- LYME DISEASE

A Tick-Associated Disease Originally Described
in Europe, but Named After a Town in Connecticut

Jou~ E. ANDERsON AND Louis A. MAGNARELLI

TTLE DID GERMAN PHYSICIAN ALFRED BUCH-
wald realize in 1883, when he described
a chronic inflammation of the skin, that his
observation would be the first among hun-
dreds providing information on a serious glo-
bal illness. Now known as Lyme disease or
Lyme borreliosis, this human and veterinary
disease is caused by a spirochete that is trans-
ferred from animals to humans by the bite of
a hard-bodied tick. Although considered to
be a newly recognized illness in the United
States, Lyme disease or related maladies have
been known in Europe for more than a centu-
ry. This illness is currently the most common-
ly reported arthropod-associated disease in
the United States.

In this article, we review highlights of the
history of the clinical diagnosis of Lyme bor-
reliosis and related diseases, the milestones
leading to the discovery of the etiologic agent,
Borrelia burgdorferi, as well as the natural
history of this bacterium and its tick vectors in
the United States.

Lyme Disease and Related Disorders

Acrodermatitis Chronica Atrophicans. Al-
though B. burgdorferi remained unknown
until 1981, clinical features of one of these ill-
nesses had been described in Germany in
1883 by Buchwald as a tissue-paper-like atro-
phy of the skin in Vierteljahresschrift fiir Der-
matologie und Syphilis. In 1902, in Archiv fiir
Dermatologie und Syphilis, Karl Herxheimer
and Kuno Hartmann of the dermatologischen
Abtheilung des stadtischen Krankenhauses in
Frankfurt, Germany, further characterized
the illness and called it acrodermatitis chron-
ica atrophicans. Although relatively common
in Europe, the illness is rare in the United
States. The disease was first reported in a pa-
tient in the United States in 1898 and in others
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until 1945, but all were emigrants from Eu-
rope and presumably had acquired infections
there. A couple of indigenous cases were re-
ported in the 1980s.

Erythema Migrans. A centrifugally annu-
lar erythema, now often heralded as the hall-
mark of Lyme disease, was first described and
named erythema migrans by Swedish derma-
tologist Arvid Afzelius when he reported to
the Dermatologischen Gesellschaft in Stock-
holm in October, 1909, that an elderly wom-
an had an erythema of the skin following a
bite from anlxodes reduvius (L) (=Ixodes rici-
nus [L]). His report was published in 1910 1n
Archiv fiir Dermatologie und Syphilis. The
Viennese physician Wilhelm Balban reported
three similar cases in an article entitled
“Erythema annulare, entstanden durch Insek-
tenstiche,” published also in Archiv fiir Der-
matologie und Syphilis in 1910 but did not
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(Top left) Acrodermatitis chronica
atrophicans. Note the violaceous
discoloration and atrophy of the
skin. (Courtesy of Yale Journal of
Biology and Medicine [Weber et
al. 1984].)

(Top right) Erythema migrans.
(Courtesy of Raven Press.
[Berger et al. 1983].)

(Bottom left) Borrelia lymphocy-
toma. Note reddish swelling of
earlobe. (Courtesy of Yale
Journal of Biology and Medicine.
[Weber et al. 1984].)

(Bottom right) Multiple secondary
erythema migrans lesions.
(Courtesy of Raven Press.
[Berger et al. 1983].)
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cite Afzelius’ article, and, in 1913, B. Lips-
chutz, also of Vienna, reported a similar case
in the same journal, but, without citing Afze-
lius or Balban, called the disease erythema
chronicum migrans.

Lipschutz’s designation of the disease as
erythema chronicum migrans was accepted
without challenge until 1930 when Sven
Hellerstrom of the dermato-syphilidolo-
gischen Klinik des Karolinischen Instituts,
Stockholm, Sweden, stated in Acta Dermato-
venereologica that Afzelius, not Lipschutz,
had the priority article. Lipschutz’s descrip-
tion, however, prevailed until recently when it
was realized that the disease is not always
chronic. Thereupon, in 1986, the Munich,
Germany, physician Klaus Weber proposed in
the Proceedings of the Second International
Symposium on Lyme disease and Related Dis-
orders, that the disease be known as erythema
migrans because there is “no reason to foster
a mistake any longer, especially since Afzelius
has provided us with a term which is shorter,
self-explanatory, and older.”

The first case of erythema migrans in a
native U.S. citizen was accurately diagnosed
and described in 1970 in Archives of Derma-
tology by dermatologist R. J. Scrimenti of
Milwaukee, WI. In 1976, in the Journal of the
American Medical Association, W, E. Mast
and W. M. Burrows, Jr., of the U.S. Navy, re-
ported four people in southeastern Connecti-
cut as also having erythema migrans.

Borrelia Lymphocytoma. A solitary cuta-
neous lesion, with follicles resembling those in
lymph nodes, is the third and least prevalent
Lyme-disease-like illness associated with skin.
This was first noted in 1911 by the Swiss
pathologist Jean Louis Burckhardt of the
Pathologisch-Anatomischen Institut, Basel, in
an article entitled “Zur Frage der Follikel-und
Keimzentrenbildung in der Haut”, published
in Frankfurter Zeitschrift fiir Pathologie.
More than 30 years later in 1943, Bo Bafver-
stedt of the Department of Dermatology of
the Sodersjukhuset in Stockholm termed
the condition lymphadenosis benigna cutis;
the disease is now also known as Borrelia
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lymphocytoma as reviewed by Klaus Weber in
the Yale Journal of Biology and Medicine in
1984 and Eva Asbrink in Supplementum 77
of theScandinavian Journal of Infectious Dis-
eases in 1991. It appears as a tumorlike, blu-
ish-red swelling that often is accompanied by
regional disorders of lymph nodes or lymph
vessels. The nodule is often in the ear lobe of
children and the areola area of the breasts of
adults.

Bannwarth’s Syndrome. Neurological dis-
ease following tick bite and an enlarging
erythema were first noted in a single case
report in 1922 by Garin and Bujadoux in Le
Journal de Medicine de Lyon. In 1930, Sven
Hellerstrom of Stockholm, unaware of the
earlier publication in France, independently
reported the connection between erythema
migrans and meningitis; and in 1941 and
1944, Alfred Bannwarth of Universitats-Ner-
venklinik in Munich, Germany, described
neurologic disease in 26 patients, noted the
chronic inflammatory central nervous system
changes, and described the disorder as chron-
ic lymphocytic meningitis with the clinical
syndrome of neuralgia or neuritis. Unaware
of the earlier reports from France and Swe-
den, Bannwarth missed the association of this
syndrome with erythema migrans and tick
bites, but other investigators often made the
association and referred to the condition as
tick-borne meningopolyneuritis, Bannwarth’s
syndrome, or syndrome of Garin-Bujadoux,
Bannwarth. This neurologic manifestation is
a syndrome within the clinical spectrum of
Lyme disease as reviewed by Rudolph Acker-
mann and colleagues of the Neurologic Uni-
versity Clinic of Cologne, Germany, in the
Yale Journal of Biology and Medicine in 1984,
and by two independent reviews in Supple-
mentum 77 of the Scandinavian Journal of
Infectious Diseases, 1991, by Wolfgang
Kristoferitsch of Vienna, Austria, and John J.
Halperin of the State University of New York
at Stony Brook.

Lyme Disease. A clustering of arthritic chil-
dren in southeastern Connecticut was report-
edin 1976 inArthritis and Rheumatismby A.
C. Steere, Stephen Malawista, and colleagues
of Yale University. They initially called this
syndrome Lyme arthritis and later changed the
name to Lyme disease after the towns of Old
Lyme and Lyme, where many of the children
lived. The Yale group described the major clin-
ical signs and symptoms of this complex dis-
ease and linked the illness to tick bites.

A multisystemic illness, Lyme disease is
known to affect tissues of skin, joint, nervous
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system, and heart of all age groups, but infec-
tion is usually not considered to be life threat-
ening. Progression of theillness is divided into
early and late infection. Early infection is sep-
arated into localized infection, characterized
by erythema migrans and sometimes regional
disorders of lymph nodes or lymph vessels,
and by disseminated infection. The spiro-
chetes may then migrate to many sites via the
bloodstream and lymphatic system. Charac-
teristic symptoms include secondary annular
lesions in the skin, migratory pain in joints,
Bell’s palsy, severe malaise, and fatigue.

According to Steere, now at Tufts Universi-
ty, up to 8% of the patients develop cardiac
problems several weeks after tick bite. Pa-
tients most commonly have atreoventricular
block, but others may develop acute inflam-
mation of muscle tissue and the enveloping
membrane, and mild left-ventricular dysfunc-
tion. Enlargement of the heart or fatal inflam-
mation of all layers of the heart are rare.

Considerable variation occurs in the clini-
cal expression of late infection. Patients may
experience fatigue, keratitis of the eyes, epi-
sodes of arthritis usually involving only one or
few large joints, acrodermatitis chronica atro-
phicans (rare in the United States), and syn-
dromes of both the central and peripheral
nervous systems.

Antibiotics such as oral tetracycline, doxy-
cycline, and amoxicillin are effective during
early disease. Ceftriaxone is commonly used
for neurologic abnormalities. Treatment for
late disease involving joints and neurologic
abnormalities has been more problematic,
and the response of patients often has been
slow, according to Steere.

Lyme disease has become the most preva-
lent arthropod-associated disease in the Unit-

A multisystemic iliness, Lyme disease is known to
affect tissues of skin, joint, nervous system, and

heart of all age groups, but infection is usually not
considered to be life threatening.

ed States. Robert Craven and David Dennis of
the Centers for Disease Control (CDC) re-
ported more than 40,000 cases from 1982 to
1991 and stated that 81% of all reported vec-
tor-borne illnesses from 1986 to 1990 were
caused by Lyme disease. All but the states of
Hawaii, New Mexico, and Montana reported

residents with Lyme disease in 1991, although
Alaska’s one case had been contracted else-

where. Disease incidence in 1991 was highest
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in Connecticut, New York, Rhode Island,
New Jersey, and Delaware where rartes per
100,000 population were 37.4, 18.8, 17.7,
10.9,2and 10.6%, respectively. In 1993, CDC
reported that Lyme disease accounted for
more than 90% of all vectorborne illnesses in
the United States in 1992 with a provisional
total of 9,677 cases.

Lyme disease is one of seven known human
spirochetal diseases. The others are pinta,

CDC reported more than 40,000 cases from 1982 td
1991 and stated that 81% of all reported vector-borne:

illnesses from 1986 to 1990 were caused by Lyme
disease. :

yaws, venereal syphilis, nonvenereal syphilis,
leptospirosis, and relapsing fever. There are
common disease features among these seven
illnesses as reviewed in 1989 by G. P. Schmid
of the CDC in Supplement 6 of Reviews of
Infectious Diseases. Three similarities among
the seven diseases include (1) spirochetal en-
try through the skin or mucous membranes,
(2) spirochetemia before or during onset of
clinical illness, and (3) dissemination of spiro-
chetes to various organs that is followed by
latent periods between subsequent stages of
disease.

The Etiologic Agent—A Spirochete

Spirochetes are slender, helically coiled,
motile, gram-negative bacteria possessing
periplasmic flagella. Those associated with
arthropods are currently known to be associ-
ated with two ecologically diverse groups: (1)
woodeating insects including a cockroach,
Cryptocercus punctulatus Scudder, and ter-
mites, and (2) bloodsucking arthropods,
namely soft and hard bodied ticks, and lice.
The medically important species are in the
genus Borrelia. Spirochetes causing relapsing
fever were discovered more than a century
before the etiologic agent of Lyme disease was
recognized.

Epidemic Relapsing Fever-Causing Spiro-
chete. Epidemic relapsing fever-causing or-
ganisms were the first Borrelia to be observed.
Placing his compound microscope on the bed
table beside patients acutely ill with relapsing
fever during an epidemicin Berlin in 1867 and
1868, a 25-year-old medical doctor by the
name of Otto Obermeier periodically drew
blood from his patients during the febrile
attack, immediately examined the blood
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microscopically, and observed myriads of liv-
ing and actively motile spirilla-like organisms
moving among the red blood cells. Rudolf
Virchow at Charite’ Krankenhaus in Berlin,
for whom Obermeier was an intern, prohibit-
ed him from publishing his observation until
he could infect laboratory animals. The epi-
demic crashed and Obermeier had to wait five
more years before he was to witness another
epidemic and again observe these insidious
motile, helical microbes in the blood of more
patients. This time, in 1873, Virchow encour-
aged Obermeter to report his findings to the
Berliner Medicinischer Geselkshaft. It was
during this second epidemic that this 30-year-
old physician tried to infect himself with blood
froma patient. Obermeier was unsuccessful in
causing infection with relapsing fever-ca using
spirochetes—probably because he drew blood
from a patient during the phase of the illness
when few, if any, infectious organisms were
present. However, he later was to try a similar,
but this time fatal, experiment with blood
from a patient ill with cholera. Two to three
weeks later he was to succumb to the infection.

The spirochete observed by Obermeier was
initially named Spirochaete recurrentis by H.
Leberrt of Breslav, Germany, in 1874, one year
after Obermeier’s article was published. The
following year, in 1875, Ferdinand Cohen in
Beitrige zur Biologie der Pflanzen designated
the spirochete after Obermeier and named it
Spirochaeta obermeieri, but recurrentis had
priority, and the species is known as Borrelia
recurrentis today. Later, the genus was named
for A. Borrel, a microbiologist at the Pasteur
Institute in Paris, by the Amsterdam microbi-
ologist M. Swellengrebel.

This spirochete was imported into the
United States about 1834 and caused epidem-
ics in people living on both coasts; including
residents of Philadelphia in 1844 and in Chi-
nese laborers in California in 1874. The spiro-
chete is transmitted among humans by body
lice, Pediculus humanus humanus L., as first
suggested by E. P. Mackie in 1907 in the Brit-
ish Medical Journal, and documented by
Charles Nicolle and colleagues in 1912 in
Comptes Rendus des Seances de L' Académie
des Sciences. Transmission to humans occurs
by contaminating abraded skin with hemo-
lymph from crushed lice. Epidemic relapsing
fever no longer occurs in the United States,
but it is present in parts of Europe, Asia, Afri-
ca, and South America.

Endemic Relapsing Fever-Causing Spiro-
chetes. The importance of borreliae in soft-
bodied ticks was initially demonstrated when
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E. Marchoux and A. Salimbeni fed soft-bod-
ied ticks on chickens and successfully infected
them with Borrelia anserina as they reported
in Annales de L'Institut Pasteur in 1903.
Thereupon, at least three articles appeared by
P. H. Ross and A. D. Milne in 1904 in the
British Medical Journal, by J. E. Dutton and
J. L. Todd in 1905 in The British Medical
Journal, and Robert Koch in 1905 in Deut-
sche Medizinische Wochenschrift reporting
on the association of relapsing fever-causing
borreliae in humans with bites from soft-
bodied ticks. Dutton died at Kosongo in Con-
go territory in Africa in 1905 from relapsing
fever at the age of 29 after accidentally infect-
ing himself during a postmortum examina-
tion. Todd also contracted the illness but
survived.

Endemic relapsing fever-causing borreliae
vectored by soft-bodied ticks are reported
from all continents except Australia. The first
focus in the United States was documented in
Coloradoin 1914, and many others have been
identified in western states in subsequent de-
cades. One or more borreliae causing this dis-
ease, namely B. turicatae, B. parkeri, and B.
hermsi, occur naturally from Texas, Oklaho-
ma, and Kansas, westward to California, and
northward into Washington, Idaho, and Brit-
ish Columbia, Canada. Humans can acquire
the infection while visiting caves, cabins, or
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animal shelters inhabited by infected Orni-
thodorus hermsi Wheeler, Herms and Meyer,
O. turicata (Duges), O. rudis Karsch, and O.
parkeri Cooley ticks. Transmission of spiro-
chetes to humans occurs via coxal fluid or
salivary secretions of the tick.

Lyme Disease-Causing Spirochetes. The
causative agent of Lyme disease remained elu-
sive until 1981 when Willy Burgdorfer of the
National Institute of Health, Rocky Moun-
tain Laboratories in Hamilton, MT, observed
spirochetes in adult Ixodes scapularis Say, the
black legged tick, from Shelter Island, NY.
(J- H. Oliver of Georgia Southern University
and colleagues documented in 1993 in the
Journal of Medical Entomology the con-
specificity of Ixodes scapularis and Ixodes
dammini Spielman, Clifford, Piesman, and
Corwin. Ixodes scapularis is the priority
name, though Andrew Spielman of Harvard
University contends that Ixodes dammini is a
distinct species as he and colleagues wrote in
the 1979 edition of the Journal of Medical
Entomology.). Alan Barbour, then of the
Rocky Mountain Laboratories, successfully
isolated the seminal B31 strain by using
a modification of a medium published in
Science magazine for the growth of Borrelia
hermsi by Richard Kelly of Baptist Memor-
ial Hospital Medical Center in Memphis,
TN, in 1971. Using their isolate as antigen,

Unfed and fully fed adult female
|. scapularis. (Courtesy of Pfizer

Central Research.)
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B. burgdorferi. (Courtesy of The
American Society of Microbiolo-
gy. [Anderson et al. 1989].)
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Burgdorfer, Barbour, and colleagues were able
to detect antibodies in patients diagnosed
with Lyme disease and reported their findings
in Science magazine in 1982.

The following year, A. C. Steere and col-
leaguesat Yale,andJ. L. Benachand colleagues
of the New York State Health Department at
Stony Brook, reported the isolation of these
spirochetes from humans. At the same time,
E. M. Bosler and colleagues at the New York
State Health Department, and we along with
our colleagues, reported the first isolations of
these borreliae from small and medium-sized
wild animals, namely white-footed mice, Per-
omyscus lencopus (Rafinesque), and a rac-
coon, Procyon lotor (L.).

In Europe, B. burgdorferi was soon there-
after isolated from patients with erythema
migrans, acrodermatitis chronica atrophi-
cans, Borrelia lymphocytoma, and Bannwar-
th’s syndrome by several scientists including
Eva Asbrink, Anders Hovmark, and col-
leagues at the Sodersjukhuset in Stockholm,
Sweden, Rudolf Ackerman and colleagues at
the Neurologic University Clinic of Cologne,
Germany, Hans-Walter Pfister of the Neurol-
ogische Klinik der Universitit, Munich, Ger-
many, and colleagues, and Uwe Neubert of
the Universitdt, Munich. It should be noted
that the infectious etiology of erythema mi-
grans, acrodermatitis chronica atrophicans,
and Borrelia lymphocytoma was recognized
in Europe in the 1940s and 1950s, many years
before borreliae were isolated from patients.
Penicillin had been shown to be effective in
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treating patients, and each of the skin diseases
had been successfully transferred from human
to human.

The spirochete was named Borrelia burg-
dorferiin 1984, in honor of Willy Burgdorfer,
by R. C. Johnson of the University of Minne-
sota and colleagues, who also demonstrated
that these spirochetes could be isolated more
easily from tissues of rodent organs, such as
spleen and kidney, than from blood. The orig-
inal culture medium used to make the first
isolations from ticks, humans, and wild mam-
mals has been improved and is called Bar-
bour-Stoenner-Kelly medium. Ear punch
biopsies and urinary bladders increasingly are
being used to isolate borreliae from rodents as
first reported by R. J. Sinsky and Joe Piesman
of the University of Alabama at Birmingham,
T. G. Schwan and colleagues of the Rocky
Mountain Laboratories, and S. M. Callister
and colleagues of the Gundersen Medical
Foundation. Although recently discovered, B.
burgdorferi was demonstrated to be present
in I. scapularis collected in the 1940s on Long
Island, NY, by D. H. Persing, then of Yale
University, and colleagues, who used the poly-
merase chain reaction.

In contrast to borrelial isolates from hu-
mans and ticks in Europe, those in the United
States have relatively homogeneous protein
profiles in polyacrylamide gels. In Europe,
Guy Baranton and colleagues of the Institut
Pasteur proposed in the International Journal
of Systematic Bacteriology in 1992 that three
species be designated for the isolates from
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. ricinus and humans in Europe, namely
B. burgdorferi, B. garinii, and VS$461 (=B. af-
zelii), and in Japan, Y. Yanagihara and col-
leagues of the University of Shizuoka named
the borreliae from Ixodes ovatus Borrelia
japonica. Tsolates from human skin, blsod,
and the central nervous system in the United
States have been indistinguishable from one
another and, with one exception, from spiro-
chetes cultured fromI. scapularis and rodents
in the eastern United States. Although vari-
ants from the standard B31 strain have been
reported from I. pacificus Cooley and Kohls,
I. neotomae Cooley, and rodents in California
by M. L. Bissett and Warren Hill of the Cali-
fornia Department of Health Services, and
R. N. Brown, R. S. Lane, and J. A. Pascocello
of the University of California, Berkeley, and
from I. demtatus Marx, cottontail rabbits,
Sylvilagus floridanus Allen, and four isolates
from larval I. scapularis in New York State by
us and our colleagues, none of these variants
from strain B31 has yet to be isolated from
humans and, therefore, none is known to be
associated with human disease.

Natural History

Ixodes ricinus Complex of Vectors. Before
Burgdorfer’s observation in 1981, knowledge
of the association of borreliae with hard-
bodied ticks was limited to an African and
Australian disease in cattle and horses caused
by Borrelia theileri and transmitted by Rhipi-
cephalus evertsi Neumann, Boophilus decol-
oratus (Koch), and B. microplus (Canestrini).
Following the finding of borreliae in I. scapu-
laris, borreliae were soon isolated in three
other species within the Ixodes ricinus com-
plex including . pacificus in the United States
and two Old World species, I. ricinus and I.
persulcatus Schulze.

I. ricinus or I. persulcatus may be five or six
years. However, regardless of the species and
number of years the tick remains alive, the
aggregate time spent feeding on host animals
is no more than two to three weeks. The
tick spends most of its life in soil or on
vegetation.

North American Tick Vectors. Geographi-
cal Distribution. The two North American
species collectively inhabit large areas of land.
1. scapularis is relatively common throughout
most of New England, parts of Maine, New
York, New Jersey, Pennsylvania, Delaware,
Maryland, and is also frequently collected in
states as far south as Florida and as far west as
Texas. It is relatively abundant in the upper
midwest, particularly parts of Minnesota,
Wisconsin, and Illinois. It also occurs inIowa,
Michigan, Indiana, and Ohio, and a dense
population is established in Long Point, On-
tario, Canada, as recently confirmed by L. A.
Barker and colleagues of the University of
Guelph. I. pacificus is common in habitats
along the Pacific Coast from southern Califor-
nia northward to southwestern British Co-
lumbia, Canada, with inland populations in
parts of Nevada, Utah, and Idaho. Addition-
ally, Carl Olson and colleagues of the Univer-
sity of Arizona recently have found specimens
in mountainous areas of Arizona.

Host Animals. Ixodes scapularis and L
pacificus feed on at least 119 species and 80
species, respectively. Subadults of the two spe-
cies feed on mammals, birds, and lizards,
though lizards are rare within the northern
geographical range of I. scapularis. Ixodes
pacificus subadults have a predilection for liz-
ards. Adults of each species feed preferentially
on large and to a lesser extent on medium-
sized mammals.

L. ricinus-type ticks are similar in appear- [EEGESGETACV RISl D CEEERT I R §
ance, require relatively high humidities when BT TelIE]g-METoTo - IR (o N o LH I E1 CTe R (e B T4 [ BTETS
not on host animals, and inhabit woodlands, Y EMGIET RITPTE TRl Roldele G IUER GE TSNS
wooded pastures, brushy areas, or moor- [MEIIVYe RV CRETL R LITg R [ (E:E- 0

lands. They feed on three different animals in
their life, parasitize humans in all three feed-
ing stages, and feed as subadults on a relative-
ly large number of small, medium, and
large-sized animals. The females feed and
mate with males on large and sometimes me-
dium-sized mammals, and females may mate
with males on vegetation as well. The genera-
tion time may vary among species; that of
I. scapularis is approximately two years,
though in extreme northern latitudes in Eu-
rope and Asia, the duration of a generation of
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Seasonal Appearance. The seasonal ap-
pearance of the egg, larval, nymphal, and
adult stages varies among the two North
American species. That of I. scapularis in
northern United States is as follows. Adult
females feed and mate in October through
early December, on warm days in winter,
and again in early spring (March into early
May) of the following calendar year. Feed-
ing continues for approximately 9-11 days.
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Engorged females detach, drop to the ground,
and crawl to the duff area of soil. Each female
lays 1,000~3,000 eggs in a single cluster in
May, June, or early July. Upon hatching, lar-
val ticks feed for three to five days on an ani-
mal in late July, August, or early September,
and then fall to the ground fully fed. Surviv-
ing in the moist duff or perhaps in moist soil
of an animal burrow, most remain in their
fully fed condition through the winter and

The accumulating evidence suggests that, in the years
ahead, /. scapularis will continue to expand its range,

become more numerous, and become a serious prob-
lem to more people.

molt into nymphs in late spring of the follow-
ing year. Nymphs feed for three to five days
on hosts principally in late May, June, and
early July before detaching and falling to the
ground. Fully fed nymphs molt into adults in
the duff primarily in October and Novem-
ber. By contrast, larvae and nymphs of I. paci-
ficus are abundant from March through June,
and adults are most active from November
through May.

Acquisition and Transmission of Spiro-
chetes. Ticks acquire their spirochetes while
feeding on infected animals, though on
rare occasions, unfed larvae are infected
transovarially. Acquisition and transmission
of the spirochete by I. scapularis in northern
United States are favored by the generation
time of two years which allows the seasonal
appearance of nymphs before larvae. Prima-
rily appearing in late July through early
September, larvae often feed on reservoir-
competent infected host animals, such as
white-footed mice, which previously had
been parasitized about two months before by
infected nymphs. In Lyme disease foci, white-
footed mice often are infected universally.
This inverted seasonal appearance of nymphs
preceding larvae helps cnsure the infection of
rodents before uninfected larvae begin feed-
ing, thereby ensuring infection of the next
generation of ticks. Borreliae are transstadial-
ly passed by competent vectors, such as I.
scapularis. Thus, nymphs, which become in-
fected as larvae, are able to infect the animals
they parasitize.

Although B. burgdorferi has been isolated
from or detected in at least 22 wild or domes-
tic mammals, eight birds, and humans, there
are some animals that are suitable hosts for
ticks but are incompetent reservoirs for the
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spirochete. Studies by Sam Telford, III, and
T. N. Mather and colleagues at Harvard Uni-
versity have reported the incompetence of
white-tailed deer, Odocoileus virginianus
(Zimmerman), and gray catbirds, Dumetella
carolinensis (L.). R. S. Lane and J. E. Loye of
the University of California-Berkeley, report
the western fence lizard, Sceloporus occiden-
talis Baird and Girard, to be incompetent.
Therefore, uninfected nymphal and adult 1.
pacificus and I. scapularis likely had fed earli-
ereither on reservoir incompetent hosts, or on
competent hosts that were uninfected. Alter-
natively, they could have fed on infected ani-
mals and either not acquired the spirochete
during feeding or ingested bacteria during
feeding but not successfully transstadially
passed the bacteria.

Many articles have been published on the
isolation of B. burgdorferi from ticks and
animals in the northeastern, midwestern,
south central, and western United States,
but, until recently, none has reported its iso-
lation in the southeastern United States, al-
though we and our colleagues and others
have detected spirochetes in ticks and docu-
mented significant titers of antibody in wild
animals to these spirochetes. It is therefore
interesting to note that J. H. Oliver and col-
leagues have recently isolated B. burgdorferi
from I. scapularis, the cotton mouse, Per-
omyscus gossypinus LeConte, and the cotton
rat, Sigmodon hispidus Say and Ord, from
Georgia and Florida.

Prevalence of infection of I. scapularis is
significantly higher in northern United States
than that of I. scapularis collected in southern
states or of I. pacificus. Prevalence of I. scap-
ularis nymphs and adults in the north is about
20-25% and 50%, respectively, whereas in-
fection rarely exceeds 3% in the south or in I.
pacificus adults. R. S. Lane and colleagues
have suggested that the lower infection rate in
the latter ticks from the western United States
may be a result of reservoir incompetence of
the western fence lizard, the seasonal peak of
larval abundance occurring before that of
nymphs, and infrequent feeding by nymphs
on reservoir competent rodents.

Humans acquire infections from ticks that
transfer spirochetes during feeding, either by
salivation as documented by J.M.C. Ribeiro
and colleagues at Harvard University, regur-
gitation, or by both methods. Joe Piesman and
colleagues report that I. scapularis nymphs
are unlikely to transmit borreliae during their
first 24 hours of attachment, but almost al-
ways successfully transfer spirochetes after

AMERICAN ENTOMOLOGIST  ©  Winter 1994



they have been attached for three days. It is
therefore important to find and remove ticks
as quickly as possible after they have become
attached so as to reduce risk of acquiring
Lyme disease.

Abundance and Spread of 1. scapularis.
The relatively recent increase in numbers of I.
scapularis in northeastern and midwestern
woodlands, brushy and edge habitats, and in
lawns and parks within woodland settings
appears to be related to land-use parterns and
limited hunting programs that have allowed
white-tailed deer to increase. Adult I. scapu-
laris feed preferentially on white-tailed deer,
and we and other entomologists, namely An-
drew Spielman and his former students Joe
Piesman, M. L. Wilson, and S. R. Telford, I,
at Harvard University; A. J. Main, formerly of
Yale University; K. C. Stafford, III, at the Con-
necticut Agricultural Experiment Station; and
Tom Daniels and Durland Fish at the New
York Medical College have stressed the im-
portance of deer in maintaining dense popula-
tions of I. scapularis.

It is interesting to note that ticks were
abundant in the pristine eastern hardwood
forests in the mid 1700s and then declined to
very low levels in the next 120 years. From
the diary of Swedish botanist Pehr Kalm, we
learn that near Saratoga, NY, on 24 June
1749, “The woods abound with woodlice”
(Kalm called them Acarus americanus L.
=Amblyomma americanum (L.), but J. C.
Bequaert of Harvard University in 1945 sug-
gested the species had to be otherwise). In the
latter part of the next century, Asa Fitch, the
state entomologist of New York, wrote in
1872, “The most common tick of our coun-
try, the wood tick from its inhabiting the
woodlands, and not occurring in cleared and
cultivated grounds, though formerly abun-
dant throughout the northern and middle

western United States. Birds, and to a lesser
extent mammals, are probably the major nat-
ural vehicles for bringing I. scapularis into
new areas. Our studies in Connecticut, those
of G. R. Battaly and colleagues in New York,
A. R. Weisbrod and R. C. Johnson in Minne-
sota, T. L. Schulze and colleagues in New Jer-
sey,and R. G. McLean and colleagues of CDC
have documented the importance of birds as
hosts for subadult I. scapularis. S. A. Man-
weiler and colleagues in California suggest
birds to be less important in the dispersal of I.
pacificus.

Relatively new distribution records for I.
scapularis in the northern United States and
Canada have been reported in Illinois (J. K.
Bouseman and U. D. Kitron and colleagues),
Kansas (S. C. White, S. J. Upton, and D. E.
Mock), Iowa (Nixon Wilson and M. G. No-
vak and colleagues), Maine (H. S. Ginsberg
and C. P. Ewing, R. P. Smith and colleagues,
and P. W. Rand and colleagues), Rhode Island
(M. C. Carroll and colleagues), Massachu-
setts (C. C. Lastavica and colleagues), New
York State (D. J. White and colleagues), Indi-
ana (R. R. Pinger and Todd Glancy), Virginia
(J. E Levine and colleagues), Maryland (E. .
Amerasinghe and colleagues), Wisconsin
(M. S. Godseg and colleagues; J. B. French, Jr.,
and colleagues; S. M. Callister and colleagues;
and M. D. Sharon and colleagues), western
Pennsylvania (R. D. Lord and colleagues), in
the greater Philadelphia area, northern New
England and Maine, and Connecticut (J.EA.
and L.A.M.), and Prince Edward Island, Can-
ada (Harvey Artsob and colleagues). Al-
though I. scapularis may not establish and
become abundant in all of the above men-
tioned sites, the accumulating evidence sug-
gests that, in the years ahead, I. scapularis will

SRR TR MU NICCS  We believe that I. scapularis will remain relatively
GRCAE ISR TE LD RO LRSI abundant and will continue to spread...so long as
SRRV LRGN NS deer remain numerous and there is an absence of

agriculture often replaced forest, and the
large wild mammals were reduced to ex-
tremely low levels. In the 120 years since
Fitch wrote of the absence of ticks in New
York, a large portion of agricultural land has
reverted to forest, deer have returned in great
abundance, and I. scapularis has become es-
tablished in many wooded areas.

Although I. scapularis is spreading into
new areas of the northeastern and midwest-
ern United States, there is no evidence of its
spreading into new foci in the southern states,
or of I. pacificus expanding into ranges in the
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continue to expand its range, become more
numerous, and become a serious problem to
more people.

Natural Enemies. No effective natural en-
emies are known for I. scapularis or I. pacifi-
cus. A chalcid wasp, Hunterellus hookeri
Howard, which was introduced from Paris,
France, in 1926 into Naushon Island, MA,
became established onl. scapularis. Although
rates of parasitism of about 33% and 20%

225



226

have been relatively recently recorded on
Naushon Island and Prudence Island, RI, by
T. N. Mather and colleagues, and by Renjie
Hu and colleagues, 1. scapularis remains
abundant on both islands.

Possible Role of Other Ticks and Insects as
Vectors. Other species of ticks that feed on
humans and biting insects such as tabanids,
mosquitoes, and fleas have been implicated as
possible vectors of B. burgdorferi. For exam-
ple, erythema migrans was reported by T. L.
Schulze of the New Jersey Health Deparrment
and colleagues to develop following bites by
A. americanum from which J. A. Rawlings in
Texas has isolated B. burgdorferi. Ixodes
cookei Packard has been suggested by J. E.
Hall and colleagues in West Virginia as a pos-
sible vector. We have derected spirochetes in
tabanids, and more than one author has re-
ported erythema migrans developing after a
deer fly bite. Vector comperency has not been
determined under experimental conditions,
and more research is needed to determine the
importance of these arthropods.

Although most attention has focused on
spirochetes escaping from their enzooric cycle
and entering into human populations, there
are borreliae that seemingly are maintained
almost exclusively in enzootic cycles involv-
ing ticks that seldom, if at all, feed on humans.
Sam Telford, 111, and colleagues at Harvard
University, and we and our colleagues, have
studied I. dentatus which feeds on cottontail
rabbits and, as juveniles, also on birds in east-
ern United States. The B. burgdorferi isolates
from corttontail rabbits and from I. dentatus
often have different protein profiles in poly-
acrylamide gels than those from I. scapularis
and rodents. Although not yet isolated from
humans, these borreliae could infect humans
via a rare bite from an infected I. dentatus or
by anl. scapularis that feeds first on a cotton-
tail rabbit and subsequently on a human. In
California, R. N. Brown and R. S. Lane have
reported on variable B. burgdorferi isolates
from the dusky-footed woodrat, Neotoma
fuscipes Baird, and I. neotomae. Unknown to
feed on humans, I. neotomae feeds on rodents
and lagomorphs. The borreliae are passed
among woodrats and, to a lesser degree, to the
California kangaroo rat, Dipodomys cali-
fornicus (Merriam), by bites of I. neotomae.
Possibly, these borreliae could be passed to
humans when . pacificus feeds on an infected
rodent and in a subsequent stage on humans.
Old world Ixodes that likely have a role in
the ecology of Lyme disease are I. hexa-
gonus Leach, as documented by Lise Gern and

colleagues in Neuchatel, Switzerland, and I.
ovatus Neumann, as reported by Kenji Miya-
moto and colleagues in Asahikawa, Japan.

Outlook

We believe that I. scapularis will remain
relatively abundant and will continue to
spread into new wooded and brushy environ-
ments in the northeastern and midwestern
United States so long as deer remain numerous
and there is an absence of effective natural
enemies. This species will not only be a formi-
dable obstacle to our enjoyment of woodlands
in unpopulated recreational areas but, also,
and more importantly, to our enjoyment of
yards, parks, and woodlands in some of the
most densely human-inhabited areas in the
United States. As emphasized by R. C. Falco
and Durland Fish in Westchester County, N,
Lyme disease is peridomestic and many people
acquire their tick bites near or in their yards.

Much less information is available on the
outlook of Lyme disease within the south-
ern geographical range of I. scapularis. Com-
pared with numbers of documented cases of
Lyme disease in the northeastern and mid-
western United States, those in southern states
have been relatively few except for the num-
bersreported from Georgiain 1989, when 715
cases were reported compared with 23 in
15992.Tr will be interesting to learn in the vears
ahead if numbers of I. scapularis in the more
northern southern states such as Virginia,
West Virginia, North Carolina, and others,
increase as they have recently done in Pennsyl-
vania. There are currently no reports of in-
creasing numbers of these ticks in the south.
Recent studies in Oklahoma (S. W. Mukolwe
and A. A. Kocan and colleagues), Texas (G. J.
Teltow and J. A. Rawlings and colleagues),
Georgia (J. H. Oliver, Jr., and his students Jordi
Galbe, H. J. Hutcheson, and Angela James;
and by G. L. Mahnke and colleagues), North
Carolina (J. E Levine and colleagues), Ala-
bama (Shirley Luckhart and colleagues), Ar-
kansas (J. T. Kardatzke and colleagues), and
Virginia (D. E. Sonenshine and colleagues)
suggest involvement of lizards, birds, rodents,
deer, I. scapularis, A. americanum, and possi-
bly other arthropods in the natural history of
Lyme disease in southern states.

Ixodes pacificus in the western United
States, likel. scapularis in the southern United
States, does not seem to be spreading into new
geographical areas or increasing in abun-
dance. There is no current indication that
prevalence of Lyme disease along the Pacific
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Coast will approach levels currently reported
in the northeastern United States.
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