Aalborg Universitet AALBORG

UNIVERSITY

Risk of Neurological Disorders in Patients with European Lyme Neuroborreliosis
A Nationwide, Population-based Cohort Study

Haahr, Rasmus; Tetens, Malte M; Dessau, Ram B; Krogfelt, Karen A; Bodilsen, Jacob;
Andersen, Nanna S; Mgller, Jens K; Roed, Casper; Christiansen, Claus B; Ellermann-
Eriksen, Svend; Bangsborg, Jette M; Hansen, Klaus; Benfield, Thomas L; @stergaard

Andersen, Christian; Obel, Niels; Lebech, Anne-Mette; Omland, Lars H

Published in:
Clinical Infectious Diseases

DOl (link to publication from Publisher):
10.1093/cid/ciz997

Publication date:
2020

Document Version _ _ _
Accepted author manuscript, peer reviewed version

Link to publication from Aalborg University

Citation for published version (APA):

Haahr, R., Tetens, M. M., Dessau, R. B., Krogfelt, K. A., Bodilsen, J., Andersen, N. S., Mgller, J. K., Roed, C.,
Christiansen, C. B., Ellermann-Eriksen, S., Bangsborg, J. M., Hansen, K., Benfield, T. L., @stergaard Andersen,
C., Obel, N., Lebech, A.-M., & Omland, L. H. (2020). Risk of Neurological Disorders in Patients with European
Lyme Neuroborreliosis: A Nationwide, Population-based Cohort Study. Clinical Infectious Diseases, 71(6), 1511-
1516. Article ciz997. https://doi.org/10.1093/cid/ciz997

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

- Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
- You may not further distribute the material or use it for any profit-making activity or commercial gain
- You may freely distribute the URL identifying the publication in the public portal -


https://doi.org/10.1093/cid/ciz997
https://vbn.aau.dk/en/publications/43cb1adf-5866-4cff-8155-dd0b9a1d48aa
https://doi.org/10.1093/cid/ciz997

Take down policy

If you believe that this document breaches copyright please contact us at von@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: December 04, 2025



This is a pre-copyedited, author-produced version of an article accepted for publication in [Clinical Infectious Disease] following peer review. The version of record
[Rasmus Haahr, Malte M Tetens, Ram B Dessau, Karen A Krogfelt, Jacob Bodilsen, Nanna S Andersen, Jens K Mgller, Casper Roed, Claus B Christiansen, Svend
Ellermann-Eriksen, Jette M Bangsborg, Klaus Hansen, Thomas L Benfield, Christian @ Andersen, Niels Obel, Anne-Mette Lebech, Lars H Omland, Risk of Neurological
Disorders in Patients With European Lyme Neuroborreliosis: A Nationwide, Population-Based Cohort Study, Clinical Infectious Diseases, Volume 71, Issue 6, 15
September 2020, Pages 1511-1516] is available online at:|https://doi.org/10.1093/cid/ci2997|

Risk of neurological disorders in patients with European Lyme neuroborreliosis. A nationwide population-

based cohort study.

Authors
Rasmus Haahr'", Malte M. Tetens® ™, Ram B. Dessau, M.D.?%, Karen A. Krogfelt, Ph.D.>* Jacob Bodilsen,
M.D.>®, Nanna S. Andersen, M.D.7, Jens K. Mgller, D.M.Sc.8, Casper Roed, Ph.D.%, Claus B. Christiansen,
M.D.%, Svend Ellermann-Eriksen, D.M.Sc.%?, Jette M. Bangsborg, D.M.Sc.?, Klaus Hansen, D.M.Sc.*?, Thomas
L. Benfield, D.M.Sc.’3**, Christian @stergaard Andersen, D.M.Sc.?®, Niels Obel, D.M¥§c.>**, Anne-Mette

L
Lebech, D.M.Sc.** Lars H. Omland, D.M.Sc.. c}\

!Department of Infectious Diseases, Copenhagen @sity Hospital, Rigshospitalet, Copenhagen, Denmark

"These authors contributed equally to this work.

2Department of Clinical Microbiology, SIageIs%prital, Slagelse, Denmark

3Department of Virus and Microbiologi ecial Diagnostics, Statens Serum Institut, Denmark;
‘Department of Natural Science@QEnvironment, Roskilde University, Denmark

>Departments of Clinical Mg ology, Aalborg University hospital, Aalborg, Denmark
5Departments of InfectR:Diseases, Aalborg University hospital, Aalborg, Denmark

Clinical Centre for Emerging and Vector-borne Infections, Odense University Hospital, Odense, Denmark
8Department of Clinical Microbiology, Vejle Hospital, Vejle, Denmark

‘Department of Clinical Microbiology, Copenhagen University Hospital, Rigshospitalet, Copenhagen,
Denmark

Department of Clinical Microbiology, Aarhus University Hospital, Aarhus, Denmark

"pepartment of Clinical Microbiology, Herlev University Hospital, Copenhagen, Denmark

2pepartment of Neurology, Copenhagen University Hospital, Rigshospitalet, Copenhagen, Denmark

© The Author(s) 2019. Published by Oxford University Press for the Infectious Diseases Society of America.
All rights reserved. For permissions, e-mail: journals.permissions@oup.com.

6102 1900100 ¥z U0 Josn GAS SnyaBAS Biogley “4ejoliqig YSuioipsi Ad GE8FBGS//66Z19/PIO/E60 L0 L/I0PAVEISHE-8]01IE-2OUBADE/PIO/W0d dNO dlWspese)/:Sdjjy Wolj POPEOUMOQ


https://doi.org/10.1093/cid/ciz997

3Department of Infectious Diseases, Hvidovre University Hospital, Copenhagen, Denmark;
4pepartment of Clinical Medicine, Faculty of Health and Medical Sciences, University of Copenhagen,
Copenhagen, Denmark;

5Department of Clinical Microbiology, Hvidovre University Hospital, Copenhagen, Denmark

Corresponding author
Rasmus Haahr, BMSc. c}
Department of Infectious Diseases 0%

Copenhagen University hospital

Blegdamsvej 9 @

DK-2100 Copenhagen @

Denmark %

Phone: +45 27843673 6

E-mail: rasmus.primhoIdt.haahr&i@’\e'gionh.dk

Short summary: Q

We examined the risk of neurological disorders in patients with Lyme Neuroborreliosis. No increased long-

term risk of neurological diseases was observed. An increased short-term risk of epilepsy and Guillain-Barré

syndrome observed is likely to be caused by diagnostic bias.

Part of the results in this paper has previously been presented as a late breaker poster at the 29th

European Congress of Clinical Microbiology & Infectious Diseases in Amsterdam, Netherlands in April 2019.
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ABSTRACT

Background

Lyme neuroborreliosis (LNB) caused by the tick-borne spirochetes of the Borrelia burgdorferi sensu lato
species complex has been suggested to be associated with a range of neurological disorders. In a
nationwide population-based cohort-study we examined the association between LNB and dementia,
Alzheimer’s disease, Parkinson’s disease, motor neuron disease, epilepsy and Guillain-Barré syndrome.
Methods

We used national registers to identify all Danish residents diagnosed during 1986-2016 with LNB (n=2,067)
and a gender and age matched comparison cohort from the general populati&\(QQOﬁm), and calculated
risk estimates and hazard ratios (HR). 06

Results ®Q

We observed no long-term increased risk of dementia, Alzhe®s disease, Parkinson’s disease, motor
neuron diseases or epilepsy. However, within the f%@ eight (0.4%) of the LNB patients developed
epilepsy compared with 20 (0.1%) of the compa@'cohort (difference 0.3%, 95% Cl: 0.02% to 0.6%). In
the LNB group 11 (0.5%) patients were di@osed with Guillain-Barré syndrome within the first year after
LNB diagnosis compared with 0 (0. he comparison cohort. After the first year, the risk of Guillain-

Barré was not increased. c)®
Conclusion Q

LNB patients did not have increased long-term risk of dementia, Alzheimer’s disease, Parkinson’s disease,
motor neuron diseases, epilepsy or Guillain-Barré. Although absolute risk is low, LNB patients might have

an increased short-term risk of epilepsy and Guillain-Barré syndrome.

Keywords: European Lyme Neuroborreliosis; Long-Term-Risk; Neurodegenerative Disorders; Borrelia

burgdorferi; Nation-wide population-based cohort study
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INTRODUCTION
Lyme neuroborreliosis (LNB) designates the nervous system disorder caused by tick-borne spirochetes of
the Borrelia burgdorferi sensu lato species complex. In Europe LNB is characterized by a subacute painful
radiculoneuritis, peripheral motor deficits and lymphocytic cerebrospinal fluid (CSF) inflammation. Third
stage LNB compromise less than 1-2% of all LNB patients and is defined as a progressing
meningoencephalomyelitis[1]. The diagnostic criteria and antibiotic treatment of both early and late LNB
are well established, but the frequency and spectrum of residual symptoms in patients with LNB is still a
matter of debate[2]. Possible associations have been suggested between LNB and Ku'rological disorders,
such as dementia, Alzheimer’s disease, Parkinson’s disease, motor neuron dis@pilepsy and Guillain-
Barré syndrome[3]. All associations are stated as rare and the hypoth@mderlying mechanisms include
both a direct causal effect of active infection and sequelae of LN r treated or untreated. However,
these studies are often confined to small or selected study p@tions at single centers without adequate
comparison cohorts and limited follow-up. OK

\Q
In a recent nationwide population-based cohor@V of LNB patients, we have demonstrated that a
verified diagnosis of LNB had no substant@mpact on long-term survival, health, social functioning, or
education[4]. Specifically, there w creased risk of multiple sclerosis in LNB patients compared with
the general population[4]. In@rrent study, we used the same cohort of LNB patients and a comparison

cohort from the genera?sg&ation to examine if there is an association between LNB and dementia,

Alzheimer’s disease, Parkinson’s disease, motor neuron disease, epilepsy and Guillain-Barré syndrome.
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METHODS

Setting
Denmark has a population of approximately 5,8 million individuals. Tax-supported health care is provided

free of charge to all Danish residents[5].

Study populations and data sources
We used a previously described LNB patient cohort to conduct a nationwide, population-based cohort
study[4]. We identified all Danish residents who had an intrathecal B. burgdorferi ghtibody 1gG and/or IgM
.
index performed during the period 1 January 1985 to 31 December 2015. Vt}}a ted all with a positive
intrathecal antibody index and Danish residency at study inclusion fro&population. Next, we excluded
all who were not registered with a diagnosis of LNB in the Danisl@Qonal Patient Registry (DNPR) within
one year after study inclusion or had contact with a depaggmeént of neurology earlier than one year before
study inclusion. We used the unique 10-digit persg\;wgwtiﬁcation number assigned to all Danish
residents at birth or upon immigration to link Q/ith the Danish Civil Registration System, the DNPR and
housing statistics from Statistics Denm@ » [5]. Diagnoses in DNPR are coded by the attending physician
according to the International ClasQ ion of Diseases, Eighth Revision (ICD-8) until 31 December 1993
and thereafter by the Tent@xion (ICD-10)[6]. From the Danish Civil Registration System and DNPR, we
identified the comparis?a)hort consisting of 10 individuals from the general population for each LNB
patient, who had the same sex and date of birth, were Danish residents, were living in Denmark at time of
study inclusion and had no contact with a department of neurology earlier than one year before study
inclusion. Inclusion and exclusion criteria of the total study population has previously been described in

detail [4].
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Statistical analysis

From the DNPR, we extracted clinical diagnoses of dementia (FO0-F03), Alzheimer’s disease (F00),
Parkinson’s Disease (G20-G21), motor neuron diseases including ALS (G12.2), epilepsy (G40-F41) and
Guillain-Barré syndrome (G61.0). We extracted information on nursing home residency from Statistics
Denmark, as this could be a surrogate marker of subclinical dementia or neurodegenerative disorder in
general. Study inclusion was the date of lumbar puncture for LNB patients. Individuals from the comparison
cohort were assigned the same date of study inclusion as the LNB patient they were matched to.
Individuals in both the LNB and comparison cohorts were excluded from the statis%'l analyses if they were
diagnosed with the disease of interest (the outcome) more than 3 months bei&udy inclusion. We
calculated time from date of study inclusion to 1 March 2016, death, %@ion, loss to follow-up, or event
of interest, whichever came first. If an outcome was diagnosed f?@irst time within three months
before study inclusion, the date of diagnosis of the outcome@set to the day after study inclusion. This
was done, as the outcome may occur before Iumb%@ure, even if related to the LNB episode[2].
Sensitivity analyses were performed, in which a@!ons who were diagnosed with the event of interest
before study inclusion were excluded. Ha@i ratios (HRs) and corresponding 95% confidence intervals (Cls)
were calculated using Cox regressi measure of relative risk. As our initial analysis showed that there
was not a constant hazard ov&e, we only calculated hazard ratios for the long-term follow-up (>= 12
months). Cumulative in Ce curves were computed using cumulative incidence function, in which death
was considered competing risk[7]. We calculated 1-year risks of each neurological disorder for both LNB
patients and members of the comparison cohort by use of the cumulative incidence function [4]. For the
patient and comparison cohorts, we also ascertained the proportion of persons who had inpatient and/or
outpatient contacts associated with each of the neurological disorders of interest in yearly intervals starting
at the latest of 3 months before study inclusion, birth, immigration, or start-up date of the registry
recording the outcome of interest, up until 10 years after study inclusion, 1 March 2016, death, emigration,

loss to follow-up, whichever came first. These proportions were calculated as measures of disease burden.

6102 1900100 ¥z U0 Josn GAS SnyaBAS Biogley “4ejoliqig YSuioipsi Ad GE8FBGS//66Z19/PIO/E60 L0 L/I0PAVEISHE-8]01IE-2OUBADE/PIO/W0d dNO dlWspese)/:Sdjjy Wolj POPEOUMOQ



Finally, for Guillain-Barré syndrome, we also calculated estimates of proportions of inpatient visit per week
in the first year before and after study inclusion.

SPSS Statistics, version 24 (SPSS, Inc., Chicago, lllinois) and R version 3.5.1 was used for all analysis [8].
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RESULTS
A total of 2,067 LNB patients and 20,670 members of the comparison cohort were identified for this study.

Median age was 46 years (interquartile range [IQR]: 12 years to 62 years) and 43.7% were women.

Long-term risks of dementia, Alzheimer’s disease, Parkinson’s disease, motor neuron diseases including ALS
and nursing home residency
We observed no increased long-term risk of Alzheimer’s disease, Parkinson’s disease, motor neuron
diseases or nursing home residency for LNB patients compared with members of tbﬁfomparison cohort
(Table 1 and Figure 1). Further the yearly proportion of LNB patients who had{&al contact related to
these disorders were not increased compared with members of the C(@son cohort (Supplementary
Figure 1). The sensitivity analyses were consistent with these resvb‘s%ata not shown).

\
Long-term risk of epilepsy in LNB patients OK
We observed no increased long-term risk of epi@'{HR 1.31, 95% Cl: 0.88 to 1.96). However, within the
first year eight LNB patients compared wi#h20 of the comparison cohort developed epilepsy. The 1-year
risk of epilepsy for LNB patients w ’@JA compared with 0.10% for the comparison cohort (difference
0.29%, 95% Cl: 0.02% to 0.56@@% proportion of LNB patients, who had a hospital contact with a
diagnosis of epilepsy w?ggtly increased up to ten years after the LNB diagnosis (Supplementary Figure
1E). In the sensitivity analyses, in which we excluded LNB patients diagnosed with epilepsy in the period of
three months before LNB diagnosis, the difference in 1-year risk of epilepsy was 0.13 (-0.07 to 0.32) —
except from that, the sensitivity analyses did not change the remaining estimates substantially (Data not

shown).
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Long-term risk of Guillain-Barré syndrome in LNB patients

Thirteen LNB patients and seven members of the comparison cohort were diagnosed with Guillain-Barré
syndrome during the entire follow-up (Figure 1F). During the first year of follow-up 11 LNB patients and 0
members of the comparison cohort were diagnosed with Guillain-Barré. The 1-year risk of Guillain-Barré
syndrome for LNB patients was 0.53% compared with 0.00% for the comparison cohort (difference 0.53%,
95% Cl: 0.22% to 0.85%). After the first year additional two LNB patients and seven members of the
comparison cohort developed Guillain-Barré syndrome (HR 2.84, 95% Cl: 0.59 to 15\63). The proportion of
persons who had a hospital contact with a diagnosis of Guillain-Barré syndroné& increased in the LNB
patient cohort in the year of inclusion, but thereafter waned (Supplen@ Figure 1F and Supplementary
Figure 2). %Q

The results of the sensitivity analysis were essentially identic@ta not shown).
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DISCUSSION

In this nationwide, population-based cohort study, we observed no increased long-term risk of dementia,
Alzheimer’s disease, Parkinson’s disease, motor neuron disease, epilepsy, Guillain-Barré syndrome or
nursing home residency among LNB patients compared with a comparison cohort consisting of 10 gender
and age matched individuals from the general population. However, we did observe an increased short-

term risk of Guillain-Barré syndrome and epilepsy, although this increase was small in absolute terms.

Strength and limitations . \

Study strengths are the large sample size, length and completeness of folloéQXnd the use of national
population-based registers limiting selection bias and allowing compa@with a matched comparison
cohort. Limitations include lack of access to information on CSF- %nt, stage of LNB, initial neurological
symptoms and antibiotic therapy. However, a rigorous caﬁﬁtion of LNB patients requiring both a
positive intrathecal antibody index and a diagnosig\’ f Lyme borreliosis in the DNPR offers reassurance
that the clinical condition was consistent wit@he diagnoses of epilepsy and Guillain-Barré syndrome
have been shown to have high validity j DNPR[9], [10], and the risk of misdiagnosis is minimal with
regards to these diagnoses. It is a @Yﬁal limitation of our study that we did not match individuals in the

comparison cohort by areaC)Qﬁidence. By matching on age and date of birth, however, we believe that

most of the potential coifounding conveyed by area of residence, has been accounted for.

Discussion of our own results and comparison with other studies

A possible association has been suggested between LNB and dementia, Alzheimer’s disease, Parkinson’s
disease and motor neuron diseases[11]—[14]. However unclear or inadequate case definitions of LNB might
have hampered these studies as the magnitude and spectrum of “residual symptoms” has been

demonstrated to increase with less rigorous case definitions [15]. Further, these studies are of small size
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[3], [11], [12], hampered by selection bias [11] or with no adequate comparison cohort [11], [14]. Despite
the long-term follow-up in our large cohort of LNB patients, we were not able to demonstrate any
increased risk of dementia, Alzheimer’s disease, Parkinson’s disease and motor neuron disease, which is
consistent with a geoepidemiology study from the US in which there was no association between the
geographical distribution of Lyme disease and the geographical distribution of these neurological
disorders[16]. In fact, LNB patients might be subject to detection bias inferred by the diagnostic work-up
during and after diagnosis thus increasing the likelihood of diagnosing subclinical dementia, Alzheimer’s
disease, Parkinson’s disease and motor neuron disease [17]. Therefore, it is reassu{qé that no increased
.

risks of these diseases were demonstrated in our study. Finally, as these disea&&Qtially can be subclinical,
it is encouraging that we did not demonstrate any increased risk of nu&@ome residency among LNB
patients, which could otherwise be regarded as a surrogate mar%@eurodegenerative disorders. Taken
together, these findings argue against any association of den@ia, Alzheimer’s dementia, Parkinson’s
disease and motor neuron disease with LNB. It hasbﬁgoposed, that late LNB can cause dementia-like
symptoms [3]. As these dementia-like sympton&ikely to be recorded as dementia in DNPR, this
phenomenon is probably small, as we did@c@erve any increased risk of dementia in our study.

x<
We did not find an increased&erm risk of epilepsy for LNB patients compared with the general
population. However, ngfients had significant more events of epilepsy within the first year of LNB
diagnosis compared with the comparison cohort. It is likely that the diagnostic work up of first-time
seizures might reveal a subclinical LNB, that had resolved spontaneously but left the patient positive for B.
burgdorferi antibody index[18]. This hypothesis is partly supported by the fact that the difference in 1-year
risk of epilepsy was no longer statistically significant in the sensitivity analyses where we excluded persons
diagnosed with epilepsy in the 3 months period leading up to LNB diagnosis. Certainly, LNB can manifest as
epilepsy on rare occasions[18], [19], although much less often than with other infections of CNS[20].

Nonetheless, it is important, that the proportion of LNB patients with a hospital contact related to epilepsy
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was low and did not increase over time. Further, the LNB patients were not at increased risk of being
diagnosed with epilepsy from the second year and onwards. Taken together, epilepsy seems to be a minor

problem in LNB patients.

We found an increased risk of Guillain-Barré syndrome among LNB patients compared with the general
population comparison cohort in the first weeks of follow-up, although in absolute numbers Guillain-Barré
syndrome was very infrequent. The very short time span from LNB diagnosis to Guillain-Barré syndrome is
in line with the finding that Guillain-Barré syndrome often develops within one month after infection[21].
This agrees with case-reports of Lyme borreliosis causing or mimicking Guillain-Bar8 syndrome[22], [23].

.
These case-reports, however, do not fulfill diagnostic criteria of LNB as theycﬁ&y\e y on elevated serum
B.burgdorferi antibodies and not intrathecal antibody index. GuiIIain—E@yndrome is well known to be
caused by bacterial and viral organisms, especially Campylobact@;%i [21]. The molecular basis for this
syndrome is likely to be due to antibody-mediated attack@ e myelin and to some extent the axolemma.
Whether this autoimmune reaction develops prot@&@)ends on pathogen and patient characteristics
[21]. It is difficult from our data to determine%&er LNB starts the autoimmune response of Guillain-
Barré syndrome or LNB mimics the syr@ of Guillain-Barré syndrome. Finally, the diagnosis of LNB
could be a result from diagnostic s patients suffering from Guillain-Barré syndrome are likely to have
a lumbar puncture and var't’QQSF test including B.burgdorferi intrathecal antibody index performed. A

positive intrathecal antiEody test might be due to persistent B. burgdorferi antibody index following an

earlier undiagnosed LNB [24].

We conclude, that LBN does not lead to substantially increased risk of neurological disorders among LNB
patients. A short-term increased risk of Guillain-Barré syndrome and epilepsy observed among LNB patients
is likely to be explained by diagnostic bias. Our findings serve to reassure patients of a low risk of

neurological diseases after an episode of LNB.
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TABLE 1. Risk of neurological disorders in Lyme neuroborreliosis patients compared with members of the comparison cohort

Follow-up period
0-1 years \' 1+ years
Diagnosis (ICD-10) No of event No of event in 1-year risk 1-year risk (%) in Difference in 1-year risl«@ No of event No of event in HR** (95% ClI)
in LNB the comparison (%) in LNB* comparison cohort (95% ClI) in LNB the comparison
patients cohort patients % patients cohort
D)
~=
Dementia 5 12 0.24 0.06 0.18 37 to 0.40) 33 326 0.89 (0.60to 1.31)
Alzheimer’s disease 0 3 0.00 0.01 & (-0.03 to 0.00) 12 108 1.14 (0.62 to 2.06)
Parkinson’s disease 1 1 0.05 0.00 é 0.04 (-0.05 to 0.14) 7 76 0.79 (0.35 to 1.82)
Motor neuron
. 0 3 0.00 0.01 ® -0.01 (-0.03 to 0.00) 3 19 1.86 (0.54 to 6.37)
disease 0
Epilepsy
8 20 0.39 0.10 0.29 (0.02 to 0.56) 35 255 1.31(0.88 to 1.96)
Guillain-Barré
11 0 0.53 0.53 (0.22 to 0.85) 13 7 2.84 (0.59 to 13.69)
syndrome \'
Nursing home Q
) 2 21 0.10 @ 0.08 0.01 (-0.13 to 0.16) 21 304 0.67 (0.42 to 1.06)
residency 0
C.
\J

* LNB; Lyme Neuroborreliosis, **HR; Hazard Ratio ?\
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Figure 1. Cumulative risk of neurological diseases in Lyme neuroborreliosis patients compared

with members of the comparison cohort.
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