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S U M M A R Y

Background: Concerns about long-lasting symptoms attributed to Lyme borreliosis (LB) are widespread in the

Western world, while such symptoms are highly prevalent in the general population.

Methods: In the largest prospective study to date, adults with physician-confirmed LB were included at the start

of antibiotic treatment. Primary outcomes, prevalence of persistent symptoms and symptom severity, were assessed using
three-monthly standardised questionnaires during one year. Persistent symptoms were defined as impaired scores for
fatigue (CIS, subscale fatigue), cognitive impairment (CFQ) or pain (SF-36, subscale bodily pain) �6 months, with onset <6
months. Outcomes were compared with a longitudinal general population and a tick-bite cohort without LB as a reference.

Findings: Of 1135 LB patients (94�8% erythema migrans, 5�2% disseminated LB), 1084 fulfilled primary analy-

sis criteria, as well as 1942 population and 1887 tick-bite controls. Overall prevalence of persistent symptoms in LB
patients was 27�2% (95%CI, 24�7%-29�7%); 6�0% and 3�9% higher than in population (21�2%, 95%CI, 19�3%-23�1%; p <

0�0001) and tick-bite (23�3%, 95%CI 21�3%-25�3%; p = 0�016) cohorts, respectively. At 12 months, fatigue, cognitive
impairment, and pain were significantly more severe in erythema migrans patients than in reference cohorts, while in
disseminated LB patients, only pain was more severe.

Interpretation: In treated LB patients, persistent symptoms were significantly more prevalent and symptoms

were more severe than in individuals without LB, although the background prevalence was substantial. This suggests an
association, either direct or indirect, between persistent symptoms and LB in a relatively small subset of patients.

Funding: ZonMw; Dutch Ministry of Health, Welfare and Sport.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
rk.
1. Introduction

Lyme borreliosis (LB), or Lyme disease, is an emerging tick-borne
infectious disease both in Europe and Northern America and is
caused by Borrelia burgdorferi sensu lato (s.l.). Despite appropriate
antimicrobial therapy for LB, there are patients reporting persistent
symptoms for months to years. These include fatigue, pain, cognitive
impairment, and other constitutional symptoms, which may greatly
impact quality of life.1 When initial signs and symptoms of a con-
firmed LB manifestation have resolved or stabilized, and the afore-
mentioned symptoms have developed within six months after
treatment and persist for at least six months, this complex of symp-
toms is often referred to as Post-Treatment Lyme Disease Syndrome
(PTLDS).2

Reported prevalence of persistent symptoms after treatment for
LB varies between 0 and 48%.3-12 This wide range may be influenced
by study characteristics, such as duration of follow-up, and definition
or assessment of persistent symptoms, as well as inclusion of patients
with localised (e.g., erythema migrans) versus disseminated (e.g.,
Lyme neuroborreliosis) manifestations. Furthermore, small prospec-
tive studies have described incidences of persistent symptoms after
LB that do not exceed those reported in healthy matched controls.4,9

The variety in incidence rates and definition of PTLDS, potential
causative factors and optimal treatment strategies, are topics of ongo-
ing debate and research.13-15 The LymeProspect study was initiated
upon a citizens' initiative, reflecting public concerns about persistent
symptoms attributed to LB.3,16 Prevalence and severity of persistent
symptoms were assessed in the largest prospective cohort of strictly
defined LB patients so far, with a follow-up of one year, using a clear
definition of persistent symptoms based on standardised question-
naires. To control for background prevalence, results were compared
with two cohorts of individuals without LB.
2. Methods

2.1. Study design and patients

LymeProspect is a nationwide prospective cohort study on post-
treatment persistence of symptoms in LB patients in the Netherlands.
The study was approved by the medical ethics review committee
Noord-Holland (NL50227.094.14) and conducted in accordance with
the Declaration of Helsinki. All participants provided written
informed consent. Between April 2015 and October 2018, adult
patients with a new LB diagnosis, either physician-confirmed ery-
thema migrans (EM) or disseminated disease, were eligible for inclu-
sion (Table S1).16 Patients were included after online self-registration
(www.tekenradar.nl) or through participating clinical LB centers
(Supplementary Methods). For patients with EM included after online
self-registration, their general practitioner was asked to confirm the
diagnosis. Patients were requested to upload a photograph of their
EM, which was classified by three independent experts (one derma-
tologist and two infectious diseases specialists). All patients were
included before, or within a maximum of seven days after the start of
antibiotic treatment. Inclusion did not interfere with standard diag-
nostic and therapeutic procedures.

2.2. Procedures

All LB patients were assessed with a comprehensive set of online
questionnaires at baseline, 3, 6, 9 and 12 months after inclusion, pri-
marily to determine the presence of persistent symptoms, i.e. fatigue,
self-reported cognitive impairment or pain. Using the Checklist Indi-
vidual Strength (CIS), fatigue was assessed by the subscale fatigue.17-
19 Cognitive impairment was assessed by the Cognitive Failures Ques-
tionnaire (CFQ),20 and pain by the bodily pain subscale of the RAND

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Research in context

Evidence before this study

In 2014, at the development of the LymeProspect study pro-
posal, and at the start of the analyses in January 2019, PubMed
was consulted using the following search terms: “Borrelia
Infections", "Borrelia", “borrelia”, “borreliosis”, “Erythema
Chronicum Migrans”, “Erythema Migrans”, “lyme”, “Lymes”,
“Lyme's”, “Neuroborreliosis”. In between, and during the writ-
ing phase, new literature was searched periodically. In order to
obtain a broad overview of existing literature, all studies on
prevalence of persistent symptoms related to Lyme borreliosis
(LB) were reviewed, without restrictions on design or date.
Concerns about the perceived sequelae of LB are widespread in
the Western world, but at the same time the attributed symp-
toms are highly prevalent in the general population. Reported
prevalences in LB patients varied widely between 0 and 48%.
This wide range may have been due to the variety in study
characteristics such as a prospective or retrospective design, LB
manifestations included, and divergent case definitions or fol-
low-up durations. Furthermore, of many studies the power was
limited, or the results were not controlled for background prev-
alence of symptoms and symptom severity. We designed the
LymeProspect study based on the published data and on the
strengths and lessons learned from previous studies.

Added value of this study

Prevalence of persistent symptoms and symptom severity were
assessed during one year of follow-up in the largest prospective
cohort of LB patients so far, and compared with two reference
cohorts who had undergone the same longitudinal assess-
ments. The prevalence of persistent symptoms was approxi-
mately 5% higher than the background prevalence of more than
20% in these two reference cohorts of individuals without LB.
Moreover, symptoms were also significantly more severe in LB
patients. Several sensitivity analyses confirmed the robustness
of the primary study outcomes.

Implications of all the available evidence

These findings suggest an association between LB and persis-
tent symptoms, albeit in a relatively small subset of patients
reporting these symptoms, and underscore the need for identi-
fication of determinants for these symptoms, whether or not
directly related to the disease.
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SF-36 Health Status Inventory (SF-36).21-23 The SF-36 physical and
social functioning subscales were used at all time points to assess the
impact of symptoms on functioning. In addition, questionnaires
included assessment of somatic symptoms (PHQ-15), health care use,
absenteeism from paid work and comorbidity (adapted from TiC-P).
Blood samples for B. burgdorferi s.l. serology were collected at base-
line and after six weeks. Skin biopsies were obtained for culture and
PCR upon additional consent in patients with skin manifestations
who visited the clinical LB centers.

To control for background prevalence of persistent symptoms in
individuals without evidence of LB, data on fatigue, cognitive
impairment and pain, as measured with the same set of question-
naires, from two reference cohorts were gathered. One cohort con-
sisted of adults randomly selected from the general population
database, based on frequency matching to the LB cohort by age, sex,
geographical region, and month of enrollment. The other cohort com-
prised individuals who had reported a tick bite online.24 Eligibility for
inclusion in the primary analysis was assessed according to specific
in- and exclusion criteria (Table S2). In addition, a cohort of patients
with chronic symptoms of unknown etiology attributed to LB, but
without a confirmed LB diagnosis, was included through the clinical
LB centers to compare the course and severity of their chronic symp-
toms with that of persistent symptoms in the LB cohort. For inclusion
criteria, see Table S3.

2.3. Outcome measures

Primary outcomes were prevalence of persistent symptoms and
symptom severity following treatment in the prospective cohort of
LB patients. Symptoms were defined as persistent if at least one
symptom score was impaired (based on previously published norm
scores) for fatigue, cognitive impairment or pain (CIS, subscale
fatigue, score �35, CFQ, self-reported cognitive impairment, score
�44, and SF-36, subscale bodily pain, score �55)18,20,22 during at least
six subsequent months and with onset within six months after initial
antibiotic treatment (Panel 1). The definition of persistent symptoms
in the population and tick bite cohorts was based on the same ques-
tionnaire scores and duration of symptoms. Additional predefined
outcomes included the prevalence of impaired questionnaire scores
at individual time points at baseline or during follow-up, and the
prevalence of symptoms lasting �3 but <6 months.

2.4. Statistical analysis

Statistical procedures were predefined in a statistical analysis
plan. All participants who had completed the CIS (subscale fatigue),
CFQ, and SF-36 (subscale bodily pain) at least at one time point were
included in the analyses. For some analyses, the cohort of LB patients
was divided into patients with EM or disseminated LB. The preva-
lence of persistent symptoms in all cohorts was assessed with a pri-
mary analysis scenario for substitution of missing data, if primary
outcome questionnaires were completed at �2 time points. Missing
scores were substituted by linear interpolation of available preceding
and following continuous scores of the particular questionnaire.
Missing first or final observations were substituted by carrying back-
ward the first or forward the last available questionnaire score. Sensi-
tivity analyses included three alternative substitution techniques for
missing primary outcome questionnaires and three alternative analy-
sis populations (Table S4). Primary outcomes were standardised to
the distribution of the pre-defined confounders sex, age, educational
level and self-reported comorbidity in the LB cohort (Supplementary
Methods). Because of low numbers of patients with disseminated LB,
only sex and comorbidity were used as confounders for analysis in
that group.

Severity of symptoms was assessed by evaluating the mean ques-
tionnaire score for each symptom at baseline and during follow-up.
Symptom severity over time of EM and disseminated LB patients was
compared with the severity in the population and tick bite cohorts
using linear mixed effects models, where the score was considered a
function dependent on cohort, time and confounders (Supplementary
Methods). In addition, differences in mean severity scores at the end
of follow-up were assessed between cohorts. As a secondary out-
come, severity of symptoms in the cohort of patients with chronic
symptoms attributed to unconfirmed LB was compared with that of
LB patients with persistent symptoms.

For the analyses of severity and prevalence of impaired question-
naire scores at individual time points, missing questionnaire scores
were not substituted and standardization was performed for each
specific time point. Differences in the prevalence of persistent symp-
toms and in severity scores at the 12 months’ time point between
cohorts were assessed using permutation tests. Two-sided 5% signifi-
cance levels were used to identify statistical significance. Analyses
were performed with R version 3.6.0.
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2.5. Role of the funding source

The funding sources (ZonMw and the Dutch Ministry of Health,
Welfare and Sport) had no role in the collection, analysis and inter-
pretation of data; the writing of the report; and the decision to sub-
mit for publication. ZonMw requested inclusion of the additional
cohort of patients with chronic symptoms attributed to unconfirmed
LB. All authors have full access to all study data and take responsibil-
ity for the decision to submit for publication.

3. Results

In the LB cohort, 1135 patients were included, 1076 (94�8%) with
EM and 59 (5�2%) with disseminated manifestations. As a reference
for background symptom prevalence, data were available from 4000
individuals from the general population, and 2405 individuals with a
tick bite without clinical LB (Fig. 1). Of these participants, 1084 LB
patients, 1942 participants from the population cohort, and 1887 par-
ticipants from the tick bite cohort fulfilled the criteria for the primary
analysis scenario. Baseline characteristics of the LB and reference
cohorts are shown in Table 1. For LB patients, the median duration of
symptoms at inclusion was six days (EM five days; disseminated LB
208 days). The availability of primary outcome questionnaire data
per cohort is shown in Table S5. The prospectively assessed preva-
lence of persistent symptoms (Panel 1) in patients with physician-
confirmed LB was 27�2% (95%CI, 24�7%�29�7%) (27�2% (95%CI,
24�6%�29�8%) in EM and 34�3% (95%CI, 21�7%�46�9%) in dissem-
inated LB patients). This was significantly higher than the preva-
lence in the population (21�2%, 95%CI, 19�3%�23�1%, p < 0�0001)
and tick bite cohorts (23�3%, 95%CI, 21�3%�25�3%, p = 0�016)
(Fig. 2A). No significant difference in the prevalence of persistent
symptoms was observed between the population and tick bite
cohorts (p = 0�10). Sensitivity analyses with alternative substitu-
tion techniques for missing data and alternative analysis popula-
tions showed outcomes similar to those in the primary analysis
(Table S4).
108 pa�ents were included in the hospitals
1070 pa�ents were included through Tekenradar 

43 pa�ents were excluded for analyses
- 10 did not complete informed consent procedure
- 1 was not able to par�cipate
- 9 did not meet inclusion criteria a�er provisional

inclusion
- 2 met exclusion criteria
- 11 EM diagnoses were not physician confirmed
- 3 had an alterna�ve diagnosis during follow-up
- 4 were excluded upon their request 
- 3 did not complete at least the CIS, SF-36 and CFQ at 

one �me point

1135 pa�ents were included in the analysis popula�on¶
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Fig. 1. Enrollment and follow-up *Of which 557 individuals were screened online (www.te
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rent skin lesions, denoted as EM as inclusion criteria for multiple EM were not met. #Accord
Questionnaire, CIS = Checklist Individual Strength, EM = erythema migrans, LB = Lyme borreliosis
Fatigue was the most frequently reported persistent symptom in
the LB, population and tick bite cohorts, followed by cognitive
impairment and pain, which were often accompanied by fatigue. In
disseminated LB patients, persistent pain was more frequently
reported than cognitive impairment (Fig. 2B, Fig.S1A-C). In all
cohorts, the majority of participants with persistent symptoms
reported these symptoms from baseline through the final time point
(Fig.S1D). While persistent symptoms were defined as lasting �6
months, prevalence of symptoms lasting �3 but <6 months was
almost twice as high in LB patients (6�4%, 95%CI, 4�9%�7�8%) as in
the population (3�3%, 95%CI, 2�4%�4�2%, p = 0�00,037) and tick bite
cohorts (3�5%, 95%CI, 2�6%�4�3%, p = 0�00,026) (Table S7).

The mean severity scores for fatigue, cognitive impairment and
pain during follow-up per cohort are shown in Fig. 3. In EM patients,
baseline fatigue, cognitive impairment and pain were more severe
compared with the population (p < 0�005) and tick bite (p<0�0001)
cohorts, and still significantly more severe at the 12 months’ time
point (Fig.S2, Table S8). In disseminated LB patients, baseline fatigue
was more severe compared with both reference cohorts (p <

0�0001), but not at 12 months. Cognitive impairment severity was
not significantly different compared with the reference cohorts. Pain
was more severe at baseline (p < 0�0001), and although mean pain
scores decreased over time, it was still significantly different from
the reference cohorts at the end of follow-up. SF-36 physical and
social functioning scores, reflecting the burden of symptoms, were
particularly lower in disseminated LB patients during the first
months of follow-up compared with the reference cohorts (Fig.S3A).
LB patients who fulfilled the definition of persistent symptoms con-
sistently reported higher symptom severity at all time points for all
three symptoms than those without persistent symptoms (Fig. 3D-F),
as well as lower SF-36 physical and social functioning scores (Fig.
S3B).

The mean prevalence of each symptom at individual time points
was assessed as well (Fig. 4). Fatigue was the most prevalent symp-
tom in all cohorts. In patients with EM, the prevalence of each symp-
tom was stable over time, 30�1% (n = 263/873, 95%CI, 27�5%�32�8%)
 not included
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patient was diagnosed with two concurrent manifestations. z1 patient had two concur-
ing to the inclusion criteria as defined in Table S1. Abbreviations: CFQ = Cognitive Failure
, SF-36 = SF-36 item Health Survey.
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Table 1
Baseline characteristics.

Reference cohorts

Characteristic Population cohort
(n = 4000)

Tick bite cohort
(n = 2405)

All LB patients
(n = 1135)

EM
(n = 1076)

Disseminated LB
(n = 59)

Demographic
Male sex - no. (%) 1892 (47.3) 1064 (44.2) 465 (41.0) 432 (40.1) 33 (55.9)
Age (years) 57 (50�63) 50 (39�60) 55 (45�63) 55 (45�63) 53 (47�63)
Educational level - no. (%)

Low
Medium
High

505 (12.6)
1970 (49.2)
1525 (38.1)

54 (2.2)
777 (32.3)
1574 (65.4)

61 (5.4)
455 (40.1)
619 (54.5)

57 (5.3)
428 (39.8)
591 (54.9)

4 (6.8)
27 (45.8)
28 (47.5)

Status during past 3 months
Paid work - no. (%)
Absenteeism1 - no. (%)

2515 (62.9)
135 (3.4)

NA
NA

719 (63.4)
36 (3.2)

682 (63.4)
25 (2.3)

37 (62.7)
11 (18.6)

Healthcare consumption (number of visits) 6 (0�54) 1 (0�3) 2 (0�4) 2 (0�4) 7 (4�12)
General health status
Self-reported severe symptoms during >3 months in the past 12 months2

Fatigue - no. (%)
Pain - no. (%)
Concentration disorder - no. (%)

192 (4.8)
116 (2.9)
78 (1.9)

86 (3.6)
46 (1.9)
47 (2.0)

45 (5.5)
36 (4.4)
21 (2.6)

41 (5.2)
33 (4.2)
18 (2.3)

4 (16.0)
3 (12.0)
3 (12.0)

Concomitant diagnoses (past 12 months)3

Yes - no. (%)
Number of diagnoses

2078 (51.9)
1 (0�1)

1082 (45.0)
0 (0�1)

613 (54.0)
1 (0�1)

577 (53.6)
1 (0�1)

36 (61.0)
1 (0�2)

Lyme borreliosis in history - no. (% of total cohort) 253 (6.3) 315 (13.1) 101 (8.9) 94 (8.7) 7 (11.9)
Current Lyme borreliosis episode
Noticed tick bite - no. (%) NA NA 663 (58.8) 647 (60.6) 16 (27.1)
Duration of LB manifestation (days) NA NA 6 (3�18) 5 (3�14) 208 (50�665)
Antibiotic treatment - no. (%)

Doxycycline
Amoxicillin
Azithromycin
Ceftriaxone (i.v.)
Other - no. (%)4

NA NA 1134 (99.9)
1042 (91.9)
48 (4.2)
22 (2.0)
14 (1.2)
8 (0.8)

1078 (100)
1000 (92.9)
47 (4.4)
21 (2.0)
0
8 (0.7)

58 (98.3)
42 (72.4)
1 (1.7)
1 (1.7)
14 (24.1)
0

Current symptoms - no. (%)5

Pain
Dizziness
Collapse
Palpitations
Dyspnea
Gastro-intestinal symptoms
Sleeping disturbances
Fatigue
Cognitive symptoms

2745 (68.6)
562 (14.1)
37 (0.9)
774 (19.4)
603 (15.1)
1169 (29.2)
1517 (37.9)
1636 (40.9)
988 (24.7)

1620 (67.4)
353 (14.7)
19 (0.8)
403 (16.8)
273 (11.4)
643 (26.7)
742 (30.9)
902 (37.5)
579 (24.1)

805 (70.9)
292 (25.7)
15 (1.3)
257 (22.6)
205 (18.1)
450 (39.6)
529 (46.6)
646 (56.9)
446 (39.3)

755 (70.2)
273 (25.3)
12 (1.1)
236 (21.9)
188 (17.5)
424 (39.4)
489 (45.4)
600 (55.8)
410 (38.1)

50 (84.7)
19 (32.2)
3 (5.1)
21 (35.6)
17 (28.8)
26 (44.1)
40 (67.8)
46 (78.0)
36 (61.0)

Data are medians with interquartile ranges (IQR) for continuous values. For calculating percentages, participants with missing data were excluded, unless mentioned
otherwise.
1Absenteeism �3 weeks from paid work in the past 3 months due to illness.
2Based on three questions on severe fatigue, pain or concentration disorder as indicated by the participant. This question was introduced during the course of study. There-
fore, data are available from 811 LB patients (786 EM and 25 disseminated LB), and for the total population and tick bite cohorts. Data represent proportion of participants
that answered this question.
3Reported comorbidity as listed in the Tic-P.
4Category 'other': amoxicillin/clavulanic acid, clarithromycin, clindamycin, phenoxymethylpenicillin, tetracycline. One patient with ACA refused antibiotic treatment.
5Based on the PHQ-15, assessing common (transient) symptoms in the past four weeks, to which a question on cognitive symptoms was added. The ordinal questionnaire
scale (0�1�2), was converted to binary (0�1). The PHQ-15 symptoms related to pain (abdominal pain, back pain, arthralgia, dysmenorrhea, dyspareunia, head ache, and chest
pain) were categorized as 'pain' in this table; nausea and diarrhea were grouped as 'gastro-intestinal symptoms'.
Abbreviations: ACA = acrodermatitis chronic atrophicans, EM = erythema migrans, i.v. = intravenously, LB = Lyme borreliosis, no. = number, PHQ-15 = Patient Health Questionnaire,
TiC-P = Treatment Inventory of Costs in Patients with psychiatric disorders.
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for fatigue, 18�3% (n = 160/873, 95%CI, 16�0%�20�6%) for cognitive
impairment, and 10�9% (n = 95/873, 95%CI, 9�1%�12�7%) for pain at
12 months. About half of the disseminated LB patients reported
fatigue or pain at baseline. From the 3 months’ time point onward,
Panel 1
Definition of persistent symptoms.

Patient-reported fatigue, cognitive impairment or pain within six months after
antibiotic treatment for a physician-confirmed diagnosis of Lyme borreliosis
and consistently persisting for a minimum of six months.

The presence and severity of symptoms was assessed at baseline and after 3, 6,
9, and 12 months, using the following questionnaires: CIS, subscale fatigue
(fatigue if score �35), CFQ (cognitive impairment if score �44), and SF-36, sub-
scale bodily pain (pain if score �55).

Definition based on the case definition for Post-Treatment Lyme Disease Syndrome
(PTLDS) as proposed by the Infectious Diseases Society of America (IDSA)2.
the prevalence of fatigue was similar to that of EM patients, while
pain gradually declined. The prevalence of fatigue in the tick bite
cohort increased from 17�4% (n = 418/2405, 95%CI, 15�8%�19�0%) at
baseline to 23�7% (n = 263/1111, 95%CI, 21�9%�25�4%) at 12 months,
while cognitive impairment and pain in this cohort were similar
between time points.

Finally, 65 patients with chronic symptoms attributed to uncon-
firmed LB were included. These patients were significantly younger
than the 295 physician-confirmed LB patients who reported persis-
tent symptoms (median age, 39y versus 54y), had less frequently
paid work (39�1% versus 60�0%), and absenteeism in the subgroup of
patients with paid work was significantly higher (36�0% versus
9�6%). The median duration of their symptoms was over four years.
At baseline, fatigue was more severe than in LB patients with persis-
tent symptoms, whereas cognitive impairment was less severe, and
pain scores were similar. During follow-up, fatigue and pain severity
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slightly decreased, but remained impaired with respect to the norm
scores (Fig.S4, Table S8). Physical and social functioning were more
impaired in the patients with chronic symptoms attributed to uncon-
firmed LB throughout the entire follow-up (Fig.S5).

4. Discussion

In this large prospective observational cohort of patients treated
for physician-confirmed LB, prevalence of persistent fatigue, cogni-
tive impairment or pain during one year of follow-up was 3�9% and
6�0% higher than the background prevalence in two reference
cohorts. The mean symptom severity in LB patients was significantly
higher as well, compared with the reference cohorts. Furthermore,
persistent symptoms were associated with impaired physical and
social functioning, reflecting a substantial burden of symptoms.

The reference cohorts, a population and a tick bite cohort under-
going the same prospective questionnaire surveys, enabled correc-
tion for the substantial background prevalence of persistent
symptoms (21�2% and 23�3%, respectively), regardless of their
numerous possible causes. The prevalence of severe fatigue (CIS score
�35) at baseline in both reference cohorts was consistent with a
recent study in which 18% of 78,363 individuals from the general
population reported severe fatigue on a single measurement.25 The
higher prevalence of persistent symptoms in LB patients compared
with the reference cohorts points at an association with LB, albeit in a
subset of patients. The observation that around 70% of participants
with persistent symptoms reported persistent symptoms from base-
line onward suggests that those symptoms may be related to pre-
existent conditions. However, the prevalence of persistent symptoms
in subgroups of individuals without self-reported severe fatigue, pain
or concentration disorders prior to baseline remained significantly
higher in LB patients, further supporting an association of the LB epi-
sode with increased prevalence of persistent symptoms. Whether
these symptoms are specific for LB or may be due to a general post
infectious syndrome or other mechanism requires further research.
Other infectious diseases, such as Q-fever or Epstein-Barr virus infec-
tion, and more recently COVID-19, as well as various non-infectious
diseases, have also been associated with long-term persistent symp-
toms.26-29

The tick bite cohort was included in the study because it was com-
parable to the LB cohort in terms of the online methods for inclusion
and follow-up. Individuals with a subsequent diagnosis of LB were
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excluded from this cohort, and potential effect of unnoticed or non-
reported LB manifestations was limited at most, since the primary
outcomes did not differ significantly between tick bite and popula-
tion cohorts.

The primary outcome was persistent symptoms lasting for at least
six months, but approximately 6% of LB patients reported shorter-
term symptoms (�3 and <6 months). This prevalence was twice as
high as in the reference cohorts, suggesting that a more substantial
part of these shorter-lasting symptoms might be specifically related
to the LB episode.

Of the three symptoms assessed, pain was the least frequently
reported symptom by EM patients and both reference cohorts. How-
ever, almost 50% of disseminated LB patients reported severe pain at
baseline, gradually decreasing during follow-up. The majority of
these patients was diagnosed with acrodermatitis chronica atrophi-
cans (ACA), followed by Lyme neuroborreliosis and Lyme arthritis,
which are commonly accompanied by pain.2

In the cohort of patients with chronic symptoms self-attributed to
unconfirmed LB, who were included if they had reported symptoms
for six or more months prior to baseline, the mean severity of symp-
toms was substantial throughout the one year follow-up. In these
relatively young individuals, SF-36 physical and social functioning
scores were even lower than in the group of LB patients meeting the
definition of persistent symptoms. This underscores that symptoms
in these patients, regardless of the etiology, are severe, and greatly
impact daily life.

Severe long-lasting symptoms in patients treated for LB have
been described before, although in widely varying frequencies.
Differences in study design, geographical location, LB case defini-
tion, outcome measures, follow-up duration and inclusion of con-
trol groups have contributed to differences between study
outcomes. Prospective studies in patients with early localised LB
have identified persistent symptoms in 5�7% to 11�0% of
patients.5,7,30 Studies in patients specifically diagnosed with Lyme
neuroborreliosis have generally demonstrated higher frequencies
of residual symptoms averaging 28% in 34 studies with up to
20 years of follow-up, although findings are inconsistent with
regard to quality of life and fatigue measures.8,31 Prospective stud-
ies in Europe and the USA comparing the prevalence of persistent
symptoms after EM with symptom prevalence in control groups
have found no increased frequency of symptoms.4,9,32 However,
most of these studies were not powered to detect significant
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differences against a high background symptom prevalence, as the
present study was, enrolling a total of 7540 participants.

In this unique and largest prospective LB study to date, specific
efforts were made to select patients meeting strict, pre-defined defi-
nitions for LB and persistent symptoms, and to select appropriate lon-
gitudinal reference cohorts. The substantial background prevalence
observed in this study underscores the need for such reference
cohorts in future studies addressing persistent symptoms after treat-
ment for LB. This accounts for other (infectious) diseases as well,
which has become even more relevant in light of the COVID-19 pan-
demic.29 A strict laboratory confirmation was required for dissemi-
nated LB manifestations. For EM, clinical diagnoses were physician-
confirmed following international clinical case definitions33, and EM
photographs were reviewed by an expert panel. To assess the poten-
tial impact of clinical misdiagnoses, a sensitivity analysis on patients
with highly probable or proven EM yielded a similar prevalence of
persistent symptoms as the primary analysis. As the definition of per-
sistent symptoms may greatly impact study outcomes, the primary
outcome in this study was based on the PTLDS criteria, that have
been used in multiple other studies.2 Typical PTLDS symptoms
(fatigue, pain and cognitive impairment) were systematically
assessed by standardised questionnaires, with pre-defined cut-off
scores for clinical relevance. Outcomes of these questionnaires reflect
the patients’ perception of symptoms, and thus the impact on their
daily life, rather than objectify reported symptoms. In line with previ-
ous studies, this study indicates that self-reported symptoms are clin-
ically relevant with regard to daily functioning.34 We recommend
that this definition of persistent symptoms is used in future studies
into this topic, allowing for comparison of findings between studies.
Lastly, the longitudinal assessment of symptoms enabled describing
the course and severity of symptoms over time.

This study has several limitations. First, missing observations
occurred during follow-up, that were substituted according to pre-
defined scenarios. Robustness of the prevalence of persistent symp-
toms was confirmed by similar findings in several sensitivity
analyses, including one without substitution of missing observations.
Second, follow-up ended 12 months after treatment, whereas the
majority of patients with persistent symptoms reported ongoing
symptoms at the last time point. Although sequelae have been
reported many years post treatment,1 and may disappear over time,
insights into the course and impact of persistent symptoms more
than one year after LB remain limited. Third, it could be hypothesized
that ongoing infection despite treatment may underlie persistent
symptoms. Therefore, at all follow-up time points, LB patients were
asked to report new LB diagnoses or manifestations. Nine patients
reported LB manifestations during follow-up, none of which was sus-
picious for relapse of the prior infection. Thus, it seems unlikely that
treatment failure has a large share in the total number of patients
with persistent symptoms. Fourth, because of the relatively small
number of disseminated LB patients in this study, the results contrib-
ute particularly to the insights into the prognosis after EM, the most
frequent LB manifestation.3 Fifth, fatigue, cognitive impairment and
pain are widespread in the general population, as reflected by the ref-
erence cohorts. Elaborating the origin and explainability of symptoms
in individual patients was therefore not possible. The significant dif-
ference in prevalence of persistent symptoms between LB patients
and reference cohorts points at an association of symptoms with LB
in only a subset of the LB cohort. Finally, due to widespread attention
for chronic symptoms after LB, patients diagnosed with LB may have
had more focus on perceiving symptoms than individuals in the ref-
erence cohorts. However, rather than a response bias, this may reflect
a potential cognitive-behavioral mechanism for persistence of symp-
toms in LB patients in general. As part of ongoing analyses that will
be reported separately, potential cognitive-behavioral determinants
for persistence of symptoms in this cohort will be investigated,
besides numerous other predefined factors.

In conclusion, this study shows that the prevalence of persistent
symptoms in patients treated for Lyme borreliosis was 3�9% and
6�0% higher than the substantial background prevalence in two refer-
ence cohorts. Furthermore, symptoms were more severe in LB
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patients than in the reference cohorts. These findings suggest that
Lyme borreliosis may induce persistent symptoms, albeit in a small
proportion of patients. Since many patients seek medical help for
their often disabling long-lasting symptoms attributed to LB, these
findings are relevant for clinicians confronted with patients with per-
sistent symptoms after treatment for Lyme borreliosis. In addition,
these observations call for further research into the underlying mech-
anisms of persistent symptoms after treatment for LB � whether or
not directly related to an infection with B. burgdorferi s.l. � which
may lead to the development of more specific preventive and treat-
ment strategies.
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