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Background: Our objectives were to improve the following outcomes in patients with Lyme borreliosis (LB)
through an educational intervention in general practice: (i) increase the number of hospital referrals on suspicion
of LB, (ii) increase the number of cerebrospinal fluid (CSF) tests examined for Borrelia burgdorferi antibody index,
(iii) decrease the number of serum-B. burgdorferi antibody tests ordered, (iv) shorten delay from symptom onset
to hospital in Lyme neuroborreliosis (LNB) patients, (v) increase LB knowledge among general practitioners.
Methods: A prospective non-blinded non-randomized intervention trial on the island of Funen, Denmark. The
intervention included oral and written education about LB and was carried out in areas with an LNB incidence
�4.7/100.000 between 22 January 2019 and 7 May 2019. Results were compared between the intervention group
(49 general practices) and the remaining general practices in Funen (71 practices) 2 years before and after the
intervention. Results: In the study period, 196 patients were referred on suspicion of LB, a 28.9% increase in the
intervention group post-intervention, 59.5% increase in the control group (P¼0.47). The number of CSF-Borrelia-
antibody index tests increased 20.8% in the intervention group, 18.0% in the control group (P¼0.68), while
ordered serum-B. burgdorferi antibody tests declined 43.1% in the intervention group, 34.5% in the control
group (P¼0.30). 25.1% had the presence of serum-B. burgdorferi antibodies. We found no difference in LNB
pre-hospital delay before and after intervention or between groups (P¼ 0.21). The intervention group performed
significantly better on a follow-up questionnaire (P¼ 0.02). Conclusion: We found an overall improvement in LB
awareness and referrals among general practitioners but could not show any effect of the intervention on clinical
outcomes of LNB.
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Introduction

Lyme borreliosis (LB), caused by the spirochete Borrelia burgdorferi
sensu lato (Bb), is the most common tick-borne infection in the

northern hemisphere.1 One severe manifestation of European LB is
Lyme neuroborreliosis (LNB), which can present with a wide range of
symptoms from both the central and peripheral nervous system.1,2

In the Danish health care system, the general practitioners are the
first medical professionals to see the majority of LB patients, includ-
ing LNB patients, through their gatekeeper role into the public
health care system. General practitioners using serum-Bb antibodies
as a screening tool when suspecting LB is discouraged in the Danish
clinical guidelines, due to the following available evidence3: ery-
thema migrans (EM), the most common LB manifestation in
Europe, is a clinical diagnosis, with only �50% of patients having
serum-anti-Bb antibodies at the time of diagnosis.4 LNB should be
diagnosed based on clinical symptoms and testing of cerebrospinal
fluid (CSF) and cannot be diagnosed or excluded based on serum-
anti-Bb antibodies.2 Screening patients with non-specific symptoms
for serum-Bb antibodies is not recommended due to the non-
negligible prevalence of serum-Bb antibodies in the background
population, and hence the risk of false-positive tests.4,5

The incidence of LNB in Denmark is �0.9–4.7/100.000 persons,5–8

with the highest reported incidence on the island of Funen.7,8 Residual
symptoms after treatment are a frequent problem, and there is an
association between the delay from symptom onset to antibiotic treat-
ment.8–11 In a previous study on LNB patients on Funen, we found
the delay from symptom onset to antibiotic treatment to be a median
of 24 days.8 This delay did not change in the 20-year study period, and
several patients described multiple contacts to their general practi-
tioners prior to hospital referral, where classic symptoms of LNB
were not recognized.8 The lack of knowledge among general practi-
tioners of correct handling of patients with suspected LNB was con-
firmed in another Danish study where 470 (18%) of the 2643 serum-
Bb antibodies registered were ordered based on suspicion of LNB.5

Using the islands of Funen, Langeland and Ærø as study area, the
objectives of this study were as follows:

• To educate general practitioners working in Funen, focusing on
ticks and LB including epidemiology, symptoms and correct hos-
pital referrals.

• To assess the impact of this educational intervention through
registration of (i) the number of suspected LB patients referred
to a hospital, (ii) the number of CSF samples tested for intrathecal
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anti-Bb antibody production, (iii) the number of ordered serum-
Bb antibody tests from general practice, (iv) the delay from symp-
tom onset to first hospital contact in LNB patients; before and
after the intervention in the group of general practitioners that
had been educated compared with the remaining general practi-
tioners in the study area and (v) the response to a questionnaire
about ticks and LB sent out 2 years after the educational
intervention.

We hypothesized that an educational intervention in general prac-
tice would shorten the delay from LNB symptom onset to diagnoses
and thereby improve treatment outcomes in LNB patients, that
more patients suspected of having LNB would be referred to the
regional reference center for tick-borne infections, the Clinical
Center for Emerging and Vector-borne Infections (CCEVI) at
Odense University Hospital (OUH), that fewer serum-Bb antibody
tests would be ordered by the general practitioners after the inter-
vention and that the general practitioners who had undergone the
educational intervention would perform better on the questionnaire.

Methods

Study design and setting

This prospective, non-blinded, non-randomized interventional trial
was conducted on the island of Funen including the surrounding
islands, with a population of �500 000 on 1 January 2019.12 At this
time, there were 120 registered general practices in the area, with 333
general practitioners. The general practitioners can order serum-Bb
antibodies but have to refer patients to OUH for lumbar punctures.
CCEVI is a secondary referral center based at OUH, and all patients
with suspected tick-borne diseases in the Region of Southern
Denmark including Funen should be referred to this center.
Patients can be referred from general practitioners, from private
specialists or from hospital departments. CCEVI investigates and
diagnoses patients suspected of tick-borne infections, primarily
LB, and treats and follows patients after diagnosis. Around 100
patients are referred to CCEVI yearly, of whom �25 patients from
Funen are diagnosed with LNB. The Department of Clinical
Microbiology at OUH analyzes all serum-Bb antibodies and Bb
intrathecal antibody index tests from inhabitants in the study area.

Study intervention

General practices located in the area codes on Funen, Langeland and
Ærø with an LNB incidence �4.7/100.000 inhabitants were eligible
for the intervention (figure 1). The intervention group was chosen as
these areas consisted of half of the general practices in the area with
40% of the population on Funen at the time of intervention but
contained 50% of the LNB patients from the study area in the
20 years before the intervention. The eligible general practices
received a study invite by e-mail and/or telephone in January
2019. If they did not respond, up to three subsequent attempts of
contact were made in the following 2 months. The educational inter-
vention took place between 22 January 2019 and 7 May 2019.
General practitioners in areas with an LNB incidence <4.7/
100.000 inhabitants were not contacted and were included in the
control group.

The educational program consisted of a face-to-face oral presen-
tation lasting approximately 1 hour supported by a powerpoint
presentation and provided information about Ixodes ricinus ticks,
tick-bites and prevention thereof, transmission of Bb, LB symptoms
focusing on LNB, how to diagnose the different LB manifestations,
and correct referrals in suspected cases of LNB. The content taught
was in agreement with Danish and European guidelines, and em-
phasis was made on the limited indications for ordering serum-Bb
antibody tests in general practice.2,3 At the educational intervention,
all participants received written, laminated take-home messages (see

Supplementary appendix S1) which included a direct contact phone
number and e-mail address to CCEVI that they were encouraged to
use with questions related to tick-borne diseases. In May 2020, a
reminder of the contact data and another set of take-home messages
were sent by e-mail and postal mail. In February 2021, all general
practitioners in the study area—intervention group and control
group—with an available e-mail address were sent a questionnaire
consisting of eight questions about ticks and LB (see Supplementary
appendix S2).

Registered data

We registered the number of patients referred to CCEVI with a
diagnosis of suspected LB (WHO ICD-10 code including DA69.2)
during the study period; 2 years prior to (2017 and 2018) and 2
years during/after the intervention (2019 and 2020), in the interven-
tion group and the control group. For all patients in the study area
during the study period, we registered the number of lumbar punc-
tures examined for CSF-Bb-intrathecal antibody index (CSF-Bb-AI)
and the number of serum-Bb antibody tests ordered from general
practitioners in the two groups during the study period.
Furthermore, LNB patients from the study area registered with a
positive CSF-Bb-AI at the Department of Clinical Microbiology,
OUH, were compared in terms of symptom debut and frequency
of residual symptoms at last hospital contact. The pre-hospital delay,
defined as the delay from LNB symptom onset to first hospital
contact, was compared between LNB patients with a general prac-
titioner in the intervention group and the control group. Finally, the
number of correct answers on the questionnaire was compared be-
tween general practitioners in the intervention group and the con-
trol group.

Figure 1 Map of the island of Funen, Langeland and Ærø. Divided
by postal codes into areas with a Lyme neuroborreliosis incidence of
�4.7/100.000 population per year, where general practices were
eligible for inclusion (dark blue), and areas with Lyme neurobor-
reliosis incidence <4.7/100.000 population, not eligible for inclusion
(light blue). The areas of gry color are serviced by general practi-
tioners with addresses in other postal codes.
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Borrelia burgdorferi serological assays

The second-generation IDEIA LNB test (Oxoid, Hampshire, UK)
was used for detection of intrathecal synthesis of Bb-specific anti-
bodies, and the Liaison Borrelia IgG (REF 310880) and IgM (REF
310020) CLIA assays (Diasorin, Saluggia, Italy) for serum-Bb
antibodies.

Statistics

To test for significance between groups, the t-test was performed for
normally distributed data, Wilcoxon–Mann–Whitney test, Kruskal–
Wallis test and the Median test for non-normally distributed data,
and the chi-squared test and Fisher’s exact test were used for cat-
egorical data. A P value of <0.05 was considered statistically
significant.

Ethical considerations

The study was approved by the Danish Data Protection Agency
(J.nr. 19/4351) and the Legal Office at the Region of Southern
Denmark (J.nr.20/58889). The protocol is published on clinical-
trials.gov (Identifier: NCT03820999).

Results

Inclusion of general practices

Of the 120 general practices in the study area by 1 January 2019, 59
practices were invited to participate in the intervention, of which 49
practices were included (figure 2). These practices covered �34% of
the population in the study area. The remaining 71 practices con-
stituted the control group.

Outcome 1: patients referred to CCEVI

During the study period, 196 patients were referred to CCEVI with
an LN diagnose directly from general practitioners in the study area
(table 1, referrals). We found a 28.9% increase in referrals from the
general practitioners in the intervention group in the 2 years during
and after the intervention compared with the 2 years before the
intervention. However, in the control group, the increase in referrals
was 59.5% in the same time period (P¼ 0.47).

Outcome 2: patients examined for LNB

In all, 1818 CSF-Bb-AI samples from 1750 patients who had a gen-
eral practitioner in the study area were included for analysis (table 1,
intrathecal antibody tests). There was a 19.0% total increase in the
number of CSF-Bb-AI tests performed from 2017/2018 to 2019/
2020: 20.8% in the intervention group, 18.0% in the control group
(P¼ 0.68). In all, 63 tests (3.5%) were positive. A positive CSF-Bb-
AI was significantly more frequent in the intervention group
(n¼ 35, 5.0%) compared with the control group (n¼ 28, 2.5%),
P¼ 0.005. In both groups, the percentage of positive tests declined
in the second half of the study period. There was a significant dif-
ference in the percentage of positive tests found between the differ-
ent hospital departments ordering the lumbar punctures
(Supplementary appendix S3).

Outcome 3: serum Borrelia burgdorferi antibodies

Of the 8242 serum-Bb antibody tests performed at the Department
of Clinical Microbiology, OUH, in the study period, 1977 tests from
1616 persons were ordered by general practitioners from Funen and
the islands (table 1, serum antibody tests; Supplementary appendix
S4). This represents a mean 1.5 tests per general practitioner per
year. Of these, 1117 (56.5%) tests were from females and 68 (3.4%)
from children <18 years of age. There was a significant reduction in
tests ordered in 2019/2020 (n¼ 754) compared with 2017/2018

(n¼ 1223), P< 0.001, corresponding to 122 tests/100.000 popula-
tion/year before the educational intervention, 75 tests/100.000
population/year after. The reduction in testing from 2017/2018 to
2019/2020 was 43.1% in the intervention group and 34.5% in the
control group, P¼ 0.30 (details in Supplementary appendix S5). Of
the 1977 serum-Bb antibody tests, 497 (25.1%) were positive, 204
(10.3%) IgM positive, 183 (9.3%) IgG positive and 110 (5.6%) IgM
and IgG positive.

Outcome 4: Lyme neuroborreliosis treatment delay

During the 4-year study period, 63 patients from the study area had
a positive CSF-Bb-AI test: 18 in 2017, 16 in 2018, 17 in 2019 and 12
in 2020 (table 2). We found no difference in pre-hospital delay
between the patients in the intervention group after the interven-
tion, compared with the intervention group before intervention and
the control group (P¼ 0.40). Of the 63 patients, 10 (15.9%) were
not seen after ended antibiotic treatment. At 6-month follow-up
after ended treatment, we found 22 patients (34.9%) to have one
or more residual symptoms after infection, the most common being
radicular pain (n¼ 8) and altered sensitivity (n¼ 5). We found no
reduction in risk of sequelae in the intervention group after the
intervention compared with the other patients (P¼ 0.33).
Seventeen patients had cognitive symptoms (fatigue, memory im-
pairment and/or concentration difficulties) at 6-month follow-up,
and again we found no correlation between patient group and risk
of cognitive residual symptoms (P¼ 0.37).

Outcome 5: follow-up questionnaire

After the intervention and until 31 December 2020, 33 inquiries
were received at CCEVI by telephone or e-mail from 22 of the 49
clinics (44.9%) in the intervention group. The inquiries were regard-
ing possible LNB (n¼ 16), dermatological manifestations of LB
(n¼ 6), serum-Bb antibody test results (n¼ 3), unspecific symptoms
after tick-bite (n¼ 3), tick-borne encephalitis virus (n¼ 3), ticks
(n¼ 1) and possible Lyme arthritis (n¼ 1). The inquiries led to 12
referrals for lumbar punctures on suspicion of LNB, 2 referrals to
other departments, 3 recommendations of antibiotic treatment,
while 16 inquiries needed no further follow-up.

The questionnaire was sent to the 107 general practitioner clinics
in the study area from which an e-mail address was available: the 49
clinics in the intervention group and 58 in the control group. In all,
42 general practitioners answered the questionnaire, of whom 21
(50.0%) were in the intervention group. Of eight questions, the
median correct number of answers was 7 [interquartile range
(IQR) 7–8)] in the intervention group, 6 in the control group
(IQR 6–7), P¼ 0.02. Only three general practitioners in the inter-
vention group (14.3%) had >1 incorrect answer on the question-
naire, compared with 12 (57.1%) in the control group (P¼ 0.004).
The general practitioners were also asked how often the patient’s
requests contributed to them ordering serum-Bb antibody tests.
Here, 23 (54.8%) responded that the patient request never contrib-
uted, 7 (16.7%) in up to 10% of times, 4 (9.5%) 11–25% of times
and 7 (16.7%) >25% of times. A significantly higher proportion of
the general practitioners in the intervention group never felt pres-
sured by patients request, compared with the control group (71.4%
vs. 38.1%, P¼ 0.03).

Discussion

Summary of main findings

This study intended to improve the clinical behavior among general
practitioners through an educational intervention about ticks and
LB. The outcomes were reached with a decrease in ordered serum-
Bb antibodies and an increase in number of CSF samples examined
by CSF-Bb-AI test. There were also an increase in the number of
patients referred from the general practitioners to the regional
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reference center for tick-borne diseases, CCEVI, on suspicion of LB.
However, we could not show any intervention effect on treatment
delay and thereby risk of sequelae in LNB patients.

Increase in referred patients

We observed an overall increase in referrals to CCEVI for suspected
LB from general practitioners in both groups. We can only speculate
if this represents an increased general awareness of LB over time
among general practitioners. The lower increase in referrals from the
intervention group could represent more confidence in clinical as-
sessment of LB after the intervention, as well as the opportunity to
contact CCEVI for guidance.

Increase in patients examined for LNB

More patients were examined for LNB after the intervention. But
this increase was seen in both groups, and therefore not likely to be
caused by the intervention itself. The percentage of positive CSF-Bb-
AI tests was higher in the intervention group, as expected by the
higher LNB incidence in this area, but the positive rate did not
increase after the intervention. The overall positive percentage of

3.5% in the study area is in accordance with previous Danish
findings.13

Decrease in serum Borrelia testing and potential
consequences thereof

One of our main teaching points was the limited indications for
ordering serum-Bb antibody tests in general practice. The aim, a
marked reduction in ordered tests in the intervention group after
the intervention, was accomplished. But with the comparable reduc-
tion seen in the control group, this was more likely due to general
awareness among general practitioners about the clinical limitations
of Bb serology rather than the intervention itself.

The reduction in ordered serum-Bb antibody tests, and thereby a
decrease in false-positive tests has several positive implications.
Besides the economic gain, it will likely mean less prescribed anti-
microbial treatments for patients without active infection.14–17

False-positive serum-Bb antibody tests may cause stress and anxiety
in patients with unspecific symptoms and lead to delayed diagnosing
and overlooking other causes of symptoms.18–22 As some LNB
patients have no serum antibodies at time of positive CSF-Bb-AI,
referring for lumbar puncture instead of screening with serum-Bb

Figure 2 Flow chart of inclusion of general practices into an educational intervention about ticks and tick-borne infections on the islands of
Funen, Langeland and Ærø.
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antibodies in general practice will reduce the risk of overlooking
LNB based on false-negative serum-Bb antibody tests.8,23,24

In our study, we have limited data regarding the general practi-
tioners motives for ordering serum-Bb antibodies. Other studies
have demonstrated that general practitioners test patients for the
presence of serum-Bb antibodies for multiple reasons including sus-
pected EM and after tick-bites. These practices are not supported by
international guidelines and recommendations.5,25–27 In a qualita-
tive Dutch study, general practitioners admitted to referring patients
with unspecific symptoms for Bb serology on patients’ request, hop-
ing for a negative result.28 In our questionnaire, almost half the
general practitioners admitted ordering serum-Bb antibodies partly
on patients’ request. However, the number of tests was low with 1.5

tests/general practitioner/year in a highly endemic LB area. Of these,
25% were positive, a higher prevalence than previously found in
similar settings.5,24 Our high positive-rate matches that of Danish
hunters, a highly tick-exposed group.29 This supports the theory that
these patients were a selected group with a higher risk of LB than the
background population. It also confirms the study area as highly
endemic for LB.

Increased LB knowledge but unchanged pre-hospital
delay

The pre-hospital delay among LNB patients with the general practi-
tioners in the intervention group remained unchanged after the

Table 2 Characteristics of 63 patients with Lyme neuroborreliosis in the period 2017–20 from Funen, Langeland and Ærø, Denmark, divided
into an intervention group and a control group

Control group N 5 32 Intervention group before N 5 18 Intervention group after N 5 13 All N 5 63

Sex, male (%) 17 (53.1) 10 (55.6) 7 (53.9) 34 (54.0) P¼ 0.99

Age, median (IQR) 53 (36–68) 68 (48–71) 58 (45–70) 58 (40–70) P¼ 0.20

Comorbiditiesa (%)

0 25 (78.1) 13 (72.2) 8 (61.5) 46 (73.0) P¼ 0.08

1 6 (18.8) 5 (27.8) 2 (15.4) 13 (20.6)

�2 1 (3.1) 0 3 (23.1 ) 4 (6.4)

Pre-hospital delay,

days, median (IQR)

21 (9–47) 23 (9–64) 29 (17–121) 23 (9–56) P¼ 0.40

Residual symptoms

after 6 months (%)

13 (40.6) 6 (33.3) 3 (23.1) 22 (34.9) P¼ 0.33

Cognitive symptoms

after 6 months (%)

8 (25.0) 5 (27.8) 4 (30.8) 17 (27.0) P¼ 0.37

a: Comorbidities measured by use of the Charlson comorbidity index.

Table 1 Presenting the impact of an educational intervention among an intervention group of 49 general practices, compared with a
control group (71 general practices) on Funen, Langeland and Ærø, Denmark, in the 2 years before (2017þ2018) and during/after
(2019þ2020) the intervention

Before educational intervention After educational intervention All

2017 2018 2019 2020

Referrals Increase after educational

intervention

Intervention group 16 22 28a 21 87 28.9%

Control group 11 31 43 24 109 59.5%

All 27 53 71 45 196 45.0%

Intrathecal antibody tests Increase after educational

intervention

Intervention group 128 (9; 7.0%)b 190 (10; 5.3%) 203c (10; 4.9%) 181 (6; 3.3%) 702 (35; 5.0%) 20.8%

Control group 224 (9; 4.0%) 288 (6; 2.1%) 306 (7; 2.3%) 298 (6; 2.0%) 1116 (28; 2.5%) 18.0%

All 352 (18; 5.1%) 478 (16; 3.3%) 509 (17; 3.3%) 479 (12; 2.5%) 1818 (63; 3.5%) 19.0%

Serum antibody tests Decrease after educational

intervention

Intervention group 293 255 179d 133 860 43.1%

Control group 337 338 252 190 1.117 34.5%

All 630 593 431 323 1.977 38.3%

Referrals: Number of patients referred from the general practitioners in the two groups under the diagnosis Lyme borreliosis to the Clinical
Center for Emerging and Vector-borne Infections at Odense University Hospital. Intrathecal antibody tests: Number of cerebrospinal fluid
samples tested for intrathecal production of Borrelia burgdorferi antibodies in patients from the two groups. Serum antibody tests: Number
of ordered serum anti-B. burgdorferi antibody tests from the general practitioners in the two groups.
a: Three tested before intervention.
b: Number of tests (number positive; % positive).
c: Thirty-seven tested before intervention (4 positive).
d: Twenty-one samples ordered before the educational intervention.
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intervention. As these numbers were small, no conclusions can be
drawn from these results. However, we found the general knowledge
about LB to be increased 2 years after the intervention among gen-
eral practitioners in the intervention group, as was their confidence
in ordering serum-Bb antibodies.

Study implications for future research

While the knowledge on tick-borne infections improved among the
general practitioners over the study period, our intervention had a
limited impact on clinical decision-making and LNB pre-hospital
delay. This important finding has future implications. Our classical
teaching-based intervention was resource- and time-consuming and
suggests it is not cost-effective with similar interventions going for-
ward. But, as the knowledge of tick-borne diseases among the gen-
eral population is limited, other approaches are crucial to influence
clinical behavior and thereby reduce the LNB pre-hospital delay.30

Two such approaches could be utilization of Citizen Science and
Nudging campaigns, focusing on increasing awareness and educat-
ing the population.31–33 Also, based on the myriad of hospital
departments and private specialists ordering serum-Bb tests, limiting
the number of physicians diagnosing LB in the future will likely have
a positive impact. More effort should be directed towards awareness
of the rare LB complications in Europe (arthritis, carditis, acroder-
matitis chronica atrophicans) where serum-Bb antibody tests are still
indicated to establish the diagnosis, and towards more knowledge of
the relatively high false-positive rates of serum-Bb antibodies, espe-
cially isolated serum-Bb IgM.17,34

Study limitations

Our study has several weaknesses. The general practitioners in the
intervention group were contacted in January 2019, but the teaching
period lasted until primo May. The 2019 numbers therefore do not
represent the entire year. However, the tick-season with the highest
activity, disease burden and referrals of patients, ranges from May to
October.8,35 Only 11.7%, 18.2% and 10.7% of the serum-Bb anti-
bodies, CSF-Bb-AI and patients referred to CCEVI in 2019 from the
intervention group were prior to the intervention. We therefore
chose to include all 2019 results in this group. We cannot know
whether the intervention group and the control group differed in
their knowledge about ticks and LB prior to the intervention.
Sending out a questionnaire prior to the intervention could have
uncovered any differences between the groups. This was not done,
and this represents a limitation in the study setup.

Furthermore, we observed a reduction in all of our outcome
parameters from 2019 to 2020, likely due to the COVID-19 pan-
demic. Since March 2020, Denmark has had periods with lockdown,
and the general practitioners have had less consultations.36 On the
other hand, with restrictions on international travel and indoor
activities, the Danish population has spent more time outdoors dur-
ing the COVID-pandemic.36 This might have led to increased risk of
tick-bites and tick-borne diseases in 2020 compared with previous
years, as seen in other European countries.37 There is also cause for
concern regarding overlooked cases or delayed diagnosing of LB due
to COVID-19.38 The 2020 decline is more likely to represent a
change in access to health care and testing rather than declining
cases of LB.

Conclusion

In conclusion, we found an overall improvement in LB awareness
and referrals among the general practitioners during the study
period. This was, however, more likely due to a general increased
attentiveness than due to our intervention, and it did not improve
treatment delay and thereby risk of residual symptoms in LNB
patients. Our results confirm that educational teaching cannot stand

alone and that a multifaceted approach is needed to decrease the
diagnostic delay in LB.

Supplementary data

Supplementary data are available at EURPUB online.
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