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Abstract

Background: Colorado tick fever (CTF) is an underreported tick-borne viral disease occurring in
the western United States. CTF illness includes fever, headache, and severe myalgia lasting for
weeks. Wyoming has one of the highest CTF incidence rates with approximately 30% of infected
persons reporting tick exposure in a Wyoming National Park or Forest before symptom onset. We
assessed CTF virus infections among humans and Dermacentor andersoni ticks in Grand Teton
National Park (GRTE) and Bridger-Teton National Forest (BTNF).

Methods: In June of 2010, 526 eligible employees were approached to participate in a baseline
and 3-month follow-up serosurvey and risk behavior survey. Seropositivity was defined as
antibody titers against CTF virus = 10, as measured by the plaque reduction neutralization test.
Ticks were collected at 27 sites within GRTE/BTNF and tested by RT-PCR for the CTF virus.

Results: A total of 126 (24%) employees participated in the baseline and follow-up study visits.
Three (2%) employees were seropositive for CTF virus infection at baseline. During the study, 47
(37%) participants found unattached ticks on themselves, and 12 (10%) found attached ticks;
however, no participants seroconverted against CTF virus. Walking through sagebrush (o = 0.04)
and spending time at = 7000 feet elevation (p < 0.01) were significantly associated with tick
exposure. Ninety-nine percent (174/176) of ticks were D. andersoni, and all were found at = 7000
feet elevation in sagebrush areas; 37 (21%) ticks tested positive for CTF virus and were found at
10 (38%) of 26 sites sampled.

Conclusions: Although no GRTE or BTNF employees were infected with CTF virus during the
study period, high rates of infected ticks were identified in areas with sagebrush at = 7000 feet.
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CTF education and personal protection measures against tick exposure should be targeted to
visitors and employees traveling to the high-risk environs identified in this study.
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Introduction

Colorado tick fever (CTF) is caused by the CTF virus, a RNA virus that is transmitted by
Dermacentor andersoni (Florio et al. 1946, Florio et al. 1950, Marfin and Campbell 2005).
CTF virus distribution mirrors that of its tick vector, which is endemic in mountainous
regions of the western United States and southwestern Canada at elevations of 4000-10,000
feet above sea level (Emmons 1988, Romero and Simonsen 2008). After the bite of an
infected tick, the incubation period for clinical illness is typically 2-3 days (Goodpasture et
al. 1978). The majority of symptomatic patients have a nonspecific illness with a fever that
is often biphasic, headache, chills, and myalgia (Spruance and Bailey 1973, Goodpasture et
al. 1978). Approximately 20% of patients are hospitalized (Goodpasture et al. 1978,
Brackney et al. 2010). Symptoms can last for weeks, with fatigue and weakness often
persisting for months following acute disease (Earnest et al. 1971, Goodpasture et al. 1978).
No specific treatment for the disease exists, and clinical management is primarily supportive.
Because of its nonspecific symptoms, CTF is believed to be frequently misdiagnosed and
under-diagnosed (Brackney et al. 2010).

Reported cases of CTF have declined dramatically since the 1980s. During 1988-1998, a
median of 65 cases/year were reported to the Centers for Disease Control and Prevention
(CDC), whereas during 1999-2007, a median of 14 CTF cases/year were reported (range, 2—
88/year) (Brackney et al. 2010, CDC unpublished data 2010). Although some of the
decrease might be the result of changing ecology and human risk behaviors, some is likely
caused by changes in reporting practices (e.g., Colorado removing CTF from its reportable
disease list in 1997).

CTF is a reportable disease in Wyoming within 24 h of diagnosis. During 1990-2008, a
median of three cases of CTF (range, 0-7) were reported annually to the Wyoming
Department of Health (WDH). Of these cases, 69% had disease onset in June or July, and
30% reported a tick exposure in one of Wyoming’s national parks or forests before disease
onset. During 2009, Wyoming reported nine cases of CTF, the highest number of cases
reported to CDC by a state since 1998 (Marfin and Campbell 2005, CDC unpublished data
2010). All cases were in Sublette County for a county incidence of 88 cases/100,000 persons
(WDH unpublished data 2011).

Bridger-Teton National Forest (BTNF) and Grand Teton National Park (GRTE) are
contained within and around Sublette County. Given their location in a region with high CTF
incidence, the numerous employees and visitors who spend time outdoors in these areas are
likely at increased risk for CTF virus infection. However, no studies have been conducted in
these areas regarding tick distribution and CTF viral burden or virus transmission risk,
particularly among park and forest employees. This study aimed to estimate CTF viral
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burden among collected D. andersoniticks in areas frequented by visitors and employees,
assess tick exposures and prevention practices among employees, and estimate the
prevalence of CTF virus exposure among GRTE and BTNF employees.

Materials and Methods

Study sites

BTNF abuts GRTE and serves as a gateway for GRTE visitors. BTNF employs > 100 full-
time and seasonal staff and has > 2 million visitors annually (BTNF unpublished data 2010).
It covers 485 square miles with an elevation range of 6350-13,770 feet (US Department of
Agriculture, undated); however, the majority of trails and areas frequented by visitors are
located at = 7000 feet. GRTE is one of the most visited US National Parks (> 4 million
visitors/year). The park employed 426 persons during 2009 (GRTE unpublished data 2010).
It covers 5353 square miles with an elevation range of 5629-13,804 feet (Uhler 1995-2007).
In contrast with BTNF, the majority of commonly visited areas and trails in GRTE are
located below 7000 feet.

Study population

Eligible study participants included all full-time employees of GRTE (7= 426) and BTNF (n
= 100) aged = 18 years who were expecting to remain at their current employment location
for a minimum of 3 months (June—August 2010). Employees were recruited to participate in
the study through informational flyers posted throughout the park and distributed through
employee e-mails. This study was conducted with approval from and in compliance with the
standards of WDH’s and CDC’s institutional review committees, and written consent was
obtained from all participants.

Tick exposure survey and blood collection

At the baseline visit conducted during the first week of June, 2010, we collected
demographic and occupational data and collected a serum sample. At the 3-month follow-up
visit conducted in August, we administered a paper-based survey to assess knowledge,
attitudes, and practices regarding tick-borne disease, and collected exposure data on ticks
and tick habitat. We obtained data on both the number of ticks found unattached on the skin
or clothes and ticks found attached on the skin. For the purpose of this study, tick exposure
was defined as one or more attached or unattached tick(s) found on a participant during the
study period. Finally, a serum sample was also collected during the follow-up visit in
August, 2010.

Tick collections

Collection sites were selected throughout GRTE and BTNF and mapped with a global
positioning system. Site selection was based on trails and campsites that are heavily used
and, when possible and accessible, to areas containing previously described tick habitat,
particularly those at = 7000 feet (US Armed Forces Pest Management Board 1998, Eisen et
al. 2008). Ticks were collected on three occasions from late May to early August by using
methods previously described (Eisen 2007). To estimate tick density, tick drags consisting of
a 1 x 1.25-meter flannel cloth were examined for ticks every 15 sec, 120 times/site, yielding
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a total of 90 sampling min/tick-sampling site. Ticks were collected from the drags and staff’s
clothing, transferred to vials, flash frozen on dry ice, and transported to the Arboviral
Diagnostic Laboratory at the CDC in Fort Collins, CO.

CTF virus testing and interpretation

At each study visit, blood was collected from participants and shipped by overnight courier
to the Wyoming Public Health Laboratory. Samples were spun down to obtain sera, labeled
with unique study identification numbers, and stored at — 70°C before being shipped to the
CDC on dry ice. At the CDC, human sera samples were tested for CTF virus—specific
neutralizing antibodies by 90% plaque reduction neutralization test (PRNT), as previously
described (Calisher et al. 1985). Seropositivity was defined as serum antibody titers > 10.
Collected ticks were thawed and sorted by species and sex, enumerated, and tested for CTF
virus presence by RT-PCR by using standardized methods previously described (Lambert et
al. 2007, Brown et al. 2011).

Data analysis

Results

Data were entered into an Epi Info™ (CDC, Atlanta, GA) database. We defined a previous
CTF virus infection as a seropositive result at baseline and less than four-fold change in
neutralizing antibody titer between baseline and follow-up serum samples. We defined an
acute CTF virus infection as either seroconversion between negative and positive
neutralizing titers or a four-fold or greater change in neutralizing antibody titer between
baseline and follow-up serum samples.

An entomologic risk index (ERI), a measure of the average number of infected ticks to
which a person might be exposed in tick habitat, was calculated using methods similar to
those previously described (Mather et al. 1996). More specifically, we calculated the ERI as
the product of D. andersonitick density (average number of ticks collected per minute) and
the proportion of CTF virus—infected D. andersoniticks. We took a conservative approach
by calculating the ERI for D. andersoni females only, as female ticks are more likely to feed
repeatedly and thus are more likely to transmit CTF virus to humans (Klompen et al. 1996).

Demographic and behavioral characteristics of participants were compared by using the
Fisher exact or Pearson chi-squared test; pvalues < 0.05 were considered statistically
significant. All reported p values are two-sided. Statistical analysis of data was conducted by
using StatXact® (Cytel, Inc., Cambridge, MA), and SAS® v.9.1 (SAS Institute Inc., Cary,
NC).

Serosurvey enrollment, and participant demographic characteristics

Of the 526 eligible GRTE/BTNF employees, 158 (30%) enrolled in the study, and 126
(24%) returned for the required 3-month follow-up assessment (Fig. 1). Of the 126 total
employees completing both study visits, 106 were from GRTE and 20 were from BTNF. The
median age of study participants was 35 years (range, 19-76 years); 77 (61%) were male
and 121 (96%) were white. The distribution of age, sex, and race did not differ significantly
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between eligible and enrolled employees. The median number of years study participants
had worked at GRTE/BTNF was 1.1 (range, 0.3-27 years); 89% of participants began
working on or before May 1, 2010 (Table 1).

Tick exposure risks and tick prevention measures

The majority of employees (59%) reported working outdoors > 20 hours/week (Table 1).
The vast majority (85%) of employees had weekly exposures to sagebrush and spent time at
elevations > 7,000 feet; smaller proportions reported walking off-trail, handling brush,
sitting on or leaning against logs and trees, performing fence repair, or spending time in
picnic areas and campgrounds. Approximately 50% of employees reported having
experienced five or more of these exposures per week (Table 2).

In total, 47/126 (37%) participants reported a tick exposure during the 3-month study. All 47
reported finding one or more unattached ticks on themselves during the study period, and 12
(26%) also had one or more attached ticks during the study period (Table 1). Walking off-
trail was identified as a risk factor for tick exposure, with 40% of those reporting walking
off-trail having tick exposure, compared with only 8% of participants who did not walk off-
trail (relative risk [RR], 5.2; 95% confidence interval [CI] 1.2-80.5; p= 0.02). Handling
leaves, brush, or wood and sitting on logs or leaning against trees were significantly
associated with tick exposure (RR =3.1; 95% Cl 1.4-6.6; p< 0.01; and RR = 7.9; 95% CI
1.2-53.5; p< 0.01, respectively). Walking in sagebrush (o = 0.04) and travelling at
elevations = 7000 feet (p < 0.01) also were significantly associated with tick exposure.
Performing fence repair and walking in picnic areas and campgrounds where visitors
frequented were not associated with tick exposure (Table 2).

Of the 126 participants, 121 (96%) responded to questions regarding everyday use of
personal protective measures. The majority of respondents (71%) reported wearing long
pants, whereas long sleeves were worn by only 33% (7 = 40) of employees, and only 3%
(four) reported tucking their pants into socks or boots. Fifty-four (45%) of 121 employees
reported conducting tick checks of skin and clothing > 50% of the time after working
outdoors; 27 (22%) reported never conducting tick checks. All 126 participants responded to
questions regarding repellent use; 87 (69%) reported having used insect repellant at least
once since entry into the study. However, only 66 (52%) used repellant at work and even
fewer, 20 (16%), reported using repellant > 50% of the time. We determined no statistical
difference in tick exposure between those who reported having used insect repellent during
the work week and those who did not.

Serologic testing results

Of the 126 study participants providing baseline and follow-up serum samples, three (2%)
tested seropositive at baseline and did not have a four-fold or greater change in their titers
between their samples, indicating a previous exposure to CTF virus. None of the study
participants seroconverted against CTF virus during the 3-month study period; therefore, no
participants were classified as having recent CTF infection. All of the 32 study participants
who were lost to follow-up had tested negative for CTF virus antibodies at baseline.
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Of the three persons with previous CTF virus exposure, two were employees at GRTE, and
one at BTNF. All participants with previous exposure to CTF virus were white men, with an
age range of 20-50 years. Furthermore, all were residents of a state where CTF is endemic.
They had all worked at GRTE/BTNF for > 2 years, and two of three worked outdoors for >
20 h/week. None had previously received a CTF diagnosis.

Tick surveys were conducted at 12 sites in BTNF and 14 in GRTE. All (12/12) of the sites in
BTNF were = 7000 feet elevation, but only 14% (2/14) of drag sites in GRTE were at = 7000
feet. In BTNF, 174 adult ticks were found at 9 (75%) of the sites sampled. All ticks were D.
andersoni and found at elevations = 7000 feet. Of the 174 ticks, 37 (21%) tested positive for
CTF virus. In GRTE, two adult Dermacentor albopictus, a tick that can carry CTF virus but
rarely bites humans, were found at one of 14 sites. Both of these ticks were found at 6800
feet elevation and were negative for CTF virus by RT-PCR.

We sampled 12 BTNF sites for 0.32 sample hours each during three visits, totaling 11.6
sample hours. Of the 174 D. andersoniticks we collected, 102 were female, giving a female
tick encounter rate of 8.8 females/hour. The infection rate for females was 23% (23/102),
resulting in an ERI of 2.0 infected female ticks/hour for BTNF. An ERI was not calculated
for GRTE because only two D. albopictus ticks were collected and both were negative for
CTF virus.

Discussion

This is one of the first studies to document the potential risk and burden of CTF virus in
Wyoming’s national parks and forests. BTNF and GRTE employ a considerable number of
employees and are visited by millions of people each year, all of whom potentially are
exposed to tick-borne diseases. Approximately one-third of participating park employees
found a tick on themselves during the 3-month study duration. Risk factors for tick exposure
in our study included walking through sagebrush, spending time at elevations = 7000 feet,
handling leaves and brush, and walking off-trail. At least two of these risk factors, sagebrush
presence and elevations of = 6890 feet, also had been identified in a previous study to be
indicators of elevated risk for tick exposures (Eisen et al. 2007, 2008).

CTF virus-infected D. andersoniwere found in BTNF at elevations = 7000 feet, with
approximately two infected ticks encountered/hour and 200 CTF virus—infected ticks/1000
ticks collected. Our number of infected ticks per collection is roughly twice the rates
reported previously in studies conducted in Colorado, including studies conducted in Rocky
Mountain National Park (McLean et al. 1981, Eads and Smith 1983, Brown et al. 1989). The
higher rates in our study might be attributed to use of a more sensitive RT-PCR, compared
with previous studies that used Vero cell culture plaque assays and mouse infection studies
to identify virus presence.

Despite the relatively high prevalence of infected ticks in our study and more than one-third
of employees reporting exposures to ticks, none of the surveyed employees demonstrated
signs of seroconverting against the virus during the study period. However, 2% of
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participants were seropositive for CTF virus at baseline, indicating prior infection. This
finding is consistent with a recent study that identified 8% (5/60) of employees at Rocky
Mountain National Park in Colorado with preexisting CTF virus antibodies, but also found
none of the employees experienced incident CTF virus infection, despite one-third reporting
tick exposure during the authors’ 1-year study period (Adjemian et al. 2012). Although
studies have confirmed that tick infection rates are correlated with incidence of tick-borne
diseases, they also found that this must be paired with human behavior measures to be useful
in predicting risk for tick-borne disease (Connally et al. 2006).

Tick prevention measures are well-established; however, of the tick prevention measures
assessed in our study, only wearing long pants, a standard uniform component, was practiced
> 50% of the time by employees. Although roughly half of participants in our study reported
using repellants at least once during a work week, only 16% reported using it > 50% of the
time. This is consistent with the findings reported by Adjemian et al., where 44% of
employees reported using repellent at work. Interestingly, we determined that the majority of
employees conduct tick checks after spending time outdoors. These results, combined with
our finding that 75% of employees reporting a tick exposure had unattached ticks on them,
indicate that employees might be removing the ticks before CTF virus transmission can
occur. Therefore, emphasizing to both employees and visitors the importance of checking
for ticks to prevent tick attachment and disease transmission might be a useful prevention
message for decreasing the risk for CTF virus infection.

One limitation of our study is that GRTE vector surveillance was restricted by site selection
because we selected sites most visited by GRTE visitors and employees to obtain an
estimate of tick exposure for the majority of visitors rather than sites that were > 7000 feet
and difficult to access. This likely resulted in an underestimate of D. andersoni prevalence
and potential CTF virus infection rate and of the risk to persons hiking or working at higher
elevation and in areas that are more ideal tick habitats. Additional tick sampling is needed at
GRTE locations = 7000 feet where employees reported tick exposure to better estimate the
entomologic risk in these areas. The ERI calculated for BTNF is conservative and does not
take into account potential bites from male ticks, which if included would increase the
encounter rate to 15 ticks encountered/hour and the ERI to 3.0 CTF virus-infected ticks/
hour. In addition, the ERI only estimates the number of ticks encountered, not the number of
ticks that might attach, and only applies to the sites sampled in this study. Our 30%
participation rate of park and forest employees makes generalization of our findings to the
entire cohort difficult. Our limited sample size and high prevalence of tick habitat exposures
precluded a multivariable analysis of risk for tick exposures. If an employee acquired an
early-season (April-May) CTF infection prior to our June baseline visit, they would have
been misclassified as having a past infection in our study. Finally, we were unable to analyze
risk factors for CTF virus infection because of a lack of new CTF cases in our study.

The national parks and forests provide a unique environment where persons are recreating in
tick-endemic areas and thus are at risk for multiple tick-borne diseases (Adjemian et al.
2012). In addition to CTF virus, D. andersoni is a vector for two additional known pathogens
that cause Rocky Mountain spotted fever and tularemia (McLean et al. 1993, Treadwell et al.
2000, Hayes 2005). Given this, physicians should consider tick-borne diseases among
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employees or travelers who become ill while or after being in Wyoming’s national parks or
forests. In addition, employees should be provided information and guidance regarding tick-
borne diseases endemic to the park and forest, areas likely to harbor ticks, personal
protection measures against tick exposure (www.cdc.gov/ticks/avoid), and importance of
prompt and proper removal of ticks. Our findings can be used to inform public health
interventions for park and forest visitors, but further studies are needed to assess visitor risk
for tick-borne diseases.
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426 GRTE employees

100 BTNF employees

!

135 (32%) enrolled in
study

...........................

P29 (21%)
i dropped out :

...........................

I

23 (23%) enrolled in
study

3(13%)
: dropped out :

---------------------------

106 (79%) returned
for 3-month follow-up

20 (87%) returned
for 3-month follow-up

.

+

126 (24%) total study participants completed the study

I

3 (2%) CTF virus seropositive

FIG. L.

Enrollment and serologic results for Colorado tick fever (CTF) study, Grand Teton National
Park (GRTE) and Bridger-Teton National Forest (BTNF), June—August, 2010.
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Demographic Characteristics of Serosurvey Participants, Grand Teton National Park (GRTE) and Bridger-
Teton National Forest (BTNF), June—August, 20107

GRTE BTNF Total
n =106 n=20 n=126

Characteristic No. (%) No. (%) No. (%)
Sex

Male 64 (60) 13 (65) 77 (61)
Race

White 100 (94) 19 (95) 119 (94)

Asian 1 Q) 1 (5 2 (2

Black 1 (1) 0 (0 1 (1)

Other/Unknown 4 4 0 (0) 4 (3)
Age (years)

Median (range) 35 (21-76) 41 (19-62) 35 (19-76)
Employed at site (years)

Median (range) 1 (0.3-26) 2 (0.3-27) 1 (0.3-27)
Worked outdoors

> 20 hiweek 60 (57) 14 (70 74 (59)
Tick historyb

None 67 (63) 12 (60) 79  (63)

> 1 unattached 39 (37) 8 (40) 47  (37)

21 attached 11 (10) 1 (5 12 (10)

aOnIy those who attended both study visits and completed the risk factor survey are included (7= 126).

bTick exposure was defined as one or more ticks found on a person during June—August, 2010.

GRTE, Grand Teton National Park; BTNF, Bridger-Teton National Forest.
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