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Abstract

Tick-borne diseases cause substantial morbidity throughout the United States, and North Carolina has a high
incidence of spotted fever rickettsioses and ehrlichiosis, with sporadic cases of Lyme disease. The occupational risk
of tick-borne infections among outdoor workers is high, particularly those working on publicly managed lands. This
study identified incident tick-borne infections and examined seroconversion risk factors among a cohort of North
Carolina outdoor workers. Workers from the North Carolina State Divisions of Forestry, Parks and Recreation, and
Wildlife (n=159) were followed for 2 years in a randomized controlled trial evaluating the effectiveness of long-
lasting permethrin-impregnated clothing. Antibody titers against Rickettsia parkeri, Rickettsia rickettsii, ‘“‘Rick-
ettsia amblyommii,” and Ehrlichia chaffeensis were measured at baseline (n=130), after 1 year (n=282), and after
2 years (n="73). Titers against Borrelia burgdorferi were measured at baseline and after 2 years (n=90). Baseline
seroprevalence, defined as indirect immunofluorescence antibody titers of 1/128 or greater, was R. parkeri (24%),
R. rickettsii (19%), ““‘R. amblyommii’’ (12%), and E. chaffeensis (4%). Incident infection was defined as a fourfold
increase in titer over a 1-year period. There were 40 total seroconversions to at least one pathogen, including
R. parkeri (n=19), “‘R. amblyommii”’ (n=14), R. rickettsii (n=9), and E. chaffeensis (n=38). There were no subjects
whose sera were reactive to B. burgdorferi C6 antigen. Thirty-eight of the 40 incident infections were subclinical.
The overall risk of infection by any pathogen during the study period was 0.26, and the risk among the NC Division
of Forest Resources workers was 1.73 times that of workers in other divisions (95% confidence interval [CI]: 1.02,
2.92). The risk of infection was lower in subjects wearing permethrin-impregnated clothing, but not significantly
(risk ratio=0.81; 95% CI: 0.47, 1.39). In summary, outdoor workers in North Carolina are at high risk of incident
tick-borne infections, most of which appear to be asymptomatic.
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Introduction

T ICK-BORNE DISEASES are a cause of substantial morbidity
throughout the United States and have increased over the
past two decades (Bacon et al. 2008, Openshaw et al. 2010,
Dahlgren et al. 2011). In 2012, there were more than 38,000
reported cases of Lyme disease, spotted fever rickettsioses
(SFR), anaplasmosis, and ehrlichiosis (CDC 2014). Tick-
borne infections are a risk for individuals spending prolonged
periods of time outdoors in endemic areas. Outdoor workers
in endemic areas are at particularly high risk of tick exposure

and tick-borne infections, where exposure to tick habitat is
often unavoidable. Publicly managed lands such as national,
state, or local parks and military installations in endemic
areas pose a risk to both visitors and employees (Covert and
Langley 2002, Eisen et al. 2013).

While a significant body of literature exists defining the
occupational risk of Lyme disease, fewer studies have exam-
ined SFR and ehrlichiosis in outdoor workers (Smith et al.
1988, Goldstein et al. 1990, Schwartz and Goldstein 1990,
Schwartz et al. 1994, Zhioua et al. 1998, Werner et al. 2001). A
study of national park workers in the Great Smoky Mountains
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National Park (North Carolina, Tennessee) and in the Rocky
Mountain National Park (Colorado) found that 22% of park
workers were seropositive for SFR pathogens and identified
incident infection with pathogens of SFR in 5% of park
workers (Adjemian et al. 2012). Multiple serosurveys have
detected incident infections of SFR and ehrlichiosis pathogens
among soldiers at military installations in North Carolina,
Arkansas, and Missouri. One commonality among these
studies was that not all infections were clinically apparent—
subclinical infections accounted for more than 70% of all
identified infections (Yevich et al. 1995, McCall et al. 2001).

Large-scale studies of occupational tick-borne disease risk
have measured seroprevalence, not incidence, based on a
single elevated titer (Goldstein et al. 1990, Graf et al. 2008).
Interpretation of single titers is problematic in confirming
temporal exposure to tick-borne pathogens—cutoffs vary be-
tween studies, assays utilize different immunoglobulin classes,
and both IgG and IgM titers may stay elevated for extended
periods of time (Openshaw et al. 2010). Paired samples, typ-
ically taken 2—4 weeks apart, are necessary to show incident
infections but are logistically challenging in large-scale stud-
ies. There is a need for smaller prospective studies that include
sufficient follow-up to measure incident infections and better
characterize exposures to tick-borne pathogens.

The purpose of our study was to identify incident tick-
borne infections and investigate risk factors within an exist-
ing cohort of high-risk outdoor workers in North Carolina
employed by state and county agencies working primarily on
publicly managed lands. The results of this study quantify the
risk of clinical and subclinical infections caused by various
tick-borne pathogens and increase awareness of the occupa-
tional risk of tick-borne infection among outdoor workers.

Materials and Methods

A cohort of 159 outdoor workers from the North Carolina
Divisions of Forestry, Parks and Recreation, and Wildlife
were followed from March 2011 to September 2012 as part of
a randomized control trial (RCT) to evaluate the effective-
ness of long-lasting permethrin-impregnated (LLPI) cloth-
ing. The study design and eligibility criteria are described in
detail in Vaughn et al. (2014b). Briefly, eligible workers were
employed in eastern or central NC, worked at least 10h per
week outdoors from March to September, were required to
wear a uniform during work, and were at least 18 years of age.
Serum specimens were collected from workers enrolled in the
trial at baseline (Ty; n=130), at the end of study year 1 (T;
n=97), and the end of study year 2 (T,; n=284). Additional
tests ordered by clinicians (n=5) were included as available.

All serum samples were tested by indirect immunofluo-
rescence antibody assays for IgG (gamma-specific) antibody
titers against Rickettsia parkeri, Rickettsia rickettsii, ‘‘Rick-
ettsia amblyommii,” and Ehrlichia chaffeensis using meth-
ods described by Dumler (2004) and by Vaughn et al. (2014a)
with antigens and positive and negative controls provided by
the Rickettsial Zoonoses Branch of CDC (Atlanta, GA). Pa-
tient samples were screened at serial twofold dilutions from
1/32 to 1/2048, while positive controls were screened from
1/32 to 1/16,384. Samples were tested in batches at Ty, T,
and T, given the prospective nature of the study, with positive
and negative control samples included in each run. Baseline
seropositivity was defined as an IgG antibody titer >1/128 at
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To, a conservative decision made by study investigators to
capture stronger antibody responses than the typical >1/64
titer. All Ty and T, pairs (n=90) were tested in tandem for
antibodies to Borrelia burgdorferi by C6 ELISA (Im-
munetics, Boston, MA), according to the manufacturer’s in-
structions, with positive and negative controls provided by
the Diagnostic Reference Laboratory of the CDC Bacterial
Diseases Branch (Fort Collins, CO).

Seroconversions among a subcohort of the outdoor work-
ers were assessed for any worker with paired sera available
(n=90), either from T and T, (T ;; n=82) or from T} and T,
(T, 2; n="T4). Seroconversion was defined as a fourfold rise in
antibody IgG titer in the paired sera and was assessed for each
pathogen and overall seroconversion to any pathogen.
Workers with both Ty ; and T, , paired sera were considered
eligible and at risk for seroconversion during both time pe-
riods due to the potential for reinfection and infection by
additional pathogens.

Demographic and occupational data were collected from
questionnaires at Ty, Ty, and T,, assessing gender, age, race,
state work division, occupation, and region of employment.
The questionnaires also assessed presence of fever or rash
within 4 weeks after a tick bite. The RCT treatment group,
either LLPI treated clothing or untreated clothing, was re-
corded. Tick exposure data were collected in weekly, self-
reported tick bite logs, and workers quantified the number of
tick bites, date of and county where the bites occurred, and
the number of hours spent outdoors in work and nonwork
settings. Clinical signs and symptoms of illness were evalu-
ated by the study personnel for each participant who sought
medical care following a tick bite.

Seroprevalence and the risk of tick-borne infections were
assessed among workers during the study period. The overall
risk of seroconversion to any pathogen was calculated, and
bivariate associations with worker characteristics were assessed
in unadjusted risk ratios (RRs) and 95% confidence intervals
(CIs). Two-tailed Student’s ¢ tests assuming unequal variances
were used to evaluate associations between the overall risk of
seroconversion and the mean number of bites per week and
mean number of hours spent outdoors per week. Log-binomial
regression was used to model the risk of any seroconversion
and adjust for potential confounders or effect measure modi-
fiers, with adjusted RRs and 95% ClIs to quantify the magnitude
and significance of any effect. Statistical analyses were con-
ducted using SAS ver. 9.4 (SAS Institute, Inc., Cary, NC).

County-level maps were generated for seroprevalence,
incident seroconversion, and incident tick bites per person-
year based on the reported location of employment. Workers
in multicounty jurisdictions were distributed equally in each
county to facilitate mapping of denominator data for all
counties represented. Counties with insufficient worker
data—those with fewer than two workers in a county—were
excluded from incidence maps. All maps were generated
using ArcGIS ver. 10.2 (ESRI, Redlands, CA).

Results

Worker characteristics

The 90 subjects with paired sera included in this analysis
worked at 40 different sites, including 17 NC Division of Forest
Resources locations, 13 NC Division of Parks and Recreation
locations, 8 NC Wildlife Resources Commission locations, and
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TABLE 1. DEMOGRAPHICS AND OCCUPATIONAL
CHARACTERISTICS OF WORKERS IN THE
SuBcoHORT, 20112012
Subcohort
n %

Total N 155 —

Year 1 82 53

Year 2 73 47
Gender

Male 121 81

Female 29 19
Race

White 137 97

American Indian 2 1

Black 2 1

Other 0 —
Age in years

Median (range) 38 (25-60)
Work division

NC Division of Parks and Recreation 59 39

NC Division of Forest Resources 56 37

NC Wildlife Resources Commission 24 16

NC County/local parks 14 9
Occupation

Forestry/park ranger 63 42

Supervisor/superintendent 24 16

Forester 20 13

Wildlife technician 17 11

Maintenance/mechanic 13 9

Equipment operator 9 6

Other 5 3
NC region

Central 96 62

Eastern 59 38
RCT treatment group

Control 81 52

LLPI treatment 74 48
Mean tick bites per week (SD) 0.22 (0.39)
Mean hours spent outdoors per week (SD) 38 (16)

LLPIL long-lasting permethrin-impregnated; RCT, randomized
control trial; SD, standard deviation.

Incidence of tick bites per person-year
reported by county, 2011-2012

0.04 - 1.00

B 101-3.00
o1 -600
Il so1-803 A

No workers enrolled

Insufficient data® L 1|

* Insufficient data were due to fewer than 2 workers from a county
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2 NC county park locations. There were a total of 155 sets of
paired sera, including 82 (53%) for Ty ; and 73 (47%) for T »,
with sera from 65 workers collected in both periods. The ma-
jority of workers included in the subcohort were white males,
with a median age of 38 years (range: 25-60). Workers were
primarily from the NC Division of Parks and Recreation (39%)
and the NC Division of Forest Resources (37%), with others
from the NC Wildlife Resources Commission (16%), or local
county government or parks in NC (9%). Workers were em-
ployed in the central (62%) or eastern (38%) regions of NC.
Forestry or park ranger was the most common occupation
(42%), followed by supervisor (16%), forester (13%), and
wildlife technician (11%). Workers wore either LLPI clothing
(48%) or untreated clothing (52%), reported a mean of 0.22
weekly tick bites, and averaged 38 outdoor hours per week in
both work and nonwork settings (Table 1). Participants worked
in 55 NC counties throughout eastern and central NC, and the
number of tick bites was distributed across the study area with
the highest incidence of tick bites occurring in central NC,
ranging from O to 8 bites per person-year (Fig. 1).

Outcome assessment

Among the 130 subjects in the RCT cohort tested at
baseline, 49 (38%) showed evidence of prior exposure to at
least one tick-borne pathogen. The majority (61%) were
seroreactive to a single pathogen and 39% were seroreactive
to multiple pathogens (Table 2), with 12 reactive to two
pathogens, 6 reactive to three pathogens, and 1 reactive to
four pathogens (Supplementary Table S1; Supplementary
Data are available online at www.liebertpub.com/vbz). Re-
activities to pathogens among baseline serologic tests were to
R. parkeri (24%), R. rickettsii (19%), ““R. amblyommii” (12%),
and E. chaffeensis (4%). There were no positive tests for B.
burgdorferi among the 90 workers tested at baseline (Ta-
ble 2). The geometric means of the seropositive antibody
titers for each pathogen were as follows: 1/167 for R. parkeri
(range: 1/128-1/1024), 1/184 for R. rickettsii (range: 1/128—
1/512), 1/169 for “R. amblyommii” (range: 1/128-1/256), and
1/194 for E. chaffeensis (range: 1/128-1/512).

Within the subcohort, there were 40 incident infections of
at least one pathogen from 155 paired tests, a seroconversion

FIG. 1. Incidence of reported tick bites among outdoor workers in county acquired, 2011-2012.
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TABLE 2. SEROPREVALENCE AND SEROCONVERSION
AMONG NC OUuTDOOR WORKERS, 2011-2012

Seroconversion®
Total (TO,I & T],Z)

Seropositive®
Baseline (Ty)

Total tested 130 155
Any infection® 49 (38%) 40 (26%)
Single pathogen 30 (61%) 32 (80%)
Multiple pathogens 19 (39%) 8 (20%)
Specific pathogens
Rickettsia parkeri 31 24%) 19 (12%)
“Rickettsia 15 (12%) 14 9%)
amblyommii”
Rickettsia rickettsii 25 (19%) 9 (6%)
Ehrlichia chaffeensis 5 (4%) 8 (5%)
Borrelia burgdorferi® 0 (0%) 0 (0%)

#Antibody titers >1:128 were considered seropositive.

PSeroconversion was defined as a fourfold rise in antibody titer
between paired sera from 1 year to the next year.

“Any infection refers to the number of workers with prevalent or
incident infection from at least one pathogen.

9B. burgdorferi was tested in paired sera from baseline and year
two paired sera for the 90 workers.

rate of 0.26 infections per person-year. Of the 40 incident
infections, 6 (15%) were coincident with one other pathogen
and 2 (5%) were coincident with two additional pathogens
(Table 2 and Supplementary Table S2). Seroconversion was
attributed to R. parkeri infection (12%), “‘R. amblyommii’

A E. chaffeensis

C R. parkeri
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(9%), R. rickettsii (6%), and E. chaffeensis (5%). There were
no incident infections of B. burgdorferi among the 90T,
pairs (Table 2). Two of the 40 seroconversions, both to
R. parkeri, occurred in individuals with prior evidence of
R. parkeri exposure in baseline seroprevalence testing.

Only two subjects presented to physicians and had
laboratory-confirmed infections with SFR and ehrlichiosis
pathogens, one with E. chaffeensis and one with R. parkeri.
Both reported rash within 4 weeks following a tick bite, and
only one reported a fever. Additional clinical signs and
symptoms were not collected. These clinical infections were
both in park rangers from the NC Division of Parks and
Recreation workers from central NC wearing untreated
clothing.

The incidence of seroconversion shows infection by vari-
ous pathogens across the study area. E. chaffeensis, R. par-
keri, and *‘R. amblyommii’’ all showed similar occurrence in
portions of central NC and southeastern NC, with an inci-
dence from 0.01 to 4.00 infections per 10 person-years. The
incidence of seroconversion to R. rickettsii was more focal in
central NC, including a county with an incidence of over
eight infections per 10 person-years. The map of any sero-
conversion reflects the spatial trends from each pathogen-
specific map—high-incidence counties were generally the
counties where multiple pathogens were detected. The full
spatial trends in the data, however, cannot be deciphered due
to insufficient data throughout the study area (Fig. 2).

B R. rickettsii

D

Incidence of seroconversion (per 10 person-years)
| No seroconversions (0.00)

[ 001-200

B 2.01-4.00

I 401-7.00

I 701-833 N
| No workers enrolled A

> | Insufficient data* R e

® Insufficient data were due to fewer than 2 workers from a county

FIG. 2. Incidence of seroconversion for specific pathogens (A-D) and for any pathogen (E) among outdoor workers by

county, 2011-2012.
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Risk factors for seroconversion

The risk of seroconversion to any tick-borne pathogen over
the study period was 26% (40/155). In bivariate associations,
seroconversion risk was lower among workers with LLPI-
impregnated uniforms when compared to the controls with no
treatment (unadjusted RR=0.81; 95% CI: 0.47, 1.39). Work-
ers from central NC had a higher risk of seroconversion than
those in eastern NC (0.28 vs. 0.22). The risk of seroconversion
was highest in workers from the NC Division of Forest Re-
sources (0.36), followed by the NC Division of Parks and
Recreation (0.24), NC County or local parks workers (0.21),
and NC Wildlife Resources Commission (0.13). The unad-
justed risk of seroconversion among NC Division of Forest
Resources workers was 1.73 times the risk among all other NC
work divisions in our study (95% CI: 1.02, 2.93).

Workers who seroconverted reported a higher mean
number of tick bites per week than those who were uninfected
(0.27 vs. 0.20). Uninfected workers spent about the same
amount of time outdoors per week in work and nonwork
settings as those who seroconverted (36.6 vs. 38.5). Neither
measure varied significantly between groups for the mean
time spent outdoors per week (p=0.55) and the log-
transformed mean number of tick bites per week (p=0.20)
(Table 3).

Results from multivariable analysis were similar to the
unadjusted findings. After adjustment, the risk for serocon-
version in the workers from the NC Division of Forest Re-
sources was significantly higher than the risk among other
NC state workers (RR: 1.73; 95% CI: 1.02, 2.92) (Table 3).
The risk was higher among workers in central NC than in
eastern NC, but not significantly (RR=1.22; 95% CI: 0.70,
2.15). While the LLPI clothing protected against tick bites in
the parent study by Vaughn et al. (2014b), its effect on se-
roconversion in this study was smaller. The unadjusted and
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adjusted RRs were 0.81 (95% CI: 0.47, 1.39) and 0.85 (95%
CI: 0.50, 1.44), respectively, a consistent but statistically
nonsignificant effect.

Discussion

North Carolina accounted for more than 13% of 9000 SFR
cases reported to CDC from 2010 to 2012 (CDC 2012, 2013,
2014). These SFR cases were attributable to multiple Rick-
ettsia species found in the state and known or suspected to
cause human illness, including R. rickettsii, R. parkeri, and
“R. amblyommii”’ (Billeter et al. 2007, Apperson et al. 2008,
Paddock et al. 2008, Lee et al. 2014). North Carolina also
reports a high number of ehrlichiosis cases attributable to
E. chaffeensis and a small number of autochthonous cases of
Lyme disease (CDC 2014, NCDHHS 2014). SFR organisms
were most commonly identified in this study, with only a small
proportion of E. chaffeensis detected, and no B. burgdorferi
exposures identified. One in three workers demonstrated prior
infection with at least one tick-borne pathogen, and one in four
workers were infected by a tick-borne pathogen during the
study period. Our findings confirm that outdoor workers in NC
have substantial exposure to tick-borne pathogens.

Among the SFR organisms detected, R. parkeri was the
most common in seroprevalence and seroconversions, and
“R. amblyommii”” was more common than R. rickettsii
among the seroconversions. While the pathogenic potential
of “R. amblyommii” in humans is unclear, it elicits a strong
immune response resulting in serodiagnosis of SFR even in
the absence of clinical disease (Rivas et al. 2015). However,
evidence for pathogenicity of ““R. amblyommii,”” and a po-
tential protective effect against R. rickettsii in infected ani-
mals, was recently shown in animal models by Rivas et al.
(2015). Within our study, the limited number of R. rickettsii
infections and the subclinical presentation of most cases

TABLE 3. Risk FACTORS MEASURED AMONG THE SUBCOHORT, 2011-2012

No Risk of Unadjusted Adjusted
Seroconversion infection seroconversion RR (95% CI) RR* (95% CI) p Value®
RCT treatment group
LLPI treatment 17 57 0.23 0.81 (0.47, 1.39) 0.85 (0.50, 1.44) 0.54
Control 23 58 0.28 Ref Ref
Region of employment
Central NC 27 69 0.28 1.28 (0.72, 2.27) 1.22 (0.70, 2.15) 0.48
Eastern NC 13 46 0.22 Ref Ref
Work division (dichotomized)
NC Division of Forest Resources 20 36 0.36 1.73 (1.02, 2.93) 1.73 (1.02, 2.92) 0.04
Other NC division workers 20 77 0.21 Ref
Work division (categorical)
NC Division of Parks 14 45 0.24 Ref —
and Recreation
NC Division of Forest 20 36 0.36 1.51 (0.85, 2.68) — 0.16
Resources
NC Wildlife Resources 3 21 0.13 0.53 (0.17, 1.67) — 0.25
Commission
NC County/local parks 3 11 0.21 0.90 (0.30, 2.72) — 0.86
Mean tick bites per week (SD) 0.27 (0.41)  0.20 (0.39) — — — 0.20
Mean outdoor hours 36.6 (17.9) 38.5 (15.2) — — — 0.55

per week (SD)

*Variables for adjustment were region of employment and work division.
PReported p values align with the adjusted RR, unadjusted RR, or r-tests, as applicable.

CI, confidence interval; RR, risk ratios.
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provide evidence in support of the emergence of low patho-
genic SFR that were historically misclassified as Rocky
Mountain spotted fever (Paddock et al. 2004, Whitman et al.
2007, Apperson et al. 2008, Moncayo et al. 2010).

The incidence of infections within this cohort was directly
attributable to the host-seeking ticks and their pathogens. In a
prior study within this cohort, Lee et al. (2014) examined the
prevalence of Rickettsia species in ticks removed from the
skin of the outdoor workers and found little evidence of
R. rickettsii circulating among ticks in the study area. Over
90% of the host-seeking ticks collected were Amblyomma
americanum, with very few Dermacentor variabilis, Am-
bystoma maculatum, and Ixodes scapularis identified. Al-
though the geographic location of these ticks was not included
in this study, “R. amblyommii” represented the majority of
organisms detected in A. americanum and other tick species,
with some infections by R. parkeri and only single infection
with R. rickettsii (in an A. americanum). These entomologic
data correspond with the findings of the current study identi-
fying a higher number of incident seroconversions of R. par-
keri and ““R. amblyommii”> compared with R. rickettsii.

The risk of incident infection by SFR or ehrlichiosis
pathogens identified among workers in this study was higher
than observed in most other studies. A multisite study of
soldiers on military installations, including one in NC, de-
tected seroconversions in 2.5% and 1.3% for SFR and ehr-
lichiosis pathogens. In a serologic study of park workers in
the Great Smoky Mountains National Park, Adjemian et al.
(2012) reported a comparable seroprevalence of 21% for SFR
and 5% for E. chaffeensis, but only a single seroconversion to
SFR was identified. These differences in incidence are likely
due to site characteristics—central and eastern NC are es-
tablished areas of SFR endemicity and have more suitable
ecologic conditions for ticks than the densely forested, higher
elevations of the Great Smoky Mountains.

This study identified a higher risk of seroconversion
among NC Division of Forest Resources, which was ex-
pected, given their work in the field and likelihood of tick
exposure. Seroconversion occurred in 36% of the forestry
workers, and they were 73% more likely to have an inci-
dent infection when compared with all other work divi-
sions. Although job activities may differ within and among
the work divisions, the activities and settings in which
foresters work likely increase their exposure to ticks.
Within the study by Adjemian et al. (2012), resource
managers, who likely have similar roles as foresters, were
6.6 times as likely (95% CI: 1.3, 34.7) to have an incident
seroconversion to any mosquito- or tick-borne antigen
when compared to workers with administrative positions.
The RR in this study was smaller but more precise (RR:
1.73; 95% CI: 1.02, 2.92), likely due to a larger sample
size and our restricted enrollment to those working at least
10h per week outdoors.

No other worker characteristics were identified as risk
factors for seroconversion. The use of LLPI uniforms showed
evidence of a protective effect, but was not significant. This
might be because the uniforms lost efficacy in year 2 or be-
cause workers were infected outside of work hours when
uniforms are not worn (Vaughn et al. 2014b). The risk of
seroconversion based on the number of reported tick bites
was also nonsignificant but suggestive of a higher risk of
seroconversion among those reporting more tick bites.
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We must acknowledge several limitations to this study.
First, seroconversion was measured from paired samples
collected over a time period during which antibody levels
may have decreased to less than a fourfold rise in titer. This
outcome misclassification would only increase the number of
seroconversions detected. Second, the fourfold rise in anti-
body titer is assumed to be indicative of infection by a spe-
cific pathogen, but we must acknowledge the potential for
this rise in antibody titer to be evidence of reinfection by or
re-exposure to a pathogen. However, in all but two sero-
conversions, there was no evidence of prior exposure to the
specific antigen at baseline. We also must acknowledge the
potential for cross-reactivity within Rickettsia species
(Vaughn et al. 2014a). The outcome of any seroconversion,
rather than using pathogen-specific outcomes, was used to
address this potential misclassification from cross-reactivity.
Finally, this study was not sufficiently powered to detect
small differences in the risk of seroconversion—the sample
size of the current study was limited to the eligible partici-
pants from the parent study. The lack of significance in some
results, therefore, should not be interpreted as an absence of
effect on the risk of seroconversion in this study.

Conclusions

Outdoor workers on publicly managed lands within NC are
at significant risk of acquiring tick-borne infections and sub-
sequent exposure to pathogens, and workers from the NC
Division of Forest Resources are at an even higher risk of
infection. The risk of infection by SFR and ehrlichiosis path-
ogens is not homogenous across eastern and central NC, and
incidence varies in areas of central and eastern NC. While
there was little difference in the risk of infection by SFR and
ehrlichiosis pathogens based on time spent outdoors and
number of tick bites per week, continued recommendations for
personal protective measures, including wearing permethrin-
treated clothing, will limit the exposure to ticks and tick-borne
illnesses. The findings of this study underscore the occupa-
tional risks of tick-borne illness among outdoor workers.
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