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Abstract

Background: Ticks are common on horses, but recent publications characterizing equine tick infestations in North
America are lacking.

Methods: To further understand attachment site preferences of common ticks of horses, and to document the sea-
sonality of equine tick infestation in northeastern Oklahoma, horses from eight farms were evaluated twice a month
over a 1-year period. Each horse was systematically inspected beginning at the head and moving caudally to the tail.
Attachment sites of ticks were recorded and all ticks collected were identified to species and stage.

Results: Horses (26 males and 62 females) enrolled in the study ranged in age from 1 to 23 years (mean=12, 95%
CI11-13). A total of 2731 ticks were collected; 84.1% (74/88) of the horses were infested (median = 3 ticks) at one or
more examinations. Five tick species were identified, including Amblyomma americanum (78.2%; 2136/2731), Ixodes
scapularis (18.2%; 497/2731), Dermacentor albipictus brown variant (2.6%; 71/2731), Dermacentor variabilis (0.7%;
20/2731), and Amblyomma maculatum (0.3%; 7/231). Most ticks were adults (83.6%; 2282/2731), but immature A.
americanum (436/2136; 20.4%), D. albipictus (12/71; 16.9%), and A. maculatum (n = 1) were occasionally recovered.
Amblyomma americanum were most often attached to the inguinal area, and /. scapularis and D. albipictus were most
commonly found on the chest and axillary region (P<0.0001). Ticks were found on horses in every month of the year.
The largest number of ticks (638/2731; 23.4%) were collected in May (P<0.0001). Amblyomma americanum, primarily
immature, was the only tick recovered in September, I. scapularis and D. albipictus predominated October through
February, and both A. americanum and . scapularis were common in March. In the warmer months, April through
August, A. americanum was the most common tick, followed by D. variabilis and A. maculatum.

Conclusions: This research confirms that ticks common on horses in North America have attachment site prefer-
ences and that ticks infest horses in Oklahoma throughout the year, including during the winter. Additional research is
warranted to fully understand the risk these infestations pose to equine health.
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Background
Ticks commonly infest horses in North America, causing
*Correspondence: susanlittle@okstate.edu localized inflammation and dermal trauma, and some-
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reactions [1-5]. Ixodid ticks most frequently identified
from horses in the USA include Ixodes scapularis, which
transmits Borrelia burgdorferi and Anaplasma phagocyt-
ophilum, both of which have been shown to cause equine
disease; Amblyomma americanum, which can induce
localized reactions; and Dermacentor variabilis, a species
associated with equine tick paralysis and experimentally
competent for transmission of Theileria equi [1, 3, 6-10].
Although considered of greater concern for cattle, horses
in some areas of the USA can serve as hosts to A. macu-
latum, resulting in equine gotch ear, as well as the newly
established Haemaphysalis longicornis and occasion-
ally re-introduced Rhipicephalus (Boophilus) spp. ticks
[6, 11-13]. Novel and recognized equine piroplasmo-
sis agents have also been reported in the region [4, 14].
Despite the importance of ticks to equine health, recent
comprehensive tick surveys of North American horses
are sparse.

Different species of ticks display attachment site prefer-
ences on different hosts. For example, on dogs and cats,
L scapularis most commonly attaches to the head, ears,
and neck, whereas A. americanum is more often found
ventrally [15]. On white-tailed deer, over 85% of I. scap-
ularis are attached to the ears, head, neck, and cranial
thorax, while A. americanum are primarily found on the
head and ears as well as ventrally on the abdomen, ingui-
nal region, and perianal region; 75% of adult A. ameri-
canum are found attached to the left side of deer [1, 16].
On horses, most (84%) I. scapularis females are found
attached to the chest, the axillary and inguinal regions,
and below the chin, and adult D. variabilis prefer the
tail and mane [1, 7]. In Israel, Hyalomma spp. and Rhi-
picephalus turanicus are most commonly attached to the
inguinal region of horses, while Haemaphysalis parva
is most often found on the neck and chest [17]. Equine
attachment site preferences have not been reported for A.
americanum or D. albipictus.

The seasonal activity of species and stages of ticks var-
ies, leading to fluctuations in equine infestation risk
throughout the year. An earlier survey conducted from
May through July on Oklahoma horses described find-
ing adult A. americanum earlier in the summer and
adults of both D. variabilis and A. maculatum in later
summer months [3]. Ixodes scapularis was collected
from horses examined in Maryland from mid-October
through November [1]. Tick collections from feral horses
at Assateague Island National Seashore in April of 1987
and 1988 revealed mixed infestations with A. america-
num, D. variabilis, and I. scapularis, although intensity of
infestation was not reported and only the head and neck
were examined [18]. Both A. americanum and D. vari-
abilis were identified on horses in Kentucky examined
May through August of 2008 [19]. Some ticks known to
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infest horses in North America, such as I. scapularis and
D. albipictus, are active in the fall and winter, when few
surveys are reported [1, 20]. To determine attachment
site preferences of common equine ticks in North Amer-
ica, and to confirm the diversity and seasonal activity of
ticks infesting horses in central Oklahoma, we examined
horses on eight premises twice a month over the course
of 12 months and collected and identified their ticks.

Methods

Premises with horses were selected for participation
based on the presence of a number of resident horses
on-site; expected exposure to habitat with ticks was not
considered. Horses were only enrolled if they resided on
the premises, did not travel out of their county of resi-
dence, and were >1 year of age at time of enrollment.
All protocols were approved by the Institutional Animal
Care and Use Committee at Oklahoma State University
and permission to examine horses obtained through
approved owner consent forms. Acaricide use was not
specifically restricted or encouraged during the study,
and owner acaricide practices were not recorded. Horses
were examined for a full calendar year (12 months) from
September 2019 through March 2021; horses continued
to be enrolled as the study progressed, and tick exams
were performed twice a month at each location for a full
calendar year.

A total of 88 horses (26 males, 62 females) from eight
different ranches in three counties in Oklahoma (Payne,
Pawnee, Logan) were enrolled in the study, with ages
ranging from 1 to 23 years (mean=12, 95% CI 11-13).
Several horses were sold or relocated in the course of
the 1-year study; 54 horses were examined for a full
12 months, and 34 horses were examined 1-20 times for
a total of 1661 equine tick examinations.

Horses were systematically examined beginning at the
head and moving caudally to the tail, with an examiner
positioned on either side of the horse. Once the dorsum
and perianal regions were thoroughly scanned, the exam
continued distally along the chest and forelegs, cau-
dally along the axillary, ventral, and inguinal area, and
ended moving along the distal hind legs [3]. Since horses
were not sedated, exams did not include looking in ear
canals. All stages of ticks were collected; when ticks
were found, attachment site was recorded on a biopsy
chart, ticks were removed, placed in snap cap vials, and
labeled by horse and attachment site. Ticks were stored
in 70% ethanol and identified to species and stage using
standard morphological keys [20-26]. When necessary,
morphologic identification was confirmed by 165 rRNA
gene sequence as previously described [15]. For data
analysis, attachment sites were divided into seven body
regions, namely head (1); neck (2); chest, axillary region,
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and cranial abdomen (3A); caudal abdomen and inguinal
region (3B); legs (4); dorsal back (5); and tail and perianal
region (6). Descriptive statistics [mean, range, propor-
tion, and 95% confidence intervals (CI)] were calculated
with Microsoft Excel (Microsoft Office Professional Plus
2016). Fisher’s exact test or Chi-square tests with a signif-
icance of alpha=0.05 were used to compare age class and
sex of infested horses, seasonality of infestation, and tick
attachment site preferences, including ventral and dorsal,
left and right, and body region.

Results

Ticks collected from horses

A total of 2731 ticks were collected. Over the entirety of
the study, 84.1% of the horses (74/88; 95% CI 74.8-91.0%)
were infested with ticks at one or more examinations
(median =3 ticks), consisting of 45.2% (1233/2731; 95%
CI 43.3-47%) female ticks; 38.4% (1049/2731; 95% CI
37-40%) male ticks; 10.2% (279/2731; 95% CI 9.1-11.4%)
nymphs; and 6.2% (170/2731; 95% CI 5.3-7.1%) larvae.
Sex and age class of horses did not significantly influ-
ence tick infestation (Fisher’s exact test: P=0.5426 and
P=0.6331, respectively).

The tick species identified were A. americanum (78.2%;
2136/2731; 95% CI 76.7-79.8%), L scapularis (18.2%;
497/2731; 95% CI 16.8-19.7%), D. albipictus (2.6%;
70/2731; 95% CI 2-3.2%), D. variabilis (0.7%; 20/2731;
95% CI 0.5-1.1%), and A. maculatum (0.3%; 7/2731;
95% CI 0.1-0.5%). A majority of ticks collected (83.6%;
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2282/2731; 95% CI 82.2—-85%) were adults, but nymphs of
A. americanum (12.5%; 266/2136; 95% CI 11-13.9%), D.
albipictus (16.9%; 12/71; 95% CI 9.1-27.7%), and A. mac-
ulatum (14.3%; 1/7; 95% CI 0.36—57.9%) were also iden-
tified. Amblyomma americanum (8%; 170/2136; 95% CI
6.9-9.2%) were the only larval ticks collected (Table 1).

Attachment site preferences

The attachment site differed between tick species col-
lected. Amblyomma americanum adults were most
often found in the inguinal area (Chi-square test:
x*=3372.28, df=1, P<0.0001), while nymphs were
most commonly seen on the neck and chest (neck Chi-
square test: y>*=16.174, df=1, P<0.0001; chest Chi-
square test: y>=14.80, df=1, P<0.0001) and larvae were
most common on the neck and legs (neck Chi-square
test: y>=57.76, df=1, P<0.0001; legs Chi-square test:
X’'=26.94, df=1, P<0.0001). Ixodes scapularis adults,
the only stage of this species recovered from horses, and
adults of D. albipictus were most commonly found on the
chest and axillary region (I scapularis: chest Chi-square
test: x’=561.48, df=1, P<0.0001; axillary Chi-square
test: x> =23.62, df=1, P<0.0001 and D. albipictus: chest
Chi-square test: y*=16.13, df=1, P<0.0001; axillary
Chi-square test: y>*=15.53, df=1, P<0.0001); D. albipic-
tus nymphs were also most common on the chest region
(Chi-square test: y>=12.480, df=1, P=0.0004) (Fig. 1).
Dermacentor albipictus was more commonly identi-
fied on the left side (Chi-square test: y*=5.085, df=1,

Table 1 Ticks collected from horses in northeastern Oklahoma by species, stage, and month of collection

Species Stage Total Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Amblyomma americanum F 794 0 0 34 186 255 190 81 45 1 0 2 0
M 906 0 2 31 289 304 198 56 24 0 2 0 0
N 266 0 0 1 20 68 57 5 41 73 1 0 0
L 170 0 0 0 0 0 3 0 154 9 2 2 0
Dermacentor albipictus F 52 5 2 0 1 0 0 0 0 0 0 16 28
M 7 2 0 0 0 0 0 0 0 0 0 1 4
N 12 0 0 0 0 0 0 0 0 0 0 9 3
L 0 0 0 0 0 0 0 0 0 0 0 0 0
Ixodes scapularis F 371 14 4 21 9 3 0 0 0 0 69 226 25
M 126 2 0 4 0 0 0 0 0 0 16 97 7
N 0 0 0 0 0 0 0 0 0 0 0 0 0
L 0 0 0 0 0 0 0 0 0 0 0 0 0
Other? F 16 0 0 0 1 3 9 2 1 0 0 0 0
M 10 0 0 0 0 5 2 2 1 0 0 0 0
N 1 0 0 0 1 0 0 0 0 0 0 0 0
L 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 2731 23 8 91 507 638 459 146 266 83 90 353 67

F female, M male, N nymph, L larva
2 Other ticks collected from horses included A. maculatum and D. variabilis
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Fig. 1 Attachment site preferences of Amblyomma americanum, Ixodes scapularis, and Dermacentor albipictus (brown variant) on horses

inguinal (3B)

P=0.024). Although ticks were more numerous on the
left side, significant attachment side preferences (left
versus right) were not evident for A. americanum (Chi-
square test: y>=3.303, df=1, P=0.069) or I. scapularis
(Chi-square test: y*=0.050, df=1, P=0.823). All three
species with adequate numbers for evaluation [A. ameri-
canum (Chi-square test: y*=1274.58, df=1, P<0.0001),
I. scapularis (Chi-square test: y* =384.24, df=1, P<0.000
1), and D. albipictus (Ch-square test: y>*=59.51, df=1,
P<0.0001)] were significantly more likely to be attached
ventrally.

Seasonality of tick infestations

In fall, winter, and early spring (October 2019—March
2020; October 2020-March 2021), 633 ticks were col-
lected, with 62.5% (55/88; 95% CI 51.5-72.6%) of the
study population infested (median=2 ticks) at one or
more examinations. Tick species found during these
cooler months included I scapularis (76.8%; 486/633;
95% CI 73.3-80%), D. albipictus brown variant (11.1%;
70/633; 95% CI 8.7—-13.8%), and A. americanum (12.2%;
771633; 95% CI 9.7-15%) (Table 1, Fig. 2).

In the warmer months (April-September 2020), 2098
ticks were collected, with 72.7% (64/88; 95% CI 62.2—
81.7%) of the study population infested (median = 3 ticks)
at one or more examinations. Tick species found during
these warmer months included A. americanum (98.2%;
2060/2098; 95% CI 97.6-98.8%), D. variabilis (1.0%;
20/2098; 95% CI 0.6-1.5%), and A. maculatum (0.3%;
7/2098 95% CI 0.1-0.7%) (Table 1, Fig. 2). Significantly
more ticks (P<0.0001; X?>=785.9) were collected from

horses in the warmer months (2098/2731; 76.8%; 95% CI
75.2—78.4%) than in the cooler months (633/2731; 23.2%;
95% CI 21.6—24.8%), but the prevalence of infestation did
not differ between the two time periods (Chi-square test:
X?=1.661, df=1, P=0.1973).

Discussion

The present research confirms that, as reported for other
hosts, attachment site of ticks on horses varies by tick
species. This phenomenon is well recognized for Oto-
bius megnini, a soft tick commonly found in the external
ear canal of horses in the western USA, but less estab-
lished for common ixodid species [27]. The finding in the
present study that I. scapularis adults commonly attach
to the chest of horses agrees with previously reported
findings for horses in Maryland in the eastern USA [1].
In contrast, A. americanum was most frequently found
in the inguinal region, similar to data from dogs and
cats, confirming this species prefers to attach ventrally,
and humans, where a majority of A. americanum attach
below the waist [15, 28, 29]. A significant preference for
the left side, as has been documented in white-tailed
deer, was not evident in our A. americanum equine data
[16]. However, the present study did document a left side
bias for D. albipictus attachment, which has not, to our
knowledge, been previously reported [30]. The basis for
these attachment site preferences is not well understood
but may involve differences in host-seeking strategies.
Amblyomma americanum is more likely to aggressively
move towards hosts along a carbon dioxide or phero-
mone gradient, emerging from the leaf litter to climb
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the legs and attach ventrally [27, 31]. In contrast, other
tick species (e.g. Dermacentor spp., Ixodes spp.) employ a
more passive questing strategy, climbing vegetation and
waiting for a host to brush past [27, 32]. Together, these
data and other studies indicate that ticks may be found
on several regions of horses, supporting the need for
complete external parasite examination when attempting
to accurately characterize equine tick infestations [1, 17].

Similar to earlier reports from examining horses at cer-
tain times of the year, the most common tick species to
infest horses in this region of North America, as in most
of the eastern United States, are A. americanum, 1. scapu-
laris, and Dermacentor spp. [1, 3]. The predominance of
A. americanum in the present study reflects the location
of the study site in the southern USA where this tick is
common [3, 33]. Similarly, the brown variant of D. albi-
pictus (formerly referred to as D. nigrolineatus) and not
the ornately patterned variety, is more commonly recov-
ered from horses in this region although both variants
have been reported [34]. Ixodes scapularis is also a fre-
quent parasite of horses although only adult 1. scapularis
are routinely found on mammals in the southern USA [1,
35, 36]. Both D. variabilis and A. maculatum were rela-
tively rare on horses in the present study, accounting for
less than 1% of all ticks recovered, a finding likely due to
the limited number of equine premises visited.

The data from the present study confirm that ticks
infest horses year-round, including in the winter months
(Table 1). To our knowledge, this is the first study con-
firming tick infestations on horses every month of the
year in North America. As is seen in infestations in other

domestic animals, the seasonality of equine infestations
corresponds with established phenology for each tick
species in the region, with A. americanum adults found
in highest numbers on horses in the spring and summer,
immature A. americanum most common in August and
September, and both D. albipictus and I. scapularis pre-
dominating in the cooler fall and winter months [27, 28,
33]. Although a previous study suggested that both D.
variabilis and A. maculatum are also commonly found
on horses in the summer, the present study did not
recover adequate numbers of either species to confirm
this finding [3]. Seasonal differences in timing of peak
activity between tick species leads to waxing and wan-
ing intensity of infestations, but tick populations do not
entirely disappear, resulting in a year-round risk.

The findings from the present study have some limi-
tations. Although occasionally identified in the region,
O. megnini was not recovered from any horse, likely
because this species is found in the external ear canal,
and we did not sedate horses for thorough ear exami-
nation [27]. The low numbers of A. maculatum and
D. variabilis recovered were surprising but may be due
to the limited number of premises with horses enrolled
(n=38) or year-to-year fluctuations in tick populations
related to precipitation or other factors [37]. Habitat
may also have influenced the findings; both A. america-
num and I. scapularis prefer wooded habitat with dense
understory, whereas D. variabilis and A. maculatum
are more commonly found in open areas, overgrown
fields, or meadows [27]. In areas where Lyme disease is
endemic or emerging, horses in pastures with oak trees
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are significantly more likely to be seropositive for B. burg-
dorferi [5]. Tick control practices were not recorded for
the horses surveyed in the present study and likely varied
between premises, but ticks were still commonly found
(Table 1). Although attachment site preferences for the
species considered are broadly applicable, additional
research is warranted to fully appreciate the risk all tick
species in North America pose to equine health. As with
small animals, horses may benefit from year-round tick
control. Unfortunately, available options for equine tick
control are limited, require frequent re-application, and
may have safety concerns, suggesting tick infestations
will continue to be a challenge for horse owners.
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