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Objectives: To better understand the Lyme borreliosis (LB) burden in Europe, we aimed to estimate the
incidence of symptomatic Borrelia burgdorferi sensu lato (Bbsl) infections after adjusting public health LB
surveillance data for under-detection of symptomatic Bbsl infections.

Methods: Data from seroprevalence studies and estimates of the symptomatic proportion and duration
of antibody detection in Bbsl-infected individuals, derived from reviews of the published literature, were
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used to adjust public health LB surveillance data to estimate the incidence of symptomatic Bbsl infection
in nine European countries from 2018 to 2022.

Results: The prevalence of anti-Bbsl antibodies ranged from 2.3% in Romania to 9.4% in Germany. Under-
detection multipliers varied across surveillance systems; using 10-year duration of antibody detection,
multipliers were 2.4-10.5 in countries reporting all LB cases and 54.6-722.2 in countries reporting only
Lyme neuroborreliosis cases. The incidence of symptomatic Bbsl infection adjusted for under-detection
was highest in Finland, Germany, Norway, Poland, and Switzerland, intermediate in the Czech Republic
and Denmark, and lowest in Ireland and Romania.

Conclusion: Adjustment of LB surveillance for under-detection found a high incidence of symptomatic
Bbsl infection in several European countries. Differences in LB surveillance systems should be considered

when comparing surveillance data between countries and when estimating LB disease burden.
© 2024 Pfizer Inc. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Lyme borreliosis (LB), an infection caused by the spirochete Bor-
relia burgdorferi sensu lato complex (Bbsl), is the most common
tick-borne disease in Europe [1]. Although LB commonly presents
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as erythema migrans (EM), Bbsl infection can disseminate resulting
in Lyme neuroborreliosis (LNB), arthritis, or carditis [1].

The purposes of public health surveillance for LB include iden-
tifying geographic areas with a risk of disease transmission, mon-
itoring disease trends, estimating disease burden, and support-
ing public health decision-making. Many European countries pub-
lish LB surveillance data online [2]. There are, however, marked
differences in the approaches for LB surveillance between coun-
tries. Some countries conduct LB surveillance for both clinician-
diagnosed and laboratory-diagnosed cases and include all clinical
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manifestations of LB (e.g., cases of EM and cases of dissemi-
nated LB). Other countries conduct surveillance only for laboratory-
diagnosed disseminated LB cases or only for laboratory-diagnosed
LNB cases. Most countries that conduct LB surveillance have gov-
ernmental statutes that require notification of LB cases to public
health authorities, but some countries conduct LB surveillance via
voluntary sentinel networks of clinicians. In countries where LB is
statutorily notifiable, the responsibility for reporting cases of LB
varies; some countries require reporting by both clinicians and lab-
oratories, some require reporting only by clinicians, and some re-
quire reporting only by laboratories. Furthermore, there are differ-
ences within and between countries on the ability of clinicians and
laboratories to diagnose LB, contributing to differences in report-
ing of LB cases to surveillance. The marked differences in the ap-
proaches for LB surveillance between countries make it challenging
to compare LB disease burden [2].

Regardless of how LB surveillance is conducted, to be detected
by surveillance a Bbsl-infected person must seek medical care;
this is unlikely to occur if the infected individual does not have
symptoms. To achieve the purposes of public health surveillance,
LB surveillance systems do not need to detect all cases of symp-
tomatic Bbsl infections. Reasons why a symptomatic Bbsl-infected
individual may not be included in public health surveillance in-
clude that persons: (1) do not seek medical care, (2) seek medical
care but are not diagnosed with LB, and (3) are diagnosed with
LB but are not reported as a case to the surveillance system. Sero-
prevalence studies provide estimates of the prevalence of people
with anti-Bbsl IgG antibodies and are a useful tool for understand-
ing the population-based LB burden. The aim of this study was
to enable between-country comparisons of the incidence of symp-
tomatic Bbsl infection and improve the understand of the LB dis-
ease burden in Europe by using data from seroprevalence studies,
along with estimates of the symptomatic proportion and the du-
ration of antibody detection and LB surveillance data, to estimate
the incidence of symptomatic Bbsl infection.

Methods

General population seroprevalence studies were identified
through two literature searches. The first literature search, the re-
sults of which are summarized in an article published in 2023,
was a systematic literature review of literature of articles pub-
lished from 2005 to 2022 [3]. The second literature search, which
was conducted to identify articles published prior to or after the
first search, was a search of articles published in 1998-2023. De-
tails of first search, including the PRISMA diagram, have been pub-
lished [3]; briefly, the searches were conducted in PubMed, Em-
base, and CABI Direct (Global Health) and had no language restric-
tions and used the search terms “Lyme,” “Borrelia,” “borreliosis,”
and “surveillance.” If an identified seroprevalence study only re-
ported on results obtained using a single-tier diagnostic testing
protocol, the results were adjusted to estimate the seropositivity
that would have been observed if a two-tier diagnostic testing
protocol had been used. In addition to seroprevalence studies, LB
surveillance data for countries in Europe were identified by search-
ing public health institute websites and contacting public health
institutions.

The number of incident Bbsl-infected individuals in the area
where, and at the time when, the seroprevalence studies were
conducted was estimated from the number of individuals with
anti-Bbsl IgG antibodies from the seroprevalence studies using
the formula: I=P/D, where I is the number of incident Bbsl-
infected individuals, P is the number of individuals with anti-
Bbsl IgG antibodies, and D is the median duration of detection
of anti-Bbsl IgG antibodies. Population estimates from Eurostat
(https://ec.europa.eu/eurostat) were then used to estimate the inci-
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dence of Bbsl infection (incident cases per 100,000 population per
year [PPY]), for the area where, and the year when, the seropreva-
lence studies were conducted.

We then derived estimates of the proportion of incident Bbsl-
infected persons (i.e., individuals who seroconverted from anti-
Bbsl IgG antibody negative to positive) who reported symptoms
of LB and the persistence of anti-Bbsl IgG antibodies in a per-
son with anti-Bbsl IgG antibodies from a PubMed search of lit-
erature published from 1990 to 2023 (Supplementary Material).
These estimates were then used to estimate the under-detection
of cases of symptomatic Bbsl infection by surveillance (i.e., the
under-detection multiplier), by comparing the incidence of symp-
tomatic Bbsl infection derived from the seroprevalence studies
with the incidence of surveillance-reported LB in the area where,
and time when, the seroprevalence studies were conducted. Finally,
the under-detection multiplier for each country was applied to the
national incidence of surveillance-reported LB in 2018-2022 to de-
rive the estimated national incidence of symptomatic Bbsl infection
in 2018-2022. A sensitivity analysis was conducted, using the same
methodology to estimate the incidence symptomatic Bbsl infection
but using the upper and lower bound of the 95% confidence in-
terval (CI) of the pooled estimate of the symptomatic proportion
instead of using the pooled estimate of the symptomatic propor-
tion.

Results

Population-based seroprevalence studies of anti-Bbsl IgG an-
tibodies were identified in nine (39%) of the 23 countries that
conduct LB surveillance (Figure 1): the Czech Republic, Den-
mark, Finland, Germany, Ireland, Norway, Poland, Romania, and
Switzerland. The approaches for LB surveillance varied in the
nine countries: the Czech Republic, Finland, Germany, Poland, Ro-
mania, and Switzerland had statutory reporting of all clinician-
diagnosed and laboratory-diagnosed LB cases, Norway had statu-
tory reporting of all laboratory-confirmed disseminated LB cases,
and Denmark, and Ireland had statutory reporting of all laboratory-
confirmed LNB cases. LB surveillance in Germany was con-
ducted in nine federal states: Bavaria, Berlin, Brandenburg,
Mecklenburg-Vorpommern, Rhineland-Palatinate, Saarland, Saxony,
Saxony-Anhalt, and Thuringia. LB surveillance in Switzerland was
a voluntary sentinel surveillance network of clinicians which the
public health institute extrapolates to derive nationwide estimates.

Of the nine countries with seroprevalence studies and LB
surveillance, three countries had two studies each resulting in 12
seroprevalence studies (Table 1) [4-14]. In Norway and Poland, the
second study was conducted in the same geographic area as the
first study, so an average seroprevalence was derived from the two
studies by weighting the seroprevalence of each study by the num-
ber of participants in each study. In Finland, the second study was
conducted in a geographic area not included in the first study, so
an overall nationwide seroprevalence was derived from the two
studies by weighting by the seroprevalence in each study by the
population represented in each study. The participants in the 12
seroprevalence studies were adults (age range 18-80 years) except
for the Czech Republic study which also included children. Sero-
prevalence study participants were selected from the nationwide
general population in Denmark, Finland, Germany, and Ireland, the
general population in subnational areas in the Czech Republic (6
of the 14 regions), Norway (5 of the 15 counties), Poland (1 of the
16 provinces), and Romania (6 of the 41 counties), and the nation-
wide general population in rural areas in Switzerland. The num-
ber of participants per country in the studies ranged from 95 in
Poland to 6965 in Germany, and the prevalence of individuals with
anti-Bbsl IgG antibodies ranged from 2.3% in Romania to 9.4% in
Germany.
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Legend

|:| Countries with LB surveillance and adequate seroprevalence data available
CH: Switzerland IE:  Ireland

CZ: Czech Republic NO: Norway

DE: Germany PL:  Poland

DK: Denmark RO: Romania

FI:  Finland

l:| Countries with LB surveillance data available but inadequate or no seroprevalence data

BE: Belgium LT:  Lithuania
BG: Bulgaria LV: Latvia
EE: Estonia PT:  Portugal
FR: France RS:  Serbia
GB: United Kingdom RU: Russia
HR: Croatia Sl:  Slovenia
HU: Hungary SK:  Slovakia

|:| Countries that do not have LB surveillance data available

AD: Andorra MC: Monaco

AL: Albania MD: Moldova
AT: Austria ME: Montenegro
BA: Bosnia and Herzegovina  MK: North Macedonia
BY: Belarus MT: Malta

ES:  Spain NL:  Netherlands
GR: Greece SE:  Sweden

IS: Iceland SM: San Marino
IT:  Italy TR:  Turkey

Ll:  Liechtenstein UA:  Ukraine

LU: Luxembourg VA: Holy See
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Figure 1. European countries with online Lyme borreliosis surveillance data (n = 23) in which there are seroprevalence studies that report the prevalence of anti-Borrelia

burgdorferi sensu lato (Bbsl) IgG antibodies among participants selected from the general population (n = 9).

Table 1

Seroprevalence of individuals with anti-Borrelia burgdorferi sensu lato (Bbsl) IgG antibodies among individuals selected from the general population in the European countries

with online Lyme borreliosis surveillance data.

Country Sample collection location, year(s) Number of Participant age Prevalence of individuals with anti-Bbsl IgG
participants range in years antibodies in area of seroprevalence study
or studies
Czech Republic Central Bohemia, Moravia-Silesia, Plzef, South 270 10-59 5.5%%
Bohemia, South Moravia, and Vyso¢ina
Districts, 2001 [4]
Denmark Nationwide, 2022 5] 1000 32-56 6.2%
Finland Mainland Finland, 2011 [6], Aland Islands, 5748P 29-80 4.0%¢
1993-1997 [7]
Germany Nationwide, 2008-2011 [8] 6965 18-80 9.4%
Ireland Nationwide, sample collection years not 1224 f 3.4%
specified [9]
Norway Agder, Mgre og Romsdal, Rogaland, Vestland, 1713 18-75 6.8%4
and Vestfold og Temark counties, 2010 [10],
and 2012-2013 [11]
Poland Lublin district, 1998-2007 [12] 95P 33-70 5.2%¢
Lublin district, 2013 [13]
Romania Alba, Bistrita-Nasdud, Cluj, Maramures, Sdlaj, 1200 18-75 2.3%
and Satu-Mare counties, 2019-2020 [14]
Switzerland Rural regions (specific regions not specified), 4580 f 6.3%

2008-2009 [15]

Bbsl, Borrelia burgdorferi sensu lato.

2 Study conducted single-tier testing only; adjusted the single-tier seroprevalence from the study in the Czech Republic (10.6%) and Switzerland (12.1%) with the second-

tier test results (52% seropositivity) from Finland seroprevalence study to estimate two-tier seroprevalence.

b Combined sample size from the two seroprevalence studies.

¢ Seroprevalence derived from two studies weighted by represented population in 2011 (mainland [population 5.3M] 3.9% and Aland Islands [population 28,000] 19.5%).
d Seroprevalence derived from two studies weighted by number of participants in study ([n = 1213] 5.8% and [n = 519] 9.2%) studies.
¢ Seroprevalence derived from two studies weighted by number of participants in study ([n = 50] 6.0% and [n = 45] 4.4%).

f Not specified.
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Table 2
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Two scenarios of the under-detection multiplier of symptomatic Borrelia burgdorferi sensu lato (Bbsl) infection by surveillance in the area and at the time-period that the
seroprevalence studies were conducted in the European countries with online Lyme borreliosis (LB) surveillance data®.

Country Year(s) used to Incidence of Scenario #1: 10-year persistence of anti-Bbsl Scenario #2: 20-year persistence of anti-Bbsl
estimate surveillance- IgG antibodies IgG antibodies
multiplier reported - N — - - —
cases Incidence of symptomatic Multiplier Incidence of symptomatic Multiplier
Bbsl infection Bbsl infection
Czech Republic 2001 36 204 5.7 102 2.9
Denmark 2022 4 229 54.6 115 27.3
Finland 2011 67 148 2.2 74 1.1
Germany® 2011 33 348 10.4 174 5.2
Ireland 2012 0.2 126 722.2 63 361.1
Norway 2011 9 252 28.1 126 141
Poland 2010 34 192 5.7 96 2.8
Romania 2020 8 85 10.5 43 5.3
Switzerland 2009 98 232 2.4 116 1.2

Bbsl, Borrelia burgdorferi sensu lato; LB, Lyme borreliosis.

2 Derived using the base-case approach with 37% symptomatic proportion among incident Borrelia burgdorferi sensu lato (Bbsl)-infected cases.
b States of Bavaria, Berlin, Brandenburg, Mecklenburg-Vorpommern, Rhineland-Palatinate, Saarland, Saxony, Saxony-Anhalt, and Thuringia.

The symptomatic proportion literature search identified 4835
articles for title and abstract review, of which 176 (3.6%) were se-
lected for full-text review (Supplementary Figure 1). From these,
four (2.3%) articles met the inclusion criteria (Supplementary Table
1). One additional appropriate article was identified by co-authors,
making 5 articles available for estimating the symptomatic propor-
tion [16-20]. All were cohort studies; four enrolled individuals bit-
ten by a tick and one enrolled individuals at high risk of being bit-
ten by a tick. All study participants were adults. The total number
of participants who reported recently being bitten by a tick within
the past week was 2708; range of participants per study was 100-
1546. The follow-up times after enrollment per study ranged from
42 to 120 days. Three studies reported the frequency of subsequent
tick bites during follow-up; subsequent tick bites among partic-
ipants ranged from 50% to 72%. The studies identified a total of
110 incident Bbsl-infected individuals. The pooled estimate of the
symptomatic proportion among incident Bbsl-infected individuals
was 37% (95% Cl 28%-46%) (Supplemental Figure 2).

The literature search for articles on the persistence of IgG anti-
bodies also identified 4835 articles for title and abstract review, of
which 288 (6.0%) were selected for full-text review (Supplemen-
tary Figure 3). From these, five (1.7%) articles met the inclusion
criteria (Supplementary Table 2). Three additional appropriate ar-
ticles were identified by co-authors, making eight articles available
for estimating symptomatic proportion [21-28]. Six were follow-
up studies of individuals with anti-Bbsl IgG antibodies identified
when they sought medical care and two were follow-up studies
of individuals with IgG antibodies identified by general population
seroprevalence studies. The total number of individuals with anti-
Bbsl IgG antibodies in the studies was 3352; range of individuals
with anti-Bbsl IgG antibodies per study was 22-2287. Five studies
included adults and children, two included only adults, and one in-
cluded only children. The median follow-up times after enrollment
ranged from 0.8 to 12.0 years. The range in the estimated time for
50% of the individuals with anti-Bbsl IgG antibodies to serorevert
to IgG-negative was 0.4-33.3 years; the range was 0.4-30.0 years
among the studies of medically-attended patients and 12.8-33.3
years among studies of the general population. Given the range in
median time for persistence of IgG antibodies in Bbsl-infected in-
dividuals in the eight studies, two scenarios were used: a 10-year
persistence of anti-Bbsl IgG antibodies (scenario #1) and 20-year
persistence of anti-Bbsl IgG antibodies (scenario #2).

Using the identified seroprevalence studies, LB surveillance
data, a 37% symptomatic proportion, and the two scenarios of per-
sistence of antibodies, estimates of the incidence of symptomatic
Bbsl infection and the under-detection multipliers were derived in

the area and time period of the seroprevalence studies (Table 2).
Under scenario #1, the under-detection multipliers were 2.2 in Fin-
land, 2.4 in Switzerland, 5.7 in the Czech Republic, 5.7 in Poland,
10.4 in Germany, and 10.5 in Romania, where all LB cases are re-
ported; 28.1 in Norway, where only disseminated LB cases are re-
ported; and 54.6 in Denmark, and 722.2 in Ireland, where only
LNB cases were reported. The under-detection multipliers were
50% lower under scenario #2 compared to scenario #1.

Under scenario #1, the estimated incidence of symptomatic
Bbsl infection from 2018 to 2022 was predominately >220/100,000
PPY in Finland, Germany, Norway, Poland, and Switzerland, 190-
220/100,000 PPY in the Czech Republic and Denmark, and
<190/100,000 PPY in Ireland and Romania (Table 3). The estimated
incidence was 50% lower under scenario #2 compared to scenario
#1. Results of the sensitivity analyses comparing the estimates of
the incidence of symptomatic Bbsl infection in 2022 in the nine
countries using symptomatic proportions of 28%, 37%, and 46% are
shown in Supplementary Table 3; the incidence of symptomatic
Bbsl infection increased with increasing symptomatic proportion.

Discussion

In this analysis, we demonstrate that several European coun-
tries have a high incidence of symptomatic Bbsl infection; in some
countries, the incidence of Bbsl infection was several-fold higher
than reported incidence of LB in national surveillance. Since dis-
ease incidence is a key measure for estimating disease burden, our
results add to the growing evidence of the substantial LB burden in
Europe. We have previously published data from Finland [29], Ger-
many [30], and Poland [31] using a similar methodology. However,
this report provides more detailed estimates of the proportion of
incident Bbsl-infected persons that report symptoms and the per-
sistence of anti-Bbsl IgG antibodies, the key inputs needed to de-
rive the incidence of symptomatic Bbsl infection from seropreva-
lence studies and LB surveillance data and extends this approach to
all countries in Europe with appropriate data. Using seroprevalence
studies to estimate the incidence of symptomatic infection is a
standard epidemiological approach and has been used for other in-
fectious diseases, but this represents the first application to multi-
national LB estimates [32].

The aim of this study was to improve the understanding of the
incidence of Bbsl infection and LB burden in Europe, where coun-
tries use a variety of approaches for public health surveillance for
LB. Since surveillance systems are not intended to detect all cases
of symptomatic Bbsl infection, it is expected that the estimated in-
cidence of symptomatic Bbsl infection is notably higher than the
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Table 3
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Two scenarios of the incidence (per 100,000 population per year) of symptomatic Borrelia burgdorferi sensu lato (Bbsl) infection after adjusting surveillance-reported Lyme
borreliosis (LB) cases for under-detection of symptomatic Bbsl infection in European countries with seroprevalence studies, 2018-2022°.

A. Scenario #1: 10-year persistence of anti-Bbsl IgG antibodies

Statutory reporting of LB cases Country Multi-plier Incidence of symptomatic Bbsl infection after adjusting for under-detection of cases
of symptomatic Bbsl infection by surveillance
2018 2019 2020 2021 2022
Reporting of all LB cases Czech Republic 5.7 254 220 198 154 191
Finland 2.2 224 230 248 344 278
Germany" 10.4 339 365 423 329 284
Poland 5.7 300 305 193 187 262
Romania 10.5 28 8 15 27 31
Switzerland 24 479 260 384 216 214
Reporting of only disseminated LB Norway 28.1 224 258 267 280 257
cases
Reporting of only Lyme Denmark 54.6 192 161 185 202 230
neuroborreliosis cases Ireland 722.2 194 88 204 58 57

B. Scenario #2: 20-year persistence of anti-Bbsl IgG antibodies

Statutory reporting of LB cases Country Multi-plier Incidence of symptomatic Bbsl infection after adjusting for under-detection of
cases of symptomatic Bbsl infection by surveillance
2018 2019 2020 2021 2022
Reporting of all LB cases Czech Republic 2.9 127 110 99 77 95
Finland 1.1 112 115 124 172 139
Germany" 5.2 200 183 211 164 142
Poland 2.8 150 152 97 94 131
Romania 53 14 4 8 13 16
Switzerland 1.2 240 130 192 108 107
Reporting of only disseminated LB Norway 141 112 129 134 140 129
cases
Reporting of only Lyme Denmark 27.3 96 80 92 101 115
neuroborreliosis cases Ireland 361.1 97 44 102 29 29

Bbsl, Borrelia burgdorferi sensu lato; LB, Lyme borreliosis.

@ Derived using 37% symptomatic proportion among incident Borrelia burgdorferi sensu lato (Bbsl)-infected individuals.
b States of Bavaria, Berlin, Brandenburg, Mecklenburg-Vorpommern, Rhineland-Palatinate, Saarland, Saxony, Saxony-Anhalt, and Thuringia.

incidence of surveillance-reported LB. Under the 10-year persis-
tence of antibodies scenario, in countries with reporting of all LB
cases, the under-detection multipliers ranged from 2.4 to 10.5, in-
dicating that there are 2.4 to 10.5 individuals with symptomatic
Bbsl infection for each surveillance-reported LB case. In contrast, in
countries with reporting of only LNB cases, the multipliers ranged
from approximately 55-722. The high under-detection multiplier
of symptomatic Bbsl-infected individuals by LNB-only surveillance
is expected since LNB is a less common manifestation of Bbsl in-
fection; only an estimated 3% of patients with medically-attended
LB have LNB [1]. Quantifying the extent of the under-detection
of symptomatic Bbsl infection by LB surveillance, including LNB
surveillance, is a useful tool for understanding the LB burden.
Although online LB surveillance data are available in many Eu-
ropean countries, anti-Bbsl IgG seroprevalence studies with spec-
imens collected from a representative sample of the general pop-
ulation were identified for only nine countries. For our analysis,
we did not use seroprevalence studies of persons at increased risk
for tick exposure and/or LB (i.e., studies of forest workers) because
such studies yield a higher prevalence of anti-Bbsl IgG antibod-
ies [3] and are not appropriate for estimating the under-detection
of symptomatic Bbsl infection by surveillance. Two-tier diagnostic
testing protocols which utilize a screening test (with a high sensi-
tivity) followed by a confirmatory test (with a high specificity) of
specimens that are first-tier positive, is a recommended diagnostic
approach in many countries [1]. To reduce the potential for false
positive results which would inflate the seroprevalence estimates,
thereby increasing the number of estimated incident cases and re-
ducing the under-detection multipliers, our intention was to only
use general population seroprevalence which used two-tier diag-
nostic testing. However, two of the seroprevalence studies that we

identified used a single-tier diagnostic testing protocol to identify
Bbsl-infected individuals. Therefore, in our study, we used the re-
sults from the seroprevalence study in Finland [6], which had the
highest proportion of screening test-positive specimens that were
confirmatory test positive (52%), to adjust the results in the two
single-tier seroprevalence studies. The results from the study in
Finland were chosen to adjust the results in the single-tier sero-
prevalence studies as a conservative approach to optimize speci-
ficity.

There are several limitations in the available seroprevalence
studies and LB surveillance data that impact the estimates of the
incidence of symptomatic Bbsl infection. Several of the seropreva-
lence studies had a small number of participants, reducing the ro-
bustness of the prevalence estimates. For example, the two sero-
prevalence studies in Poland only had a total of 95 participants.
Also, to use the estimated under-detection multipliers to estimate
the incidence of symptomatic Bbsl infection in 2018-2022, we as-
sumed that the multipliers had remained unchanged since the
conduct of the seroprevalence study. However, LB awareness may
be increasing in some areas which could result in lower multipli-
ers and lower estimated incidence. Furthermore, most of the par-
ticipants in the seroprevalence studies were adults and most of the
seroprevalence studies did not provide age-stratified prevalence es-
timates. Therefore, it was not possible to derive age-specific under-
detection multipliers and we extrapolated the results of the sero-
prevalence studies to all ages. This is likely a conservative ap-
proach since the prevalence of anti-Bbsl IgG antibodies is prob-
ably higher in adults than children. Therefore, using seropreva-
lence estimates from adults probably over-estimated the popula-
tion seroprevalence, resulting in a higher estimated incidence of
symptomatic Bbsl infection at the time that the seroprevalence
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study was conducted, which when compared to the incidence of
surveillance-reported LB cases from the same time period resulted
in a lower under-detection multiplier. Finally, when the lower
under-detection multiplier was applied to the most recent inci-
dence of surveillance-reported LB cases, it will result in a lower
incidence of symptomatic Bbsl infection at the time of the most
recent surveillance data.

Another limitation of the seroprevalence studies is that the
studies in the Czech Republic, Norway, Poland, and Romania were
conducted among residents of subnational areas. To derive the es-
timate of the national incidence of symptomatic Bbsl infection, we
assumed that the nationwide under-detection multipliers were the
same as the multipliers derived from the seroprevalence studies
and surveillance data in the subnational area. Depending on the LB
incidence in the areas not included in the seroprevalence studies,
the extrapolation of under-detection multipliers nationwide may
result in an underestimation or overestimation of the national inci-
dence of symptomatic Bbsl infection. Furthermore, LB surveillance
in Germany is only conducted in part of the country, therefore, our
estimate of the symptomatic LB incidence is only for the states in
Germany that conduct LB surveillance. In addition, the LB surveil-
lance in Switzerland is a voluntary sentinel surveillance network of
clinicians which the public health institute extrapolates for a na-
tionwide estimate of reported LB cases. Also, the LNB surveillance
data from Ireland included a small number of cases, and therefore
the under-detection multiplier in Ireland may be less reliable. This
is reflected in the year-to-year variability in estimated incidence in
Ireland; for example, the estimated incidence of symptomatic Bbsl
infection was 204/100,000 population in 2020 based on 14 LNB
cases and 58/100,000 population in 2021 based on 4 LNB cases.
The less reliable estimates in Ireland probably contribute to the no-
tably higher multiplier in Ireland than Denmark, the other country
that conducts surveillance only for LNB cases.

Further limitations of our approach to estimate the incidence of
symptomatic Bbsl infection are that the calculations are dependent
on the estimates of the proportion of incident Bbsl-infected indi-
viduals who reported symptoms. We derived an estimate of the
proportion of individuals with serological evidence of an incident
Bbsl infection who reported symptoms during a 3-4 month follow-
up period. However, some patients with LB do not have serological
evidence of infection at the time of the LB diagnosis either because
they will not develop detectable IgG antibodies or it is too early
in the course of illness to have a detectable antibody response.
For example, some persons with EM do not develop detectable
IgG antibodies [1]. Furthermore, Bbsl-infected persons previously
treated with antibiotics may no longer have detectable antibod-
ies [1]. Therefore, the symptomatic proportion among persons with
LB, which includes individuals with and without detectable anti-
Bbsl IgG antibodies, will be higher than the symptomatic propor-
tion among Bbsl-infected persons which includes only individuals
with detectable IgG antibodies. In our study, the symptomatic pro-
portion was estimated from five studies. Including the additional
participants in these studies who developed EM during follow-
up but did not seroconvert, the pooled symptomatic proportion
among persons with incident LB was 52%, which represents a 15%
increase in the symptomatic proportion compared to the propor-
tion (37%) we used in our analysis. Our use of a lower symptomatic
proportion can be considered a conservative approach since it re-
sults in lower estimates of the incidence of symptomatic Bbsl
infection.

To identify studies to estimate the symptomatic proportion, we
used strict inclusion and exclusion criteria. The included studies
had to be follow-up studies that identified incident Bbsl-infected
individuals and interviewed them about symptoms. Although the
five identified studies included almost 3000 participants, the stud-
ies identified a small number of individuals with an incident Bbsl
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infection; therefore the CI of symptomatic proportion in each study
is wide. Also, all participants in the five studies were adults, there-
fore we assumed that the symptomatic proportion in children is
the same as in adults despite the possibility that the symptomatic
proportion may vary by age. Furthermore, with the limited num-
ber of identified individuals with an incident Bbsl infection, there
is insufficient data to stratify the symptomatic proportion among
Bbsl-infected persons by various regions in European. It is possi-
ble that the symptomatic proportion varies by region because the
Bbsl genospecies causing infections may vary by region. Further-
more, the five studies used different approaches to identify in-
cident Bbsl-infected individuals and interview them about symp-
toms. Also, the studies followed participants for only three to 4
months to identify symptoms. A longer follow-up period of the
participants with a Bbsl infection may have identified more symp-
tomatic infected individuals. For example, some Bbsl-infected per-
sons do not report symptoms until they have disseminated disease,
which may occur more than 4 months after infection [25]. How-
ever, using a longer follow-up period to identify additional symp-
tomatic persons is problematic because a high proportion of study
participants reported subsequent tick bites. Despite these limita-
tions, the symptomatic proportion was notably similar between
the five studies. Furthermore, we used the upper and lower bond
of the 95% CI of the pooled estimate of the symptomatic pro-
portion in a sensitivity analysis. As the symptomatic proportion
decreased, the estimated incidence of symptomatic Bbsl infection
declined.

To be included in the studies on the persistence of anti-Bbsl IgG
antibodies, studies had to be follow-up studies of individuals with
anti-Bbsl IgG antibodies. There was a wide range (0.4-33.3 years) in
the median time of persistence of antibodies in the eight identified
studies, which included over 3000 individuals with anti-Bbsl IgG
antibodies. Participants in the studies included children and adults,
but it was not possible to stratify the persistence of antibodies by
age despite the possibility that persistence may vary by age. Sev-
eral factors may contribute to the lack of agreement between the
studies. First, while the individuals with anti-Bbsl IgG antibodies
in five studies sought medical care and may have been treated
with antibiotics, the majority of individuals with anti-Bbsl igG anti-
bodies in two general population studies were likely asymptomatic
and therefore likely did not seek medical care. Antibiotic treatment
of Bbsl-infected persons can shorten the persistence of antibodies
[1]. Second, an individual with anti-Bbsl IgG antibodies could be
subsequently bitten by an infected Ixodes tick which would further
prolong the persistence of antibodies. In the studies used to esti-
mate of the symptomatic proportion, three studies reported that
50%-72% of participants were subsequently bitten by ticks during
the 3- to 4-month follow-up period. Given the lack of agreement
between the studies used to estimate the persistence of antibodies,
we elected to estimate the incidence of symptomatic Bbsl infection
using two scenarios, a 10-year and a 20-year persistence of anti-
Bbsl IgG antibodies. The incidence of symptomatic Bbsl infection is
reduced by 50% using a 20-year persistence compared to a 10-year
persistence.

Results from this study demonstrate a high incidence of symp-
tomatic Bbsl infection in several European countries and provide
estimates of the extent of under-detection of symptomatic Bbsl in-
fection by surveillance. Furthermore, this study shows how under-
detection of symptomatic Bbsl infection varies between different
types of surveillance systems and that differences in surveillance
need to be considered when comparing reported data across coun-
tries.
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