomized population Modified-intention-to-treat population Per-protocol population 

Prophylaxis group 

( n = 1754) 

No-treatment 

group ( n = 1090) 

Prophylaxis group 

( n = 1041) 

No-treatment 

group ( n = 648) 

Prophylaxis group 

( n = 794) 

No-treatment 

group ( n = 630) 

Age, years ∗ 45. 8 (17.7) 45.4 (18.0) 44.8 (17.6) 44.7(18.2) 45.0 (17.1) 44.6(18.1) 

Sex 

Male 865 (49%) 538 (49%) 515 (49%) 330 (51%) 398 (50%) 322 (51%) 

Female 887 (51%) 552 (51%) 526 (51%) 318 (49%) 396 (50%) 308 (49%) 

Unknown 2 (0%) 0 (0%) 

History of Lyme borreliosis 

no previous 

episodes 

1593 (91%) 969 (89%) 964 (93%) 603 (93%) 727 (92%) 587 (93%) 

fully recuperated 

from previous 

episode 

142 (8%) 106 (10%) 77 (7%) 45 (7%) 67 (8%) 43 (7%) 

still suffering 

Lyme borreliosis 

symptoms 

19 (1%) 15 (1%) 

Number of tick bites 

1 tick 1490 (93%) 916 (93%) 970 (93%) 608 (94%) 738 (93%) 593 (94%) 

multiple ticks 119 (7%) 68 (7%) 71 (7%) 40 (6%) 56 (7%) 37 (6%) 

Tick stage ∗∗

Larva 19 (1%) 16 (2%) 15 (1%) 10 (2%) 11 (1%) 9 (1%) 

Nymph 1117 (72%) 696 (73%) 756 (73%) 469 (72%) 589 (74%) 461 (73%) 

Female 400 (26%) 235 (25%) 261 (25%) 164 (25%) 188 (24%) 156 (25%) 

Male 6 (0%) 2 (0%) 3 (0%) 1 (0%) 2 (0%) 1 (0%) 

Unknown 11 (1%) 5 (1%) 6 (1%) 4 (1%) 4 (1%) 3 (0%) 

Engorgement ∗∗

0 - flat 671 (42%) 403 (41%) 453 (44%) 274 (42%) 352 (44%) 268 (43%) 

1 - slightly 

engorged 

341 (21%) 202 (21%) 221 (21%) 138 (21%) 162 (20%) 134 (21%) 

2 - engorged 299 (19%) 183 (19%) 210 (20%) 121 (19%) 163 (21%) 118 (19%) 

3 - severely 

engorged 

207 (13%) 151 (15%) 135 (13%) 104 (16%) 102 (13%) 101 (16%) 

Unknown 91 (6%) 45 (5%) 22 (2%) 11 (2%) 15 (2%) 9 (1%) 

Tick attachment time 

less than 12 h 380 (22%) 239 (22%) 213 (20%) 151 (23%) 156 (20%) 148 (23%) 

12 to 24 h 333 (19%) 251 (23%) 193 (19%) 148 (23%) 142 (18%) 147 (23%) 

over 24 h 558 (32%) 339 (31%) 345 (33%) 193 (30%) 268 (34%) 183 (29%) 

Unknown 483 (28%) 261 (24%) 290 (28%) 156 (24%) 228 (29%) 152 (24%) 

Follow-up at 1 week and 1 month 

neither week nor 

month 

questionnaire 

100 (6%) 63 (6%) 

either week or 

month 

questionnaire 

186 (11%) 122 (11%) 106 (10%) 63 (10%) 40 (5%) 61 (10%) 

both week and 

month 

questionnaire 

1468 (84%) 905 (83%) 935 (90%) 585 (90%) 754 (95%) 569 (90%) 

Follow-up at 3 and 6 months 

neither 3 nor 6 

month 

questionnaires 

113 (6%) 81 (7%) 

either 3 or 6 

month 

questionnaires 

142 (8%) 101 (9%) 71 (7%) 54 (8%) 38 (5%) 51 (8%) 

both 3 and 6 

month 

questionnaires 

1499 (85%) 908 (83%) 970 (93%) 594 (92%) 756 (95%) 579 (92%) 

Tick infection with B. burgdorferi s.l. 

Negative in PCR 1222 (76%) 759 (77%) 825 (79%) 522 (81%) 644 (81%) 509 (81%) 

Positive in PCR 313 (19%) 183 (19%) 216 (21%) 126 (19%) 150 (19%) 121 (19%) 

Unknown 74 (5%) 42 (4%) 

∗ Mean age (standard deviation). 
∗∗ In case multiple ticks were sent in, the batch was classified as the tick with the highest risk of Lyme borreliosis. 
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For modified-intention-to-treat analysis, 1041 participants were

ncluded in the prophylaxis group and 648 in the no-treatment

roup ( Fig. 1 ). A total of 1155 participants was excluded because of

he acquisition of other tick bites in the first 3 months of the study,

ost to follow-up in the 6 months after inclusion, and/or various

ther reasons (supplementary material Table S1). Baseline charac-

eristics for both study groups remained similar ( Table 1 ). 
For the per-protocol analysis 794 participants were included

n the prophylaxis group and 630 in the no-treatment group, af-

er additional exclusion of 265 participants because of crossover

etween study groups and/or development of erythema migrans

ithin 72 h after tick removal ( Fig. 1 ). 

In the modified-intention-to-treat analysis, a total of 29 partici-

ants reported Lyme borreliosis, of which 28 (97%) were erythema
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migrans and 1 (3%) disseminated Lyme borreliosis (see case list

in supplementary material Table S2). Of these 29 cases, 10 out of

1041 (0.96%) were reported in the prophylaxis group and 19 out of

648 (2.9%) in the no-treatment group, resulting in a relative risk of

3.1 (95% CI 1.4 6.5, p-value = 0.003) and a number-needed-to-treat

of 51 (95% CI 29 - 180) to prevent one case of Lyme borreliosis.

This corresponds with a relative risk reduction of the prophylactic

treatment of 67% (95% CI 31 – 84%, Table 2 ). In the per-protocol

analysis ( n = 1424) a total of 22 participants reported development

of Lyme borreliosis of which 21 (96%) erythema migrans and 1

(4%) disseminated Lyme borreliosis (supplementary material, Table

S2). Five out of 794 (0.6%) were reported amongst the participants

who had taken prophylaxis according to the study protocol, and 17

out of 630 (2.7%) amongst the participants who did not take the

treatment, resulting in a relative risk of 4.3 (95% CI 1.59 - 11.55,

p-value = 0.002), a number-needed-to-treat of 48 (95% CI 28

- 150), and a relative risk reduction of 77% (95% CI 39 – 91%,

Table 2 ). 

Table 1 shows that the tick bite characteristics of participants in

the modified-intention-to-treat population were mostly similar in

the two study groups. We only observed a higher fraction of 12–

24 h reported duration of tick attachment ( p = 0.038) and a higher

fraction of more severely engorged ticks in the no-treatment group

( p = 0.090). When tested with the permutation test with the data

stratified over these two variables, the difference in risk between

the study groups in the modified-intention-to-treat analysis re-

mained significant ( p = 0.014). 

In the participants included in the per-protocol analysis most

tick bite characteristics were similar in the two study groups as

well; however, the difference in the distribution of tick attachment

duration was more marked than in the population for modified-

intention-to-treat analysis (p-values ranging from 0.013 to 0.090).

Tick engorgement still showed a possible non-random distribution

and additionally the no-treatment group also had a higher frac-

tion of missing questionnaires ( p = 0.001, in short-term follow-up

and p = 0.014 for 3-month follow-up). Despite these differences, we

found evidence for a treatment effect when the difference between

the prophylaxis and no-treatment group was tested with the per-

mutation test with the data stratified over missing questionnaires

(short and long term follow-up), tick engorgement and observed

duration of tick attachment ( p = 0.006). 

In both the modified-intention-to-treat and the per-protocol

subgroup analyses, the risk difference between study groups re-

mained similar for participants with engorged ticks (modified-

intention-to-treat: a relative risk of 3.12 (95% CI 1.27 - 7.65) and

number-needed-to-treat of 38 (95% CI 20 - 224); per-protocol: a

relative risk of 5.65 (95% CI 1.64 19.49) and number-needed-to-

treat of 31 (95% CI 18 - 99); Table 2 ). For participants with B.

burgdorferi s.l. PCR positive ticks the point estimate of the relative

risk was higher and the number-needed-to-treat lower (modified-

intention-to-treat: a relative risk of 8.00, 95% CI 2.34 - 27.30,

number-needed-to-treat of 10, 95% CI 6 - 25), likewise for the

subgroup of participants that had an engorged and B. burgdorferi

s.l. PCR positive tick (modified-intention-to-treat: a relative risk of

9.20, 95% CI 2.11–40.11, number-needed-to-treat of 6, 95% CI 4 -

17). However, for the people reporting a tick attachment time

of over 24 h, a significant risk difference was found in the per-

protocol analysis (a relative risk of 8.79, 1.07 – 72.37 p-value =
0.018, Table 2 ), but not in the modified-intention-to-treat analysis. 

When restricting the analyses to cases with ticks that tested

positive for B. burgdorferi s.l. in PCR, the difference between study

groups became even more marked in the modified-intention-to-

treat analysis (a relative risk of 7.5, 95% CI 2.17 – 26.01 p -value

< 0.001) and in the per-protocol analysis the efficacy becomes 100%

(95% CI 77–100%, Table 2 ). Of all erythema migrans cases, the par-

ticipants in the prophylaxis group tend to notice development of
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heir erythema migrans earlier after the tick bite than those in

he no-treatment group, although the difference is only signifi-

ant in the per-protocol-analysis (Wilcoxon ranked sum test with

ontinuity correction; modified-intention-to-treat: mean 10.4 vs.

4.6 days, p-value = 0.079, per-protocol: mean 5.2 vs. 16.3 days, p -

alue = 0.003, see Table S2). 

No serious adverse events or suspected unexpected serious ad-

erse reactions were reported. However, some treatment-related

omplaints were notified by the 1188 participants that reported

ntake of prophylaxis. Most frequently reported were nausea and

iarrhoea, both by 5% of the treated participants. Other com-

laints mentioned by at least 1% of the treated participants were

eadache, stomach-ache, dizziness and fatigue. 84.76% did not re-

ort any adverse reaction to the study medication. 

iscussion 

This open-label randomized controlled trial shows that a sin-

le prophylactic dose of 200 mg doxycycline is effective in reduc-

ng the risk of Lyme borreliosis after an Ixodes ricinus tick bite. We

ound a relative risk reduction (or efficacy) of 67% in the modified-

ntention-to-treat population with a confidence interval (31% to

4%), largely overlapping with the confidence intervals of the ef-

cacy reported in earlier US studies for prophylaxis after an Ixodes

capularis tick bite. 10 , 12 Our results indicate that in a European set-

ing, a single prophylactic dose of doxycycline has a similar effi-

acy in preventing Lyme borreliosis as in endemic areas in North

merica, despite differences in transmission dynamics due to dif-

erent tick vectors and other predominant Borrelia burgdorferi s.l.

enospecies. Evidence-based use of prophylaxis for prevention of

yme borreliosis can thus be extended to the European setting. 

This study was designed as an open-label trial to facilitate in-

lusion through an online platform, which means that after ran-

omization, participants were aware of their allotted study group.

his has caused some selection bias by crossover, or drop-out

ates that were associated to the randomized allocation ( Fig. 1 and

upplementary material Table S1). For example, participants that

ook prophylaxis in the no-treatment group often had a longer

ick-attachment time. However, after randomization most baseline

haracteristics remained similar in both the modified-intention-

o-treat and per-protocol study groups ( Table 1 ). Moreover, when

e performed analyses stratified over characteristics that did sug-

est possible selection bias, the risk difference between the study

roups persisted. Also, the similarities in the results between the

odified-intention-to-treat and per-protocol analyses, especially 

hen stratified over variables that may have been unbalanced be-

ween study groups, further support our findings. 

In addition, the use of an online inclusion platform enabled

s to include far more participants as well as positive endpoint

easurements (cases who developed Lyme borreliosis) than any of

he studies done previously. While the largest study to date had

82 participants, of which 9 developed an erythema migrans, 12 

e were able to evaluate 1689 participants of which 28 developed

n erythema migrans and one acrodermatitis chronica atrophicans,

nabling us to look at several subgroups with respect to tick and

articipant characteristics. 

The study prophylaxis was prescribed by the participants own

eneral practitioner, which approaches the administering of pro-

hylaxis in a routine primary-care setting. The current open-label

tudy is therefore largely a pragmatic trial and its result indicative

or the efficacy of prophylaxis in primary care. 26 , 27 Besides actual

reatment of the tick bite, the visit to the general practitioner in

tself may make people more alert to the possible development of

rythema migrans after a tick bite, since participants that visited

heir general practitioner for prescription of the study prophylaxis

ere often quicker to notice their erythema migrans. 
Even though prophylactic treatment leads to a statistically sig-

ificant reduction in the risk of Lyme borreliosis, the number-

eeded-to-treat in both the current study and the US studies re-

ains relatively high, at around 50. Whether or not this justifies

rescribing prophylaxis after each tick bite needs further evalua-

ion. In the Netherlands for instance, with 1.5 million tick bites per

ear this could lead to a substantial increase in primary-care con-

ultations and use of antibiotics. Moreover, the 25.500 erythema

igrans cases per year that result from these tick bites can be rec-

gnized relatively easily and can be cured with a full course of

oxycycline. When looking solely at disseminated Lyme borrelio-

is (in the Netherlands 1500 cases per year), we observed only one

ase in the no-treatment group, which is insufficient for calculating

rophylaxis efficacy specifically for disseminated Lyme. 

In the future, the number-needed-to-treat can possibly be re-

uced by only treating the patients with the highest risk of Lyme

orreliosis using tick-screening selection criteria such as Borrelia

nfection of the tick and tick engorgement. 16 , 21 , 28 For instance, we

ound a number-needed-to-treat of 10 in the participants with a B.

urgdorferi s.l. positive tick, making prophylaxis a much more ef-

ective treatment option in this subset of patients. Unfortunately,

n a study by Sprong et al. a commercially available point-of-care

ick test did not predict development of Lyme borreliosis. 29 To our

nowledge, since then no reliably validated Borrelia tick test has

ecome available for tick screening in a point-of-care setting. 

Not all ticks of the 29 participants in which Lyme borreliosis

eveloped tested positive for Borrelia ( Table 2 , modified-intention-

o-treat analysis). There could be several explanations for this phe-

omenon, perhaps some of the diagnoses of erythema migrans in

linical practice are either misdiagnosis or possibly not due to Bor-

elia burgdorferi s.l. infection, or perhaps the PCR test is not 100%

ensitive or participants failed to notice a secondary tick bite. 

Although all treatment-related complaints reported in this

tudy lie within the known spectrum of side-effects for doxycy-

line, an alternative preventive treatment with less possible side-

ffects than oral prophylaxis, could be topical prophylaxis. 11 , 30 A

tudy with a murine model showed protection for Borrelia infec-

ion by topical azithromycin, 30 and subgroup analyses in a clinical

rial in Germany and Austria suggested that topical azithromycin

educes erythema migrans after an Ixodes ricinus tick bite. 11 

Our study confirms that treating a tick bite with a prophylac-

ic dose of 200 mg of doxycycline within 72 h after removing the

ick significantly reduces the risk of Lyme borreliosis in a European

etting. However, we found a fairly high number-needed-to-treat,

imilar to US studies, which can be reduced if objective point-of-

are measurements for tick infection or feeding time would be-

ome available to restrict prophylactic treatment to high-risk tick

ites. 
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