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Abstract

Objectives: Although tick-borne diseases account for a large number of health care visits in the United States, clinical
practices for tick bite and Lyme disease treatment and prevention are not well understood. The objective of this study was
to better understand factors associated with clinical practices related to tick bites and Lyme disease.

Methods: In 2013-2015, questions about tick-bite evaluation, Lyme disease diagnosis and treatment, appropriate use of
Lyme disease testing, and tick-bite prevention were included in Porter Novelli’'s DocStyles survey, a nationally representative
annual web-based survey of health care providers. We performed analyses of responses by provider license type and state-
level incidence (high or low) of Lyme disease in 2019.

Results: A total of 4517 providers were surveyed across the 3 study years. Overall, 80.9% of providers reported that they
had evaluated at least | patient for a tick bite, 47.6% had diagnosed at least | patient with Lyme disease, and 61.9% had treat-
ed at least | patient for Lyme disease in the previous year. Providers from states with a high incidence of Lyme disease saw
more patients for tick bites and Lyme disease than providers from states with a low incidence of Lyme disease. Few providers
correctly chose Lyme disease testing as clinically useful in the hypothetical case of a patient from a state with a high incidence
of Lyme disease with an arthritic knee (36.0%) or with new-onset atrioventricular block (39.5%), and respondents across all
provider types incorrectly chose testing when not clinically indicated. Most providers (69.7%) reported routinely recom-
mending tick-bite prevention methods to patients.

Conclusions: Many providers evaluate patients for tick bites and treat patients for Lyme disease, but knowledge about
appropriate testing is low. Providers may benefit from tailored education about appropriate Lyme disease diagnosis, testing,
and effective tick-bite prevention.
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In the United States, Lyme disease is caused by infection with
Borrelia burgdorferi or Borrelia mayonii, transmitted to humans
through the bite of infected Ixodes scapularis or I pacificus ticks.
Lyme disease was first described in 1977 and has been a nation-
ally notifiable condition in the United States since 1991." It is
the most commonly reported vector-borne illness nationally,
with 33 666 cases reported to the Centers for Disease Control and
Prevention (CDC) in 2018.* Studies from 2014 and 2015 suggest
that the annual number of people diagnosed with and treated for
Lyme disease in the United States may be closer to 300 000.*°
Most cases of Lyme disease occur in focal geographic regions,
including the Northeast, mid-Atlantic, and upper Midwest.
During 2008-2015, fourteen states in these regions accounted for
95.2% of all reported cases in the United States.® The geographic

distribution of Lyme disease is related to various factors, includ-
ing spatial distribution of the tick vectors, infection prevalence in
ticks, abundance of reservoir hosts, and frequency of human
exposure to ticks.™®
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Since 1995, CDC has recommended 2-step serologic
laboratory testing to support clinician evaluation of
patients with symptoms consistent with Lyme disease and
with possible exposure to infected ticks.” However, sero-
logic testing can be nuanced and is not always appropriate
for patients with suspected exposure or disease. Clinicians
must consider a patient’s history, timing of symptoms,
and pretest probability to order and interpret results of
Lyme disease diagnostic testing accurately.'” When a
patient has an asymptomatic tick bite, serologic testing is
not recommended because (1) the patient may not have
been infected with the bacteria that causes Lyme disease
and (2) antibodies to the Lyme disease bacteria generally
are not detectable before an infected patient develops
symptoms. Similarly, serologic testing for Lyme disease
is not indicated for patients in Lyme disease—endemic
areas who present with erythema migrans, the rash of
early Lyme disease; in such cases, erythema migrans rash
is a clinical diagnosis, and antibiotic treatment is recom-
mended without diagnostic testing because test results
can be negative in early Lyme disease when antibodies
might not have yet fully developed.'' However, serologic
testing can provide supportive information for the diag-
nosis of disseminated Lyme disease, including Lyme
arthritis and neurologic manifestations, when false-
negative results are rare. Finally, test of cure is not recom-
mended because of the long period in which antibodies
can persist after the infection is successfully treated.'?
Perhaps not surprising, given these nuances, previous
evaluations of health care providers (hereinafter, provid-
ers) indicate that confusion about Lyme disease testing is
common. ">

Providers are encouraged to counsel their patients
about Lyme disease prevention in endemic areas. Effective
prevention techniques include performing tick checks
after being outside, wearing US Environmental Protection
Agency-recommended repellents, showering soon after
being outdoors, examining gear and pets for ticks, treat-
ing clothing and gear with products containing 0.5% per-
methrin, and avoiding tick habitats."”

Currently, it is unclear how frequently providers in the United
States see patients for tick bites, recommend Lyme disease test-
ing and treatment, and offer counseling on tick-bite prevention.
To address these uncertainties, a survey was designed and admin-
istered to a nationally representative sample of providers in the
United States. The objective of this study was to better under-
stand factors associated with clinical practices related to tick bites
and Lyme disease.

Methods
Study Design and Population

DocStyles is a web-based survey of providers in the
United States conducted by Porter Novelli, a public

relations firm with a specialty practice in health and
social marketing. CDC licensed results of the DocStyles
2013, 2014, and 2015 surveys after data collection from
Porter Novelli. Analysis of these data was exempt from
human subjects research review because individual iden-
tifiers were not included in the database.

Providers were identified from the SERMO Global
Medical Panel, an opt-in panel of medical professionals
in the United States.'® Panelists were verified using a
double opt-in sign-up process with telephone confirma-
tion at place of work. SERMO identified a random sam-
ple of eligible providers from its main database and sent
them an electronic invitation to participate in the study,
including a link to the web-based survey. All respondents
were screened to include only providers in the United
States who actively saw patients; worked in an individual,
group, or hospital practice; and had been in practice for at
least 3 years.'?! Participants received an honorarium for
completing the survey. A full description of the methodol-
ogy is available elsewhere.”

We limited this analysis to family/general practitioners,
internists, pediatricians, and nurse practitioners. We excluded
obstetricians/gynecologists from analysis because these spe-
cialists would not be expected to frequently encounter tick-
borne disease. Survey quotas were set to reach 1000 primary
care physicians (family/general practitioners and internists),
250 pediatricians, and 250 nurse practitioners.

Variables Measured

The anonymized DocStyles surveys contained questions
covering various medical topics. The 5 questions pertaining
to tick bites and Lyme disease evaluated for this study were:

Question 1 (2013): In the past year, how many patients did
you treat for each of the following [tick bite; Lyme disease]?
(Select one: none, 1-5 patients, 6-10 patients, 11-25 patients,
26-100 patients, >100 patients).

Question 2 (2014): In the past year, how many patients did
you evaluate for a recent tick bite? (Select one: none, 1-5
patients, 6-10 patients, 11-25 patients, 26-100 patients, >100
patients).

Question 3 (2014): In the past year, how many patients did
you diagnose with Lyme disease? (Select one: none, 1-5
patients, 6-10 patients, 11-25 patients, 26-100 patients, >100
patients).

Question 4 (2015): (Scenario) You are seeing a patient who
lives in Minnesota. In which of the following situations
would Lyme disease testing be clinically useful? (Select all
that apply: arthritic knee, tick bite—asymptomatic, erythema
migrans rash, new-onset atrioventricular block, test of cure
after Lyme disease treatment, none of these).

Question 5 (2013): What steps do you routinely recommend
to patients to prevent tick bites? (Select all that apply: I do
not routinely discuss this, wear repellent, shower soon after
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coming indoors, check for ticks daily, I recommend other
actions not listed here).

Statistical Analysis

‘We combined analogous survey questions across study years for
data analysis in 2019. We used SAS version 9.4 (SAS Institute,
Inc) to calculate frequencies and Pearson y” tests to compare cate-
gorical data. For each comparison, we selected the reference
group as the provider type with the highest proportion of incorrect
answers or the provider type with the lowest proportion of preven-
tion recommendations. We defined 14 states as having a high inci-
dence of Lyme disease based on having an average annual
incidence of >10 confirmed cases of Lyme disease per 100 000
population during the 2008-2015 CDC reporting period.® All
other states, including the District of Columbia, had a low inci-
dence of Lyme disease (n = 36). Because Vermont does not partic-
ipate in the DocStyles survey, information about providers from
this state was not available. For questions 2-4, we estimated the
annual frequency of visits to providers by patients with tick bites
or Lyme disease using the midpoint value for each categorical
response (eg, 3 for 1-5 patients or 101 for >100 patients) and the
estimated total number of patients seen for the year (assuming an
average of 45 working weeks in a year) reported by each

respondent, including those who reported no patients. We used
multivariable logistic regression with backward stepwise selec-
tion to identify factors related to clinical practice. Covariates con-
sidered for the regression analyses included practice setting
(inpatient vs outpatient), Lyme disease endemicity based on state
of residence, license type, years in practice (>10 years vs <10
years), and number of patients seen per week (>100 vs <100
patients). We set significance at an o level of .05.

Results

A total of 4517 people responded during 2013-2015. Across the
3 survey years, most respondents were male (n = 2778, 61.5%)
and aged >40 (n=3030, 67.1%), with a median age of 45 (range,
22-85) (Table 1). The median time in practice was 14 years
(range, 3-50 years). Most respondents were non-Hispanic (n =
4318, 95.6%), white (n = 3023, 66.9%), and working in a group
setting (n = 3060, 67.7%). One-third of respondents lived in
states with a high incidence of Lyme disease (n = 1505, 33.3%).

Patients Treated or Evaluated for a Tick Bite

The characteristics of providers who reported treating (2013) or
evaluating (2014) a patient for a tick bite were similar. Overall,

Table I. Demographic characteristics of health care provider respondents, by survey year, United States, DocStyles surveys, 2013-2015*

2013 2014 2015 Total

Characteristics (n=1506) (n=1510) (n=1501) (n=4517)
Male sex 940 (62.4) 917 (60.7) 921 (61.4) 2778 (61.5)
Aged >40 1089 (72.3) 975 (64.6) 966 (64.4) 3030 (67.1)
Race

White 1062 (70.5) 991 (65.6) 970 (64.6) 3023 (66.9)

Asian 302 (20.1) 354 (23.4) 367 (24.5) 1023 (22.6)

Other 103 (6.8) 124 (8.2) 122 (8.1) 349 (7.7)

Black or African American 39 (2.6) 41 (2.7) 42 (2.8) 122 (2.7)
Non-Hispanic ethnicity 1443 (95.8) 1437 (95.2) 1438 (95.8) 4318 (95.6)
High incidence of Lyme disease® 512 (34.0) 495 (32.8) 498 (33.2) 1505 (33.3)
Provider type

Family/general practitioner 566 (37.6) 542 (35.9) 465 (31.0) 1573 (34.8)

Internist 440 (29.2) 466 (30.9) 535 (35.6) 1441 (31.9)

Pediatrician 250 (16.6) 252 (16.7) 250 (16.7) 752 (16.6)

Nurse practitioner 250 (16.6) 250 (16.6) 251 (16.7) 751 (16.6)
Practice setting

Group 1027 (68.2) 1047 (69.3) 986 (65.7) 3060 (67.7)

Hospital 171 (11.4) 197 (13.0) 244 (16.3) 612 (13.5)

Individual 308 (20.5) 266 (17.6) 271 (18.1) 845 (18.7)
>10 Years of practice 1050 (69.7) 942 (62.4) 956 (63.7) 2948 (65.3)
<100 Patients per week 890 (59.1) 921 (61.0) 950 (63.3) 2761 (61.1)

*Data source: Porter Novelli Public Services.'*?'

PFourteen states were defined as having a high incidence of Lyme disease based on having an average annual incidence of =10 confirmed cases of Lyme
disease per 100 000 population during the 2008-2015 reporting period of the Centers for Disease Control and Prevention.® All other states were classified

as having a low incidence.



Public Health Reports 00(0)

45

40

35

M States with high incidence of Lyme disease

O States with low incidence of Lyme disease

w
o

N
wv

20 -

% of health care providers

=
w

10

None 15 6-10

No. of patients treated or evaluated by health care provider for tick bite or Lyme disease in previous year

| m

11-25 26-100 >100

Figure. Estimated proportion of health care providers who treated or evaluated patients for a tick bite in the previous year (n = 3016),
by number of patients treated or evaluated and by whether they practiced in a state with a high incidence of Lyme disease (n = 14) or
a state with a low incidence (n = 36), United States. Data source: Porter Novelli Public Services, DocStyles surveys 2013-2014.""%° The
2013 DocStyles survey question used the word “treat” and the 2014 DocStyles survey question used the word “evaluate.” High incidence
was based on having an average annual incidence of 210 confirmed cases of Lyme disease per 100 000 population during the 2008-2015

Centers for Disease Control and Prevention reporting period.®

2440 of 3016 (80.9%) respondents in the 2013 and 2014 surveys
had treated or evaluated at least 1 patient for a tick bite in the
previous year. The percentage of providers who saw patients in
the higher-range categories (26-100 and >100 patients) for tick
bites was higher in states with a high incidence of Lyme disease
than in states with a low incidence. Conversely, most (61.9%)
providers in states with a low incidence reported seeing no
patients (23.0%) or 1-5 patients (38.9%) for tick bites (Figure).
Providers in states with a high incidence of Lyme disease reported
seeing an average of 5 cases of tick bites per 1000 patients in the
2013 survey and 6 cases of tick bites per 1000 patients in the
2014 survey. Providers from states with a low incidence of Lyme
disease saw 3 cases of tick bites per 1000 patients in the 2013
survey and 2 cases of tick bites per 1000 patients in the 2014
survey.

Providers who saw at least 1 patient for a tick bite in the pre-
vious year were more likely to live in a state with a high inci-
dence of Lyme disease (odds ratio [OR] = 2.7; 95% CI, 2.1-3.4)
and see >100 patients per week (OR = 1.9; 95% CI, 1.5-2.4) than
providers who did not see patients for tick bites. Compared with
nurse practitioners, family/general practitioners (OR = 3.0; 95%
CI, 2.3-4.0), internists (OR = 1.5; 95% CI, 1.1-1.9), and pediatri-
cians (OR =2.1; 95% CI, 1.5-2.8) were significantly more likely
to evaluate tick bites.

Lyme Disease Diagnosis and Treatment

Almost half (n = 719, 47.6%) of providers had diagnosed at
least 1 patient with Lyme disease in the previous year, and 501
(33.2%) had diagnosed 1-5 patients with Lyme disease in the
previous year. Providers from states with a high incidence of
Lyme disease had diagnosed significantly more patients with
Lyme disease than providers from states with a low incidence
(2 vs 1 per 1000 patients; P <.001). Most providers (n = 932,
61.9%) had treated at least 1 patient for Lyme disease in the
previous year. Providers from states with a high incidence of
Lyme disease had treated significantly more patients for Lyme
disease than providers from states with a low incidence (3 vs 1
per 1000 patients; P < .001). Eight providers (0.5%) reported
treating >100 patients for Lyme disease in the previous year.

Based on regression analyses, providers who had diagnosed
or treated at least 1 patient for Lyme disease in the previous year
were more likely to see >100 patients per week (OR = 1.9; 95%
CI, 1.6-2.3) than providers who had not diagnosed or treated
patients for Lyme disease in the previous year. In addition, com-
pared with nurse practitioners, family/general practitioners (OR
=2.0; 95% CIL, 1.6-2.5) and internists (OR = 1.7; 95% CI, 1.3-
2.1) were more likely to diagnose or treat patients with Lyme
disease.
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Table 2. Proportion of correct and incorrect answers by health
care provider type in response to a survey question about
appropriate clinical scenarios to use Lyme disease testing, United
States, DocStyles survey, 2015°

No. of providers
who answered

Clinical scenario® survey question No. (%) P value®
Correct responses
Arthritic knee
Family/general practitioner 465 170 (36.6) .09
Internist 535 189 (35.3) .16
Pediatrician 250 105 (42.0) .0l
Nurse practitioner 251 76 (30.3) Reference
Total 1501 540 (36.0) —
New-onset atrioventricular block
Family/general practitioner 465 162 (34.8) <.001
Internist 535 275 (51.4) <.001
Pediatrician 250 101 (40.4) <.001
Nurse practitioner 251 55 (21.9) Reference
Total 1501 593 (39.5) —
Incorrect responses
Asymptomatic tick bite
Family/general practitioner 465 201 (43.2) .20
Internist 535 229 (42.8) .16
Pediatrician 250 60 (24.0) <.001
Nurse practitioner 251 121 (48.2) Reference
Total 1501 611 (40.7) —
Erythema migrans rash
Family/general practitioner 465 383 (82.4) Reference
Internist 535 410 (76.6) .03
Pediatrician 250 183 (73.2) .004
Nurse practitioner 251 196 (78.1) A7
Total 1501 1172 (78.1) —
Test of cure after Lyme disease treatment
Family/general practitioner 465 111 (23.9) 40
Internist 535 100 (18.7) .0l
Pediatrician 250 32(12.8) <.001
Nurse practitioner 251 67 (26.7) Reference
Total 1501 310 (20.7) —
None of these
Family/general practitioner 465 20 (4.3) .10
Internist 535 36 (6.4) Reference
Pediatrician 250 15 (6.0) .70
Nurse practitioner 251 7 (2.8) .02
Total 1501 78 (5.2) —

*The survey question is as follows: “You are seeing a patient who lives in Minnesota. In which
of the following situations would Lyme disease testing be clinically useful? (Select all that apply:
arthritic knee, tick bite—asymptomatic, erythema migrans rash, new-onset atrioventricular
block, test of cure after Lyme disease treatment, none of these).” Multiple answers were
allowed. As such, totals may exceed 100%. Data source: Porter Novelli Public Services.?!

The Pearson y* test was used to compare answers among provider types. P < .05 was
considered significant.

Lyme Disease Testing Scenario

Five hundred forty (36.0%) providers correctly selected
Lyme disease testing as clinically useful in a hypothetical
scenario of a patient from Minnesota with an arthritic knee,
and 593 (39.5%) providers correctly selected Lyme disease

testing in the case of a patient with new-onset atrioventricu-
lar block (Table 2). Providers who correctly selected to test
for Lyme disease in both scenarios were more likely to be
from states with a high incidence of Lyme disease (OR = 1.6;
95% CI, 1.3-2.1) than from states with a low incidence and
were more likely to identify as family/general practitioners
(OR =2.1; 95% CI, 1.3-3.1), internists (OR = 2.6; 95% CI,
1.7-3.9), or pediatricians (OR = 2.6; 95% CI, 1.7-4.1) than
nurse practitioners.

More than 40% of family/general practitioners, internists,
and nurse practitioners incorrectly selected Lyme disease
testing as clinically useful for a case of a patient with asymp-
tomatic tick bite; pediatricians were the least likely of all
providers to answer this question incorrectly (24.0%)
(Table 2) and were nearly twice as likely as family/general
practitioners (OR = 2.4, 95% CI, 1.7-3.4), internists (OR =
2.4; 95% CI, 1.7-3.3), and nurse practitioners (OR = 2.9;
95% CI, 2.0-4.3) to answer correctly.

Most providers (n = 1172, 78.1%) incorrectly selected
Lyme disease testing as clinically useful for a case of a
patient with erythema migrans rash (range, 73.2%-82.4%)
(Table 2). An average of 20% of providers would incorrectly
order Lyme disease testing for a test of cure after Lyme dis-
ease treatment (range, 12.8%-26.7%). Pediatricians had
more than twice the odds of correctly answering this ques-
tion than family/general practitioners (OR = 2.1; 95% CI,
1.4-3.2) and nurse practitioners (OR =2.5; 95% CI, 1.6-4.0).
Providers who answered correctly about the test of cure were
also more likely than providers who answered incorrectly to
reside in a state with a high incidence of Lyme disease (OR
=1.4;95%CI, 1.1-1.9).

Tick-Bite Prevention

Tick-bite prevention counseling was routinely offered to
patients by most providers (n = 1050, 69.7%) (Table 3). The
most commonly recommended prevention method was to
wear repellent (57.5%), with family/general practitioners
being the most likely (62.0%) and internists being the least
likely (51.8%) to recommend wearing repellent (P = .001).
Daily tick checks were recommended by 771 (51.2%) pro-
viders and were most frequently recommended by pediatri-
cians (55.6%) and least frequently recommended by
internists (43.0%) (P = .001). The recommendation to
shower soon after coming indoors was relatively low across
all provider types, ranging from 25.2% to 32.0% (mean,
30.0%).

Tick-bite prevention methods overall were recommended
more often by providers from states with a high incidence of
Lyme disease than by providers from states with a low inci-
dence of Lyme disease (OR = 2.6; 95% CI, 2.0-3.4), except
for showering soon after coming indoors, which was not sig-
nificantly different between high- and low-incidence states
(31.8% vs 29.0%; P = .30). In addition, providers who
offered recommendations were more likely than providers
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Table 3. Proportion of health care providers who gave selected tick-bite prevention recommendations to patients, by provider type,

United States, DocStyles survey, 2013*

Tick-bite prevention recommendations routinely

No. of providers who

No. (%) who provided

discussed with patients® answered survey question recommendation P value®
Wear repellent
Family/general practitioner 566 351 (62.0) .001
Internist 440 228 (51.8) Reference
Pediatrician 250 149 (59.6) .048
Nurse practitioner 250 138 (55.2) .39
Total 1506 866 (57.5) —
Check for ticks daily
Family/general practitioner 566 308 (54.4) <.001
Internist 440 189 (43.0) Reference
Pediatrician 250 139 (55.6) .001
Nurse practitioner 250 135 (54.0) .0l
Total 1506 771 (51.2) —
Shower soon after coming indoors
Family/general practitioner 566 181 (32.0) .05
Internist 440 127 (28.9) .30
Pediatrician 250 63 (25.2) Reference
Nurse practitioner 250 80 (32.0) .09
Total 1506 451 (30.0) —
Other actions not listed on survey
Family/general practitioner 566 77 (13.6) .06
Internist 440 43 (9.8) Reference
Pediatrician 250 27 (10.8) .67
Nurse practitioner 250 40 (16.0) .02
Total 1506 187 (12.4) —
Does not routinely discuss prevention of tick bites
Family/general practitioner 566 154 (27.2) .0l
Internist 440 154 (35.0) Reference
Pediatrician 250 72 (28.8) .10
Nurse practitioner 250 76 (30.4) 22
Total 1506 456 (30.3) —

*The survey question is as follows: “What steps do you routinely recommend to patients to prevent tick bites? (Select all that apply: | do not routinely
discuss this, wear repellent, shower soon after coming indoors, check for ticks daily, | recommend other actions not listed here).” Multiple answers were

allowed. As such, percentages may total to more than 100%. Data source: Porter Novelli Public Services.

19

®The Pearson y? test was used to compare answers among provider types. P < .05 was considered significant.

who did not routinely discuss tick-bite prevention recom-
mendations to have been in practice for >10 years (OR = 1.4;
95% CI, 1.1-1.8) and see >100 patients per week (OR = 1.5;
95% CI, 1.2-1.9).

Discussion

Most providers saw patients for tick bites in states with a high
incidence of Lyme disease and states with a low incidence and
by all provider types. However, self-reported frequency of Lyme
disease diagnosis, treatment, and tick-bite prevention counseling
varied. Providers from high-incidence states were more likely

than providers from low-incidence states to see patients for tick
bites, diagnose Lyme disease, and treat Lyme disease. Generally,
more patients were treated for Lyme disease than were diag-
nosed with Lyme disease, likely because of the differences
between these clinical terms. Providers may interpret “treat” in
various ways, such as how many patients came into the office for
Lyme disease, how many patients were billed for Lyme disease,
or how many patients brought up concerns about Lyme disease.
The term “treat” may also include patients who did not have a
confirmed diagnosis. The interpretation of “diagnosis,” con-
versely, is likely limited to a single encounter through laboratory
testing or clinical judgment.
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Results from the 2015 scenario question about the patient
from Minnesota highlight important concerns about appropriate
use of serologic testing for Lyme disease. Few providers cor-
rectly chose testing as clinically useful in the case of a patient
with an arthritic knee or with new-onset atrioventricular block.
Because Minnesota has a high incidence of Lyme disease, clini-
cal suspicion of Lyme disease would be appropriate in both sce-
narios and should be considered. Because these manifestations
of Lyme disease occur in disseminated disease, serologic testing
would have high sensitivity and specificity and would be clini-
cally indicated."

Conversely, hypothetical use of Lyme disease testing when
not clinically indicated was also apparent. Approximately 40%
of providers selected testing as clinically useful in the case of a
patient with an asymptomatic tick bite. This result echoes find-
ings of a 2012 DocStyles question that asked about clinical prac-
tices in the case of a teenaged patient with an attached, partially
engorged tick. In that survey, nearly 20% of providers indicated
that they would order a test for Lyme disease.” Findings from
the 2015 survey results were nearly double this earlier finding
and may demonstrate an upward trend of unnecessary Lyme dis-
case testing for asymptomatic tick bites. Inappropriate Lyme dis-
ease testing can create a substantial economic burden and
undesired consequences for patient care.”* False-positive results
can lead to an incorrect diagnosis of Lyme disease, inappropriate
or harmful treatments, and a delay or omission of the correct
diagnosis and appropriate treatment.

Similarly, 78% of providers incorrectly indicated Lyme dis-
ease testing to be clinically useful for patients with erythema
migrans rash. Our findings are similar to results from a 2009
DocStyles question, which described an “otherwise healthy
patient who presents with a large, circular, ‘bull’s-eye’ rash
around a site where he had removed an engorged tick seven days
earlier,” when approximately 75% of respondents answered that
they would order a blood test for Lyme disease.> Motivations
for testing in this scenario can include difficulty in rash identifi-
cation or desire for diagnostic confirmation.*’

In July 2019, the US Food and Drug Administration cleared
several Lyme disease serologic assays that use an enzyme
immunoassay as the second test in a 2-step testing algorithm as
an alternative to the traditional Western blot for laboratory diag-
nosis of Lyme disease.”® Compared with the traditional algo-
rithm, the modified testing algorithm is more sensitive for
detection of an immune response in early disease, while avoid-
ing some of the drawbacks of the Western blot (eg, subjective
interpretation of results). With time, newer Lyme disease testing
algorithms may improve and simplify appropriate use and inter-
pretation of Lyme disease testing by providers.”’

Encouragingly, most providers reported routinely recom-
mending steps to patients to prevent tick bites, with 50% of pro-
viders routinely recommending 2 or more steps. Although
almost 60% of providers reported recommending repellent to
prevent tick bites, self-reported repellent use among the public is
low.?**" Further investigation into various perceived barriers to
wearing repellent could provide insight into the outward

disagreement between provider recommendations and patient
behaviors. This apparent discrepancy could also be the result of
reporting bias, which may overestimate the true frequency of
tick-bite prevention recommendations by providers. The recom-
mendation to shower soon after coming indoors, although
shown to be effective for reducing the risk of Lyme disease,’’
was relatively underused as a prevention option, even in states
with a high incidence of Lyme disease. The recommendation to
shower soon after spending time outdoors in tick habitat could
be encouraged as a method that could be easily adapted into
daily patient behaviors and may appeal to those who are not
inclined to use repellent.

Limitations

This analysis had several potential limitations. First, ques-
tions might have been interpreted differently by providers
than intended. For the scenario question, the “arthritic knee”
was assumed to be understood as new onset but could have
been interpreted as longstanding by respondents. “Testing”
for Lyme disease could also have been interpreted as a diag-
nostic modality other than serology. These potential discrep-
ancies might have contributed to misclassification of
respondents as having answered correctly or incorrectly.
Second, we were not able to determine the clinical scenarios
for which respondents would recommend Lyme disease test-
ing if they selected “none of these” for their response,
restricting our ability to evaluate responder knowledge.
Third, classification of providers being from a state with
either low or high incidence of Lyme disease does not
acknowledge the nuance of the importance of states with
emerging Lyme disease, where incidence is increasing and
where local transmission is possible, or states where other
tick species or incidence of other tick-borne diseases is com-
mon. Patients may also have reported previous travel to
states with a high incidence of Lyme disease, which was not
measured. Lastly, as in most self-reported surveys, selection
and response bias might have limited the representativeness
of these results.

Conclusions

Efforts to promote education among providers on tick-bite
prevention and appropriate Lyme disease management are
warranted given our survey results. The importance of tick-
bite prevention should be emphasized, particularly because
of the confusion about tick bite and Lyme disease clinical
management and testing. Clinician education on these topics
should be promoted through medical school curricula, public
health agency communications, and health profession societ-
ies to improve patient care.
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