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Abstract

Tick-borne diseases are poised to devastate the North American cattle industry if infected ticks invade the country
either by importation of an infested-animal or with natural host migration. Our research objectives were to identify
sources for invasive-tick monitoring and use those sources to describe seasonal and regional impacts on infestation
prevalence and burden of ticks on beef cattle. Throughout the state of Tennessee, we sampled 25% of the total herd
size (or 10 animals) at three university-operated research and education centers (RECs) (sentinel sites), six livestock
auctions (check-stations), and nine Extension agents at 21 producer locations (tick scouts) from 2015 to 2016. From
1,817 sampled cattle 740 ticks (Acari: Ixodidae) were collected including 573 Amblyomma americanum (L.) (77.4%),
125 A. maculatum Koch (16.9%), 35 Dermacentor variabilis (Say) (4.7%), and 3 Ixodes scapularis (Say) (0.4%).
Western and middle Tennessee were signi cantly different in infestation prevalence and burden of A. maculatum.
For A. maculatum and the species total, infestation prevalence and burden were greater in spring than fall. Auctions
(check stations) and RECs (sentinels) had the greatest infestation prevalence of A. maculatum, and the greatest
burden of A. maculatum and D. variabilis. High-risk locations clustered in western and middle Tennessee, with
low-risk locations in middle and easternTennessee. Results from this study provide knowledge necessary to initiate
control measures, including seasonal phenology and regional distribution of current tick threats. Use of RECs
as sentinel sites and routine tick surveillance at livestock auctions serving as check stations should be used for
mitigating invasive tick threats.
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Ticks (Order: Acari) are blood-feeding arthropods of both medical
and veterinary signi cance because they can damage a host via mul-
tiple mechanisms. Tick attachment can cause direct damage through
dermatitis, allergies, introduction of toxic salivary compounds,
and provide entry points for secondary infections (Jongejan and
Uilenberg 2004). Additionally, ticks can indirectly damage their host
via the transmission of pathogenic microbes. Ticks and tick-borne
diseases are a serious threat to the cattle industry in the United
States. The U.S. beef cattle industry signi cantly contributes to the
country s economy, with a retail value estimated at US$105 billion
in 2015 (USDA-ERS 2017). In 2012, cow-calf production for beef
was one of Tennessees top agricultural commodities at US$735.5
million (Vilsack and Clark 2014). The cattle industry s economic
success is dependent upon proper management of factors that affect
cattle production. Cattle health is of major importance, with annual
losses from health-related issues estimated at US$20 25 million in
Tennessee (Neel 2013). Although ticks likely contribute to health

losses in Tennessee, anecdotal evidence indicates that many producers
are unconcerned or unaware of the consequences these pests can have
on cattle health. This pervasive mindset makes the cattle industry vul-
nerable to endemic ticks and pathogens, including those that transmit
bovine anaplasmosis (BA). BA is a serious disease of cattle that occurs
in many parts of the United States (Merriman et al. 1966, McCallon
1973, Whitlock et al. 2014). The etiological agent, Anaplasma mar-
ginale Theiler (Rickettsiales: Anaplasmataceae), can be transmitted
mechanically by biting arthropods or fomites contaminated by blood,
and biologically by Dermacentor ticks (Dikmans 1950, Kocan et al.
2004). Infected cattle can suffer from fever, anorexia, and abortions
(Ristic 1977), which can negatively affect the livelihood of cattle pro-
ducers. For California beef cattle, the estimated cost of direct losses
from BA infection combined with treatment and control costs is
US$1.48 million (Goodger et al. 1979).

Furthermore, underestimating the impact of ticks on cattle health
could create conditions that allow for the invasion of new threats.
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Sites for Invasive Monitoring

To determine which collection method (RECs, extension collec-
tions [EXT], and/or auctions) would be best for future tick moni-
toring opportunities we compared infestation prevalence and tick
burden from collections in the peak collection periods (spring and
summer). This was used to make comparisons between collection
sources due to greater temporal overlap in collections. Likewise,
when investigating sex and age of animals as risk factors for tick
parasitism animals were chosen from among regions that were not
statistically different and from spring and summer. Signi cance for
the PROC GLM was determined at = 0.05.

Results

Tick Collections

A total of 740 ticks (Acari: Ixodidae) were collected from cattle con-
sisting of four species (Table 1). A majority (77.2%) of the collec-
tion were Amblyomma americanum (L.) (573 specimens) of which
61.6% were females, 31.4% were males, and 6.6% were nymphs.
Amblyomma maculatum Koch comprised 16.8% of the collection
(125 specimens) of which 84.8% were males and 15.2% were females.
Dermacentor variabilis (Say) comprised 4.7% of the collection (35
specimens) of which 60.0% were female and 40.0% were male. The
remaining 1.2% were three |. scapularis (adults) and four specimens
missing key morphological features that made them unidenti able
using dichotomous keys. Due to our wide collection, some specimens
were opportunistically collected and they included 53 A. maculatum
(34 females and 19 males) and 35 A. americanum (24 females and 11
males); as mentioned, these were not used in any analyses.

Most cattle sampled during spring and summer were not infested
with ticks (1,094 cattle; 78.3% tick-free) and if an animal was
infested with ticks it was typically infested with only one species
(285 cattle; 94.1%). Consequently, we rarely identi ed two different
tick species co-occurring (simultaneously feeding) on the same ani-
mal (Table 2). We identi ed co-occurrence on 22 different animals
(1.6% of sampled animals) and we never observed three different
species on the same host. Cole s index of association for A. america-
num and D. variabilis was 0.299 — 0.0799 ( 2 = 14.09; P = 0.0002)
indicating a signi cantly positive interspeci c relationship. Whereas,
Coless index of association for A. americanum and A. maculatum
was 0.437 — 0.3350 ( 2 = 1.695; P = 0.1929) and for A. macula-
tum and D. variabilis was 0.039 — 0.0329 ( 2 =1.242; P = 0.2650)
indicating no signi cant relationship between the different co-occur-
rence species.

Knowing these tick species mate on their hosts, we also com-
pared intraspeci c interactions. Coles index of association for
A. americanum adults and nymphs was 0.686 — 0.0825 ( 2=69.17;
P < 0.0001) and for males and females it was 0.351 — 0.0341
( 2 =105.54; P < 0.0001) indicating all nymph, male, and female
A. americanum were signi cantly associated together on cattle. This
was also signi cant for A. maculatum males and females; their Cole s
index of association was 0.606 — 0.0443 and positively associated
with one another ( 2 =187.21; P < 0.0001).

Effects of Season and Region

Total

Infestation prevalence (F = 9.54; df = 2; P = 0.0021; Table 3) and bur-
den (F =11.16; df = 2; P = 0.0011; Table 4) were different between
fall and spring collections (P < 0.005). Both infestation preva-
lence (F = 0.16; df = 2; P = 0.8488; Fig. 2) and burden (F = 0.30;
df = 2; P = 0.7408; Fig. 3) were not signi cant between regions of
Tennessee. One cluster encompassing nine locations in middle and
western Tennessee was signi cant for high tick infestation rates
(P < 0.0001) with a relative risk of 3.01 (Fig. 4). There were also
two clusters encompassing 11 locations in middle and eastern, and
one in western, Tennessee were signi cant for low rates of infestation
(P < 0.001) with relative risk ranging from 0.19 to 0. Locations for
both high and low rate clusters comprised all three collection source
types (RECs, auctions, extension collections).

Amblyomma americanum

For A. americanum, neither infestation prevalence (F = 1.59; df = 2;
P = 0.2361) or burden (F = 1.96; df = 2; P = 0.1756) were signi -
cantly impacted by season. We observed the same insigni cant pat-
terns in infestation prevalence (F = 0.13; df = 2; P = 0.8811) and
burden (F = 0.85; df = 2; P = 0.4375) between regions. Further spa-
tial analysis revealed one high rate cluster comprised of four loca-
tions in middle Tennessee that had signi cant clusters of infestation
for A. americanum (P < 0.001) with a relative risk of 3.82. This
cluster included an auction and several extension collections. Four
signi cant low rate clusters (P < 0.05) with relative risk ranging
from 0.092 to 0 were detected in neighboring locations comprised
of RECs and extension locations.

Amblyomma maculatum

Season had a signi cant effect on infestation prevalence (F = 6.82;
df =2; P =0.0078) and burden (F = 6.68; df = 2; P = 0.0084), with
fall lower than spring (P < 0.05). Additionally, both infestation

Table 1. Amblyomma americanum, Amblyomma maculatum, and Dermacentor variabilis were found parasitizing cattle inTennessee

Tick species Life-stage No. ticks No. animals Mean (-SEM) Infestation prevalence (%) Tick burden
Amblyomma americanum Nymph 40 32 0.02 - 0.004 1.76 1.25
Male 180 109 0.01-0.010 5.99 1.65
Female 353 185 0.19 - 0.020 10.18 191
Total 573 252 0.32-0.030 13.87 2.27
Amblyomma maculatum Nymph 0 0 0 0 0
Male 106 35 0.06 — 0.010 1.93 3.03
Female 19 13 0.01-0.003 0.72 1.46
Total 125 40 0.07 - 0.020 2.20 3.13
Dermacentor variabilis Nymph 0 0 0 0 0
Male 14 14 0.01 -0.002 0.77 1
Female 21 21 0.01 -0.002 1.16 1
Total 35 33 0.02 - 0.003 1.82 1.06

Additional specimens collected from sampled cattle include three Ixodes scapularis and four tick specimens (0.5%) missing key morphological features which

made them unidenti able using dichotomous keys.
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Table 2. Co-occurrence of two different tick species?® was rarely documented on cattle (1.6% of sampled animals), but signi cant interspe-
ci cand intraspeci ¢ competition did occur

Number of cattle

Only dominant Only co-occurring

Dominant species Co-species Both present species species Both absent Coles index (C, — SE)
Interspeci ¢ competition
Amblyomma americanum  Amblyomma maculatum 4 244 36 1,113 0.437 — 0.3350
(P =0.1929)
Amblyomma americanum Dermacentor variabilis 14 234 19 1,130 0.300 — 0.0799
(P =0.0002)
Amblyomma maculatum  Dermacentor variabilis 2 38 31 1,326 0.039 - 0.0329
(P =0.2650)
Intraspeci ¢ competition
Amblyomma americanum  Amblyomma americanum 23 225 8 1,141 0.686 — 0.0825
adults nymphs (P < 0.0001)
Amblyomma americanum Amblyomma americanum 46 130 56 1,165 0.351 - 0.0341
females males (P < 0.0001)
Amblyomma maculatum  Amblyomma maculatum 8 27 5 1,357 0.606 — 0.0443
females males (P < 0.0001)

P values that are <0.05 are considered signi cant and are bolded.

alxodes scapularis was found co-occurring on one animal with D. variabilis and another animal with A. maculatum. These interactions occurred only once each.

Table 3. Overall infestation prevalence for the study was 16.9% for sampled cattle®

Variable of interest (n = no. cattle) Amblyomma americanum Amblyomma maculatum Dermacentor variabilis Overall
Seasonal effect
Spring (n = 297) 6.5-3.85 16.2 - 10.67a 25-1.16 23.6 - 10.01a
Summer (n = 307) 9.1-9.09 0.9 — 0.93ab 1.6-0.93 10.9 — 8.54ab
Fall (n = 194) 0 Ob 0 Ob

Statistic F (P)
Regional effect

1.59 (0.2361)

Western (n = 362) 20.0 —4.47
Middle (n = 628) 26.2-7.45
Eastern (n = 407) 22.3-18.87

Statistic F (P) 0.13 (0.8811)

Site effect
REC (n = 604) 7.7-6.99
EXT (n=374) 27.4-17.18
Auction (n = 419) 21.9-6.48

Statistic F (P) 0.52 (0.5985)

6.82 (0.0078)* 3.54 (0.0550) 9.54 (0.0021)*

3.9-1.88a 3.6-175 249 -5.49
1.2-1.20b 16-1.13 27.4-7.33
Oab 1.1-0.56 23.3-18.38

4.83 (0.0161)* 2.10 (0.1416) 0.16 (0.8488)

9.5-7.38a 2.0-0.32 17.6-751
Ob 1.9-1.20 27.9-7.18
3.9-2.20a 2.6 -1.04 256-7.11

18.3 (<0.0001)* 4.81 (0.0163)* 0.19 (0.8271)

aStatistics are reported as the F value and respective P value as F(P). P values that are signi cant are bolded and denoted by (*). Mean values are calculated from
raw data and do not re ect rank-transformed data. Mean values within a column with different lower-case letters are signi cantly different at P < 0.05.

prevalence (F = 4.83; df = 2; P = 0.0161) and burden (F = 4.53;
df = 2; P = 0.0201) were shown to be signi cant between regions.
Least-squared means demonstrated that western Tennessee was
signi cantly different from middle Tennessee in both infestation
prevalence (P = 0.0176) and burden (P = 0.0222) and both of these
regions were not signi cantly different from eastern Tennessee for
either variable. Cluster analysis showed one auction and one REC
along the border of middle and western Tennessee were a cluster
of high infestation rates (P = 1.0 10 %) with a relative risk of
24.85. Several locations in middle and eastern Tennessee formed
a signi cant cluster of low rates of infestation (P = 7.6 10 %)
with a relative risk of 0 and were comprised of all three collection
source types.

Dermacentor variabilis

For D. variabilis, season was not signi cantly associated with
infestation prevalence (F = 3.54; df = 2; P = 0.0550) or burden
(F = 3.55; df = 2; P = 0.0546). Like the patterns seen in total and

A. americanum, infestation prevalence (F = 2.10; df = 2; P = 0.1416)
and burden (F = 2.68; df = 2; P = 0.0868) were not signi cant
between regions. One location in western Tennessee was shown to
be a signi cant high cluster for D. variabilis (P = 0.039) that had a
relative risk of 6.25. There were no locations that were considered
signi cant low clusters for D. variabilis.

Sites for Invasive Monitoring

We attempted to compare phenotypic traits of the animals includ-
ing sex and age, but all comparisons were insigni cant (P > 0.05).
There was a signi cant effect due to site type (F = 6.68; df = 16;
P <0.0001), which was driven by differences observed in A. macula-
tum and D. variabilis. The infestation prevalence (F = 18.33; df = 2;
P < 0.0001) and burden (F =18.58; df = 2; P < 0.0001) of A. mac-
ulatum were greatest at the auctions and RECs (P < 0.001). For
D. variabilis, burden (F = 11.13; df = 2; P = 0.0003) was signi cantly
greater at the auctions and RECs compared to extension collections
(P <0.05).
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Table 4. The overall tick burden for the study was 2.4 for sampled cattle?

Variable of interest (n = no. cattle) Amblyomma americanum Amblyomma maculatum Dermacentor variabilis Overall
Seasonal effect
Spring (n = 297) 0.6 —0.29 1.7 -0.69a 0.6-0.24 2.0-0.64a
Summer (n = 307) 0.4-0.35 0.3 -0.25ab 0.5-0.29 0.9 - 0.31ab
Fall (n = 194) 0 Ob 0 Ob

Statistic F (P)
Regional effect

1.96 (0.1756)

Western (n = 362) 21-0.75
Middle (n = 628) 1.5-0.39
Eastern (n = 407) 1.5-0.19

Statistic F (P) 0.85 (0.4375)

Site effect
REC (n = 604) 0.9-045
EXT (n=2374) 15-0.37
Auction (n = 419) 2.4-0.84

Statistic F (P) 1.62 (0.2165)

18.58 (<0.0001)*

6.68 (0.0084)* 3.55 (0.0546) 11.16 (0.0011)*

0.6 —0.22a 0.6 -0.20 1.8-0.54
0.3-0.22b 0.2-0.09 1.7-0.42
Oab 0.7-0.37 15-0.18

4.83 (0.0161)* 2.68 (0.0868) 0.30 (0.7408)

1.8-1.29 1.1-0.07a 24-1.01
Ob 0.1 -0.08b 1.5-0.37
0.7-0.23a 0.7-0.22a 2.1-0.60

11.13 (0.0003)* 1.81 (0.1829)

aStatistics are reported as the F value and respective P value as F(P). P values that are signi cant are bolded and denoted by (*). Mean values are calculated from
raw data and do not re ect rank-transformed data. Mean values within a column with different lower-case letters are signi cantly different at P < 0.05.

Prevalence of cattle infested with ticks inTennessee, 2015-2016

A 25.69%

X F=0.16;,df = 2; P=0.8488

4.67%

a TOta| 0 35 70 140 210 250v
F=0.13;df=2; P=0.8811 F=4.83df=2; P=0.0161 F=210,df=2;, P=0.1416
20.72% 25.32% 3.44% 3.87% 4.14% 0% 3.59% 2.23% 1.47%

o) ‘o <
‘ ® 3 45 9 ()
AC B BC
b A. americanum [ A. maculatum d D. variabilis

0% 0.4% -20%  21% - 40%

41% - 60%

61% -80% 81% -100%

Fig. 2. Infestation prevalence of cattle infested with ticks in Tennessee. Values shown are calculated from raw data and do not represent rank-transformed
data. Infestation prevalence varied by the species total (a) and each tick species; Amblyomma americanum (b), Amblyomma maculatum (c), and Dermacentor
variabilis (d). Region was only signi cant for A. maculatum infestation prevalence, with regions with different upper-case letters being signi cantly different at

P <0.05.

Discussion

Results of this study con rm that A. americanum, A. maculatum,
and D. variabilis are pests of cattle in Tennessee (Pompo et al. 2016).
One difference in these two studies is that in this survey I. scapu-
laris was also identi ed as a parasite of cattle and was completely
absent from the previous study. Adult I. scapularis were previously
documented as a pest of cattle with a seasonal activity ranging from
October through April (Bishopp and Trembley 1945, Harris 1959,
Drummond 1967, Barnard 1981). Our results corroborate these

ndings, 1. scapularis were captured in low numbers (n = 3) in win-
ter and early spring. Therefore, the absence of I. scapularis from
Pompo et al. (2016) is likely due to the summer sampling employed
in their survey, which would have missed the window of activity for
adult 1. scapularis.

The most common tick species collected was A. americanum.
This species is abundant with a wide geographic range; it was cap-
tured at 23 sites using all collection types and has high infestation
prevalence and tick burden throughout the spring and summer.
These characteristics make A. americanum a primary ectoparasite
of Tennessee cattle. Previously, 15 female A. americanum per ani-
mal was the injury threshold for pre-weaned beef cattle (Barnard
1985). None of the animals sampled in this study had more than
the threshold (maximum was 11 female A. americanum per single
animal) indicating these tick populations were not at damaging lev-
els; however, we could only sample from a limited portion of the
animal s body surface unlike Barnard (1985) who performed whole-
body inspections. Given this consideration, it is possible that infested
herds had more ticks than we could capture, and thus producers in
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Fig. 3. Burden of ticks on cattle in Tennessee. Values shown are calculated from raw data and do not represent rank-transformed data. Burden varied by the
species total (a) and each tick species; Amblyomma americanum (b), Amblyomma maculatum (c), and Dermacentor variabilis (d). Region was only signi cant
for A. maculatum burden, with regions with different upper-case letters being signi cantly different at P < 0.05.

Fig. 4. Spatial cluster analysis of tick infestation on cattle inTennessee. High-rate clusters were found for the species total (a) and each tick species; Amblyomma
americanum (b), Amblyomma maculatum (c), and Dermacentor variabilis (d). Low-rate clusters were found for each species except D. variabilis.

Tennessee may already be suffering economic losses due to A. ameri-
canum feeding damage.

Conversely, D. variabilis were collected from only 10 locations,
both infestation prevalence and burden were low and not impacted
by either season or region, and little geographic clustering was
observed. Previous survey results found D. variabilis in 40 of 49
sampled counties in Tennessee, suggesting that it has a wide geo-
graphic range (Cohen et al. 2010). Knowledge of the geographic
range of this pest is important because D. variabilis is a biological
vector of A. marginale, and its distribution may indicate geographic
range of this pathogen. A high proportion of Tennessee beef cattle

(56%) tested between 2002 and 2012 were infected with A. margin-
ale, with 10.53% of samples positive in 2013 (Whitlock et al. 2014).
Since this species is widespread, but has a low infestation prevalence
and low tick burden, this may explain Tennessee s relatively low BA
rates (e.g., there are not enough infected ticks to cause infection at
this time). Furthermore, knowledge of the phenology and regional
distribution of D. variabilis is important for veterinarians to pre-
scribe medication under new regulations outlined by the veterinary
feed directive. The directive dictates that the supervision of a vet-
erinarian who has a veterinarian-client patient relationship with the
producer is necessary to administer medicated feeds to herds, with
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is already established in this area. Finding H. longicornis-infested
animals in both adjacent, regional, and distant states on livestock
and wildlife supports this claim (Anonymous 2018). Applying our
results, of cials should use livestock auctions as tick-check stations
to monitor spread and establishment, while producers should be
vigilant about checking their own, their newly purchased, and/or
moved cattle for ticks.

Early detection of H. longicornis and other tick species capable
of affecting the cattle industry in the United States (R. microplus,
R. annulatus, A. variegatum) is paramount to effective quarantine
strategies and determination of geographic distribution of associated
pathogens. Future work should expand the proposed surveillance
strategy from Tennessee into other states to protect the U.S. cattle,
and other livestock, industries. Establishing a multi-state collabora-
tive system would permit early detection of tick threats and make
concerted eradication and quarantine efforts possible.
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