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Ixodes scapularis: Vector to an Increasing Diversity
of Human Pathogens in the Upper Midwest

Matthew J. Wolf, MS; Hannah R. Watkins, BS; William R. Schwan, PhD

ABSTRACT

Introduction: The black-legged tick, Ixodes scapularis (I scapularis), is now recognized as

the deadliest tick vector in the United States. The Upper Midwest, particularly Wisconsin and
Minnesota, are endemic to a diversity of tick-transmitted infectious diseases. Although Borrelia
burgdorferi, the agent of Lyme disease, still accounts for the majority of diagnosed infections, /
scapularis is known to transmit other bacterial, viral, and parasitic agents.

Objective: To provide an overview of the array of pathogenic microorganisms carried by / scapu-
laris ticks in the Upper Midwest.

Methods: A literature review was conducted to collect and analyze current information about
I scapularis lifestyle, transmission, microorganisms carried by the arthropod vector, and the dis-

in the United States.? Besides B burgdorferi,
I scapularis also can transmit Anaplasma
phagocytophilum (human granulocytic ana-
plasmosis), Borrelia miyamotoi (B miyamo-
toi disease), Borrelia mayonii (Lyme dis-
ease), Babesia microti (babesiosis), Ebrlichia
muris subsp eauclairensis (chrlichiosis),
and Powassan virus/deer tick virus (viral
encephalitis).3-5

Human disease caused by [ scapularis-

transmitted pathogens correlates with vec-

eases that occur as a result of infections with these microorganisms in the Upper Midwest.

Results: Diagnosis of co-infection from tick-borne zoonosis in humans has increased over the last
2 decades. Since / scapularis can transmit multiple pathogens, it is clinically important because
different diagnostic testing and treatment strategies may need to be implemented for a patient

with / scapularis-borne infection(s).

Conclusions: This review has concentrated on / scapularis-transmitted diseases affecting the
Upper Midwest and has explored the ecology of the / scapularis vector and its role in pathogen

transmission.

INTRODUCTION

In 1982, the black-legged tick, Ixodes scapularis (I scapularis) was
recognized as the vector for transmission of Borrelia burgdorferi
(B burgdorferi), the causative agent of Lyme disease.! Lyme dis-
ease is the most frequently reported vector-borne infection in the
United States, with more than 300,000 estimated cases occurring
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tor abundance and pathogen endemicity.
Vector transmission is spreading beyond
known endemic areas due to climate change
and the dispersion from source populations
by hosts.67 Pathogen hosts acquire, main-
tain, and transmit pathogens, spreading
them to naive and already infected tick
populations.8 The growing prevalence of
host co-infection in endemic areas allows
for black-legged tick-based transmission of
multiple pathogens to susceptible populations. The risk of human
infection with 7 scapularis-borne pathogens depends on complex
factors, including the tick distribution in an ecosystem, reforesta-
tion, the attachment time of ticks on humans, and the prevalence

of pathogens in ticks and reservoir hosts.6:89

DISTRIBUTION OF / SCAPULARIS

[ scapularis is endemic to parts of the Midwest, Northeast, West,
Southeast, and Southern United States, and its distribution is
correlated with complex ecological factors. The availability of
mammalian hosts, landscape, vegetation, and climate indices are
all linked to where the vector can survive and thrive. The most
important host for black-legged tick survival and reproduction is

the white-tailed deer (Odocoileus virginianus). Approximately 50%
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to 95% of the adult female ticks feed on
white-tailed deer.910 Deer are the primary Figure. Stages of Tick Development and Pathogen Transfer
host of mating ticks, supporting high pop- Transovarial Transmission
ulations of black-legged ticks.10 » Bmicroti
Although white-tailed deer can be hosts, Eggs gorwgg:::%eer Tick Virus Adult
the majority of larvae and nymphs feed on 1000-3,000 |t % %ﬁ
small vertebrate mammals. The most abun- eggs hatch %) A~ | 2nd Year
dant and important host for all / scapularis- Male  Female \
acquired pathogens is the white-footed S5mm  >5mm )
mouse, Peromyscus leucopus (P leucopus).t Ist
While P leucopus eradication efforts have Year Pathogen ‘ﬂ :atEOQGn
led to decreased vector abundance, mouse Exchange , i \\xc ange Homo
populations are not linked to I scapularis o0 | Peromyscusleucopus |~ u / sapiens
survival in all habitats.12.13 Larvae Main Pathogen Reservoir S Nymph Most common
An abundance of size-appropriate ver- e > %’ stage of patho-
tebrate mammals is a critical factor in <Tmm Transstadial Transmission <2 mm ?;E::gier
establishing a tick population, but an ggﬁfﬂ;ﬁen ond Year
appropriate landscape and vegetation also - A Phagocytophilum
are needed for survival. Since the late 19th » Efrlichia muris eauclairensis
century, repurposing of landscapes from

farmland to forest led to more land suitable
for black-legged tick establishment.!3 These second-growth forests
(forests re-grown after a timber harvest) have created appropri-
ate “edge” habitats for black-legged ticks and hosts, resulting in
increased tick populations.!® The type of forest associated with /
scapularis can vary; however, second-growth forests are the most
suitable for black-legged ticks. Leaf litter maintains moisture while
providing cover that is important for / scapularis survival. Black-
legged tick populations can be reduced 72% to 100% by removal
of leaf litter.1® During active life stages, / scapularis is most abun-
dant in woods but also can be found in shaded areas of lawn.
Black-legged ticks do not survive in strictly agricultural cropland,
and the repurposing of even small tracts of farmland to deciduous
forest can foster / scapularis proliferation and maintain a transmis-
sion cycle of pathogens. 4

Besides the landscape, climate factors—particularly high rela-
tive humidity—can increase / scapularis survival. Moisture avail-
ability, specifically > 82% relative humidity in leaf litter, increases /
scapularis activity and abundance and is a limiting factor to survival
if the leaf litter cannot retain enough moisture.!> Temperature is
also important in areas with 7 scapularis. As climate change trends
warmer, higher temperatures would allow immature black-legged
tick larvae more opportunities for feeding and increase the prob-
ability of becoming a mating adult in regions once inhospitable

for black-legged ticks.16

LIFE CYCLE OF  SCAPULARIS

1 scapularis has a 2-year life cycle and is a 3-host tick, taking a blood
meal from different size-appropriate hosts to transition from larva
to nymph and nymph to adult life stages (Figure). This feeding

allows ticks to acquire and transmit pathogens between a variety of
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hosts, increasing the opportunities for transmission and pathogen
maintenance.!” Larvae feed in the summer after hatching, nymphs
feed in the late spring or summer of the second year, and adults
feed in the fall. Larvae and nymph-stage ticks are known to feed
on small animals and become infected by larvae and nymphs.1217

P leucopus is the main reservoir host of all 7 scapularis pathogens
in the environment.!:12 Mice can become infected from larvae or
nymphs, depending on the pathogen transmitted (Figure). For
example, B burgdorferi passes only transstadially and not trans-
ovarially in tick vectors. Transstadially transmitted pathogens can
pass from the larval to the adult stage, while transovarially trans-
mitted pathogens can pass from the adult female to the eggs. P
leucopus has bacteremia without symptomatic infection, allowing
for efficient and sustainable transmission of pathogens to Ixodes
vectors.!1

Nymphs are the most infectious vector stage to humans as they
are more likely to carry pathogens and less likely to be observed
than adults. Adule ticks feed on white-tailed deer or other large
mammalian hosts, including humans. Deer and humans are dead-
end hosts because the microbes are not further transmitted. While
deer are dead-end hosts, they allow increased distribution and sur-
vival of black-legged ticks.10.18

Nymphs molt into adults during the fall of the second year
after which their sex can be first differentiated. 7 scapularis are
hard-bodied and adults are dark brown to black in color. At the
adult stage, the female body becomes orange-red as opposed to the
larger grey to black color of the male. Once they become adults,
males may attach to deer secking female mates. Only female

ticks take significant blood meals—mainly from white-tailed
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Table. Symptoms, Diagnosis, and Treatment of /xodes scapularis Tick-borne Diseases

respectively. B miyamotoi is transmit-

ted in approximately 24 hours,2> whereas

Ehrlichia muris
subsp eauclairensis

Fever, fatigue, headache,
malaise, nausea, vomiting
Babesia microti Malaise, myalgia, fatigue,
fever

Powassan virus/Deer
Tick virus

Fever, lethargy, rash, myalgia,

stiff neck, headache and pain management

Organism Symptoms Treatment
Borrelia burgdorferi Myalgia, arthralgia, fever 100 mg doxycycline 2 times/day for 10-21 days
or aoxicillin 3 times/day for 10-21 days if
doxycycline is contraindicated
Borrelia miyamotoi Myalgia, arthralgia, chills, 100 mg doxycycline 2 times/day for 10-21 days
headache, high fever
(potentially relapsing)
Borrelia mayonii Myalgia, arthralgia, high 100 mg doxycycline 2 times/day for 10-21 days
fever, headache
Anaplasma Myalgia, fever, arthralgia, 100 mg doxycycline 2 times/day for 10-21 days
phagocytophilum headache

100 mg doxycycline 2 times/day for 10-21 days

Combination of atovaquone plus azithromycin or
clindamycin plus quinine for 7-10 days

Supportive care including hydration therapy

POWV/DTYV can transfer in as little as 15
minutes.3® B mayonii transmission times
are similar to B burgdorferi. Little research
has been done on transmission times for
E muris ssp eauclairensi (EME) bacteria.
Acquisition and transmission of pathogens
does not seem to be affected by the preva-
lence of multiple pathogens.20 Co-infection
of I scapularis-transmitted pathogens in
humans is becoming a prominent clinical
concern, making the symptoms, diagnos-
tics, and treatment of each pathogen infec-
tion critical.

B burgdorferi (Lyme Disease)

Abbreviation: subsp, subspecies.

Lyme disease was first recognized in 1975

deer—acquiring and transmitting disease. Reproduction between
adult male and female ticks occurs on white-tailed deer or in veg-
etation.!019 Male black-legged ticks die after copulation. Females
release 1000 to 3000 eggs in the leaf litter, typically in late May,

and die soon afterwards.10

ACQUISITION AND TRANSMISSION OF PATHOGENS
BY I SCAPULARIS
The small size of black-legged tick nymphs, the potential to carry
pathogens, and the ability to feed on larger hosts, make nymphs
the most probable tick life cycle stage for pathogen transmission
to humans.17.19 Nymphs and adults use their front legs to attach
to a host. After attachment, the tick finds a feeding spot and takes
a blood meal. Pathogen acquisition and transmission is due to
saliva transfer and gut regurgitation. Ticks can acquire and trans-
mit pathogens consecutively or simultaneously over the course of
their lives.20

Adult  scapularis ticks have the highest level of multiple patho-
gen infections, in part because they feed on 2 hosts.2! Coprevalence
of 2 or more pathogens was observed in 26% of black-legged
ticks from Westchester, New York.22 Pathogen carriage by ticks
in the Upper Midwest includes B burgdorferi as the most com-
mon (26%), followed by A phagocytophilum (8.9%), B miyamotoi
(7.1%), B microti (5%), and Powassan/deer tick virus (POWV/
DTV) 2.9%).23-26

Pathogen transmission from tick to host depends on the
microbe, the tick attachment time, and the tick’s infectious sta-
tus. Infection risk after a single tick bite is low (1.3%-3.0%), even
in endemic areas.?’ In animal models, B burgdorferi transmission
exponentially increased after 72 hours, correlating with an 18%
to 25% incidence of Lyme disease.?” Transmission of A phagocy-
tophilum and B microti take 12 to 24 hours and 36 to 48 hours,28

in Lyme, Connecticut. William Burgdorfer
isolated and linked the etiological agent, named B burgdorferi, to 1
scapularis ticks.! Lyme disease is the most common black-legged tick-
associated illness.2 Around 70% to 80% of patients will exhibit a
“bulls-eye” pattern rash—known as erythema chronicum migrans—
about 7 days post-exposure (Table).3! Fever, headaches, myalgia, stiff
neck, arthralgia, and lymphadenopathy are often seen during early
infection.2831 The bacteria may also spread to regional lymph nodes,
the brain, and the heart.32 In the last stage of Lyme disease, the spi-
rochetes can penetrate tight joint spaces, causing arthritis in about

10% of patients.32

B miyamotoi Disease

Another tickborne Borrelia pathogen is B miyamotoi. The first US
patient infected was identified in 2013. The organism has been
isolated from numerous Ixodes tick species in North America.3
Infection rates vary greatly in the United States by region and
locality, with a ~12% prevalence of B miyamotoi from ticks in
Indiana and a 0% to 6.8% prevalence on the East Coast.34 Unlike
B burgdorferi, this pathogen is able to pass transovarially in the
tick (Figure).

Patients with B miyamotoi disease have muscle aches, fever,
and headache similar to tick-borne relapsing fever symptoms, but
Lyme disease symptoms including erythema migrans, facial palsy,
and arthritis are uncommon.3 B miyamotoi is part of the relapsing
fever group of Borrelia (unlike B burgdorferi), with multiple cycles
of high fever, chills, marked headache, and myalgia or arthralgia.
Blood tests will show elevated liver enzyme levels, neutropenia,

and thrombocytopenia indicative of a shock-like condition.

Borrelia mayonii Disease

Borrelia mayonii is the most recent tick-borne pathogen identi-
fied in the Upper Midwest regions of the United States, remain-
ing centered in Wisconsin and Minnesota.>3¢ Eventual identifi-
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cation occurred in 2016 after irregular polymerase chain reaction
results were seen from blood and synovial fluid samples at the
Mayo Clinic in Rochester, Minnesota.3” Of 100,545 clinical
samples tested during 2003-2014, six specimens received after
2012 yielded melting temperature results outside normal lim-
its for other Borrelia species. Furthermore, the species was not
detected in specimens tested from states in the Northeast. B
mayonii was found to have 93.83% sequence homology to B
burgdorferi.3s

The newly identified species is transmitted by / scapularis ticks,
eliciting a Lyme-like borreliosis in humans.38 Some studies have
confirmed that white-footed mice and the American red squir-
rel serve as B mayonii hosts.34° Given the absence of B mayonii
disease in the Northeast, where equally suitable tick vectors and
potential reservoirs are abundant,3640 other factors besides tick
vectors and animal reservoirs may be in play.

B mayonii infected patients have unique manifestations of dis-
ease compared to traditional Lyme disease.>3 B mayonii causes
1 to 3 cases of Lyme-like disease within Minnesota per year.3041
Clinical presentation in infected patients is largely congruent
with Lyme disease: myalgia, headache, arthralgia, neck pain, and
fatigue (Table).38 The familiar “bulls-eye” erythema migrans rash
is sometimes associated with B mayonii disease, but more fre-
quently there is a diffuse unconventional rash over a wider area.>37
B mayonii infections may be differentiated based on acute onset
unusually high fever, as well as nausea and vomiting not seen in
other Borrelia-induced illness.41 Markers such as thrombocytope-
nia, lymphopenia, and increased levels of hepatic enzymes also

have been seen.30

A phagocytophilum (Human Granulocytic Anaplasmosis)
A phagocyrophilum causes human granulocytic anaplasmosis, first
identified in Minnesota and Wisconsin. In Wisconsin, seroepide-
miological data suggest that 15% of the population was infected.®2
Human granulocytic anaplasmosis (HGA) causes disease mainly in
older patients (median age 50-60 years).43 The case-fatality rate of
HGA is <1% in the United States. Human granulocytic anaplas-
mosis cases have increased every year. According to the Centers for
Disease Control and Prevention, there were 1,761 cases of HGA
in the United States in 2010.43 Originally, A phagocytophilum was
named the human granulocytic ehrlichiosis (HGE) agent. The
formerly named HGE agent, along with the ruminant and equine
pathogens, E phagocytophila and E equi, are now called A phagocy-
tophilum.42 A phagocytophilum invades granulocytes, mainly neu-
trophils, creating vacuoles of replicating bacteria called morulae.44
Humans infected with A phagocytophilum display fever (89%),
headache (82%), and fatigue (84%). (See Table.) Myalgia, chills,
and shaking are also common symptoms. Nausea, arthralgia, vom-
iting, abdominal pain, and cough are less common symptoms of
HGA. Severe symptoms may include hemorrhage, renal failure, or

neurologic problems.45

Ehrlichia muris eauclairensis (Ehrlichiosis)

Until recently, only E chaffeensis and E ewingii were thought to
cause ehrlichiosis in humans in the United States. In 2009, a
novel pathogen was recognized in patients from Wisconsin and
Minnesota. Genetic analyses revealed that this new Ebrlichia spe-
cies is closely related to £ muris. Formerly called Ebrlichia muris-
like, EME infection produces symptoms closely resembling those
observed in A phagocytophilum and E chaffeensis infections. Males
are infected more often than females (1.7 to 1), and the average
patient age is 61 years. In 2014, there were 12 confirmed cases
of EME in Wisconsin, bringing the total to 39 confirmed cases
in Wisconsin since 2009.46 [ scapularis ticks found in Minnesota
and Wisconsin appear to be the only vector, since ticks from other
states were negative.

The most common symptoms of EME infection include
fever, malaise, fatigue, headache, nausea, and vomiting (Table). A
rash is not commonly reported with EME infections compared
to E chaffeensis infections. Clinical laboratory findings in patients
include increased liver enzyme levels, thrombocytopenia, and

reduced numbers of lymphocytes.4”

Babesia microti (Babesiosis)

The apicomplexan parasite B microti is an emerging zoo-
notic intraerythrocytic organism of humans. The majority of
cases (97%) come from 5 Northeastern states, Minnesota, and
Wisconsin. Of 1,762 reported cases in 2013, 57% of patients
were 60 years or older.#> Human disease is usually self-limiting,
and most patients recover without treatment. Immunosuppressed
(especially asplenic) patients, as well as patients with co-infection,
are at risk for symptomatic disease. The mortality rate for clini-
cally apparent infections is 5% in the United States.4 Babesia spe-
cies may be transmitted transovarially, as well as transstadially in
the tick (Figure).

Human babesiosis has a broad spectrum of symptoms depen-
dent on the level of parasitemia. Low level parasitemia is more
typical and often self-limiting. However, a high level of parasit-
emia may lead to a fulminating malaria-like infection character-
ized by malaise, chills, myalgia, anemia, fatigue, and fever that is

more often observed in asplenic patients (Table).4

Powassan/Deer Tick Virus (Viral Encephalitis)

Deer tick virus, a variant of Powassan virus, is a positive-sense
RNA Flavivirus. The name deer tick virus (DTV) has been estab-
lished recently to differentiate this distinct Powassan virus lineage
found only in 7 scapularis from the prototypical Powassan virus
lineage found in 7 cookei, also known as the ground hog tick.48
Genetic sequencing can separate the 2 lineages. Disease caused
by this arbovirus is very rare but is often fatal in those who are
symptomatic. Currently, there has been only 1 case of sequence-
confirmed DTV in Minnesota. Wisconsin has had 3 cases of con-

firmed POWV/DTYV, in 2003, 2006, and 2007, respectively.%
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APOWV/DTV infection may include a fever with headache,
myalgia, arthralgia, and possible accompaniment of skin rash,
lymphadenopathy, or central nervous system disease (meningitis
or encephalitis) (Table). Severe symptoms that begin 8 to 34 days
after POWV/DTYV infection include respiratory distress, trem-
ors, seizures, paralysis, and coma.48 Most symptomatic patients

with POWV/DTYV infection develop meningoencephalitis.50

TREATMENT OF BLACK-LEGGED TICKBORNE DISEASES

Patients with Lyme disease, B mayonii disease, anaplasmosis or
chrlichiosis are typically treated with 100 mg of doxycycline twice
a day for 10 to 21 days (Table).43 Babesiosis is treated with a com-
bination of atovaquone plus azithromycin or clindamycin plus

quinine for 7 to 10 days, and supportive care with hydration is

used for POWV/DTYV infections.

CONCLUSION

Multiple tick-borne infections from the tick vector / scapularis are
endemic in the Upper Midwest and can present as undifferen-
tiated febrile illness. Age, immunocompetence, and co-infection
play important roles in disease severity. Patients with underlying
medical conditions that require immunosuppressive medication
have an increased likelihood of opportunistic and novel infec-
tion that can be lethal. The diversity of pathogens carried by /
scapularis found in the Upper Midwest makes it imperative that a

proper diagnosis followed by treatment is carried out.
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