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The author reviews his changing interest in tick-borne spirochetoses during his career
(1951-1985) as a medical entomologist at the U.S. Public Health Service's Rocky Moun
tain Laboratory. The discoveries of relapsing fevers in the western United States in the
1930s and 1940s led to well-supported epidemiologic research, including studies on the
relationships betweenvectorsand spirochetes.When tick-borne relapsing feverin the United
States was shown to be a relatively rare and readily treatable disease, financial support
was withdrawn, and ongoing research was limited or terminated. Interest in relapsing fe
ver spirochetes, particularly the relation to the relapse phenomenon in animal hosts, resur
faced in the 1960s and 1970s with the introduction of immunofluorescence assays and
with the development of Kelly'smedium for continuous cultivation of certain spirochetes.
This interest increased significantly in 1981 when the author discovered a tick-borne
spirochete to be the causative agent of Lyme disease and of several clinically related dis
orders in Europe. The discovery of this agent, now known as Borrelia burgdorferi, has
led not only to intensive clinical, epidemiologic, and ecologic investigations in the United
States and abroad but also to the identification of molecular and immunochemical tech
niques necessary for the study of the complex biology of tick-borne spirochetes. Refer
ence is also made to a new species of Borrelia that may be the etiologic agent of epizootic
bovine abortion in the western United States.

It is indeed a great honor to come before this
gathering - the 40th International Northwest Con
ference of Diseases in Nature Communicable to
Man-to present the R. R. Parker Lecture in mem
ory of the first director of the Rocky Mountain Lab
oratory (RML) in Hamilton, Montana, and the
founder of this organization.

Although like many of you here, I did not know
Dr. Parker personally, I am greatly indebted to him,
for he made possible my U.S. Public Health Service
fellowship in 1951. Dr. Parker and my former teacher
Professor Dr. Rudolf Geigy, who was not only
professor of zoology at the University of Basel in
Switzerland but also the first director of the Swiss
Tropical Institute, were good friends. Not only did
they share their research interests in epidemiology
and ecology of arthropod-borne, particularly tick
borne, diseases, they were also enthusiastic stamp
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collectors and maintained a vigorous exchange
program.

When Professor Geigy visited the RML in 1948,
Dr. Parker promised him a U.S. Public Health Ser
vice fellowship for any of Geigy's students interested
in the biology of ticks or in the behavior of human
and animal pathogens in tick vectors. Although my
ongoing thesis research on the development of the
relapsing fever spirochete Borrelia duttonii in its tick
vector Ornithodoros moubata made me a prime can
didate, other colleagues were interested in going to
RML. A flip of the coin finally decided that I should
apply.

Dr. Parker's death, September 4, 1949, changed
my plans somewhat but not his promise; on Decem
ber 23, 1951, I reported for duty at RML to study
the relationship(s) between spirochetes causing
relapsing fever and their argasid tick vectors under
the sponsorship of Dr. Gordon E. Davis, a world
renowned expert on this subject.

Historical Background: Endemic Relapsing Fever

Tick-borne or endemic relapsing fever was first
recorded in the United States in 1915 when five per
sons contracted the disease in Bear Creek Canyon,
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Jefferson County, Colorado [1]. Other states report
ing first cases included California in 1922 [2];Texas
in 1927 [3];Arizona in 1930 [4];Kansas in 1934 [5];
Nevada in 1937 [6]; Utah, Washington, and Mon
tana in 1939 [7]; Oklahoma, Oregon, and Idaho in
1940 [8-10]; and New Mexico in 1941 [11]. Although
most reports dealt with relatively few cases, in 1937
Beck [12] reviewed 106 cases that had occurred be
tween 1921 and 1935 in California at altitudes of
more than 5,000 feet, especially at Big Bear Lake,
Lake Tahoe, and Packer Lake. Similarly, Kemp and
associates [13] presented details of 258cases in Texas
for the period 1930-1934. In Canada, the first rec
ord of relapsing fever dates back to 1933 when six
cases were reported in British Columbia [14].

In the United States, a tick vector was not recog-
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nized until 1930 when Weller and Graham [15] in
Texas reported that cases of relapsing fever seen by
them were caused by spirochetes transmitted by the
argasid tick Ornithodoros turicata. Five years later,
Wheeler et al. [16] showed Ornithodoros hermsi to
be a vector in California, and in 1939 Davis [7] specu
lated that Ornithodoros parkeriwas a likely vector
in Wyoming, Montana, Utah, and Washington. Al
though found infected with spirochetes, this tick (to
the present) has never been associated with human
relapsing fever; it is often found in burrowing owls'
nests and rarely comes in contact with humans.

Not only in North America but also in South and
Central America, southern Europe (Spain), Africa,
and Asia, numerous ticks of the genus Ornithodoros
have been shown to be infected with spirochetes and

Table 1. Characteristics and distribution of Ornithodoros-borne borreliae.

Arthropod
Borrelia vector Animal
species (Ornithodoros) reservoir Distribution Disease

B. duttonii O. moubata Humans Central, eastern, southern Africa East African tick-borne endemic
relapsing fever

B. hispanica O. erraticus Rodents Spain, Portugal, Morocco, Hispano-African tick-borne
(large variety) Algeria, Tunisia relapsing fever

B. crocidurae, O. erraticus Rodents Morocco, Libya, Egypt, Iran, North African tick-borne
B. merionesi, (small variety) Turkey, Senegal, Kenya relapsing fever
B. microti,
B. dipodilli

B. persica O. tholozani Rodents From west China and Kashmir Asiatic-African tick-borne
(syn. O. to Iraq and Egypt, relapsing fever
papillipes, USSR, India
O. crossit)

B. caucasica O. verrucosus Rodents Caucasus to Iraq Caucasian tick-borne relapsing
fever

B. latyschewii O. tartakowskyi Rodents Iran, central Asia Caucasian tick-borne relapsing
fever

B. hermsii O. hermsi Rodents, chip- Western United States American tick-borne relapsing
munks, tree fever
squirrels

B. turicatae O. turicata Rodents Southwestern United States American tick-borne relapsing
fever

B. parkeri O. parkeri Rodents Western United States American tick-borne relapsing
fever

B. mazzottii O. talaje (0. Rodents Southern United States, Mexico, American tick-borne relapsing
dugesil) Central and South America fever

B. venezuelensis Q rudis (syn. Q) Rodents Central and South America American tick-borne relapsing
venezuelensis fever

B. brasiliensis O. brasiliensis ? South America (Brazil) ?*
B. graingeri O. graingeri ? East Africa (Kenya) One laboratory case*
B. tillae O. zumpti Rodents South Africa ?*
B. queenslandica O. gurneyi Rodents Australia ?*
B. armenica O. alactagalis Rodents Armenia ?*

* Spirochete-tick association of unknown or little health significance in humans.
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capable of transmitting them to humans (see table
1). Most of these ticks and their spirochetes were
available in Dr. Davis' laboratory. He and his capa
ble technician, Mr. Anthony J. Mavros, maintained
colonies of 13 species of Ornithodoros and some
how managed to cultivate, in their natural tick vec
tors, 35 strains of spirochetes representing 14 spe
cies of Borrelia.

Throughout the 1940sand still in the early 1950s,
tick-borne relapsing fever and its spirochetes were
of interest to public health authorities. Although not
deadly, relapsing fever was considered a serious and
debilitating disease that appeared to be spreading
in the southern and western parts of the country. It
was felt therefore that public health officials, prac
ticing physicians, and even specialists should have
a thorough knowledge of this disease and of the
means by which its causative agent is disseminated.
Thus, the research activities of Dr. Davis were well
supported. One of the many projects wetackled con
cerned the search for biologic criteria that would al
low us to classify and to identify the spirochetes. On
the basis of studies carried out since 1936,Davis [17]
developed the theory that in the United States each
species of Ornithodoros which is a vector of relaps
ing fever spirochetes carries a spirochete that is tick
host specific, i.e., in no instance has one of the three
tick species - O. hermsi, O. turicata, or O. parkeri
transmitted the spirochete recovered from either of
the other two. On the other hand, a species from one
locality never failed to transmit the spirochetes of
the same species from another locality.

Although with few exceptions this vector speci
ficity held true for North America, it no longer did
for African or Asian tick/spirochete combinations.
In fact, in many of these countries, we encountered
local specificity to the extent that, for instance, Or
nithodoros tholozani from one part of Iran failed
to transmit Borreliapersica from another part of that
country [18]. Thus, we looked for additional clas
sification criteria, such as the behavior or pathoge
nicity of spirochetes in newborn animals (mice, rats,
voles, guinea pigs, rabbits), only to find that this ap
proach did not work either.

RML was not the only laboratory in which inten
sive research on the relationship of relapsing fever
spirochetes to tick vectors was conducted. To name
a few, there were the Pasteur Institute of Iran in Te
heran, where Dr. Baltazard [19], in collaboration with
Dr. Davis, tried to solve the classification problem;
the Swiss Tropical Institute in Basel, where Profes-

Burgdorjer

sor Geigy together with Professor Dr. Hans Mooser
from Zurich, Switzerland, expanded studies that I
initiated as a graduate student and showed that con
tinuous transovarian passage of the relapsing fever
spirochete B. duttonii in its tick vector without oc
casional reactivation in a susceptible host will lead
to a partial or even complete loss of pathogenicity
[20]; the London School of Tropical Medicine and
Hygiene, where Dr. Raja Varma [21] studied
spirochetes in Ornithodoros with emphasis on the
mechanism(s) of transmission to a host; the Tropi
cal Institute in Hamburg, where Dr. Haberkorn [22]
dealt with the relationship of tick-borne spirochetes
(Borrelia crocidurae) to the body louse; U.S. Naval
Medical Research Unit No.3 in Cairo, Egypt, where
Drs. Davis and Harry Hoogstraal [23] searched the
Egyptian deserts for foci of Ornithodoros erraticus
and spirochetes; and finally, several laboratories in
the USSR, where Dr. Pospelova-Shtrom [24] and col
leagues worked intensivelywith O. tholozani and Or
nithodoros tartakowskyi and their respective
spirochetes, B. persica and Borrelia latyschewii.

Needless to say, I enjoyed my work with Dr. Davis.
In fact, I enjoyed it so much that I applied for a
second-year fellowship and, when that came to an
end, for a position as a visiting scientist. Unfortu
nately, by that time (December 1953), administra
tive interest in and support for research on relaps
ing feversand tick-borne spirochetes had completely
vanished. I never will forget a discussion I had with
Dr. Victor Haas, the director of the National
Microbiological Institute (as we were then called).
"Relapsing fever," he said, "is a disease of the past;
it no longer represents a public health problem. We
cannot justify financial support for conducting re
search on an illness that each year may affect a hand
ful of people who can be treated effectively with an
tibiotics. Considering your plans to stay at RML,
I strongly urge you to change to a different field of
research." Thus, work on tick-borne spirochetes, for
me at least, became a moonlighting job. When Dr.
Davis retired in 1956, I inherited his technician, and
together we managed to keep going some of the nor
mal as wellas spirochete-infected tick colonies. This
enabled us through the past 30 years to provide out
side agencies with normal or spirochete-infected O.
hermsi, O. turicata, O. parkeri, or even O. moubata.

Periodically, as expected, nature reminded us that
tick-borne relapsing fevers were not historical dis
eases but, rather, the rewards for those sharing the
ticks' biotopes. Thus, in March 1968,I receiveda call
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from Dr. Robert Thompson, a Centers for Disease
Control-Epidemiology Intelligence Service (CDC
EIS) officer assigned to the Washington State Health
Department, about an outbreak of a febrile illness
among boy scouts that he thought might be Colorado
tick fever. With a lot of snow still on the ground,
I questioned his diagnosis, especially after he told
me that the scouts had camped out at Browne Moun
tain (elevation 3,100 feet) in wooded country about
seven miles southwest of Spokane, Washington. At
the campsite were two old, poorly kept, and rodent
infested cabins. The older scouts and scoutmasters
planned to teach the younger scouts the virtues of
roughing it in cold weather; they spent the nights in
the cabins while the younger scouts had to sleep in
tents. Ten of 20 scouts camping inside and one of
22 sleeping in a tent became ill with feverthat in some
instances relapsed as many as three times. While one
scout was still in the hospital, I suggested that blood
smears be made and examined for relapsing fever
spirochetes. They were positive. During a follow-up
on-site visit, we collected rodent nesting material
from the walls of one cabin and found 18O. hermsi,
two of which were positive for spirochetes [25].

The largest outbreak of tick-borne relapsing fe
ver ever to occur in the Western Hemisphere took
place in the summer of 1973 on the North Rim of
the Grand Canyon [26]. Sixty-two visitors and Park
Service employees who spent one or several nights
in log cabins scattered throughout the North Rim
Park area contracted the disease. Some investigators
believed that this epidemic was closely related to a
plague epizootic that had occurred in the area one
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year earlier and had led to a die-off of the natural
rodent hosts of the tick vector O. hermsi.

This may be an ideal point at which to review the
number of relapsing fever cases reported since 1959.
As summarized in table 2, a total of 345 cases within
the distributional area of O. hermsi and 37 cases
within that of O. turicata came to the attention of
the various state health departments. These figures
certainly do not represent a true picture of relapsing
fever in the United States. Because in most patients
the disease is eventually self-limited, many cases go
unrecognized [27].

Many of the above-mentioned institutions, such
as the Pasteur Institute of Iran, the London School
of Tropical Medicine and Hygiene, the Tropical In
stitute in Hamburg, among others, eventually fol
lowed RML's decision to "get out of the relapsing
fever and spirochete business" (to use a phrase of
ten heard in discussions with administrators). Indeed,
for many years, there was little research activity on
these subjects. By the end of the 1960s, however, new
laboratories with interests not in vector/spirochete
relationships but in the immune mechanisms under
lying the typical relapsing pattern of the disease had
emerged. It had long been speculated that this pat
tern was related to antigenic phase variations of the
spirochetes, which appeared to adapt themselves
repeatedly to host antibodies by altering their anti
genic profiles.

The exciting research that has been forthcoming
during the past years on relapsing fever and tick
borne spirochetes was based on the pioneering works
of Drs. Coffey and Eveland [28, 29], who, for the

Table 2. Cases of tick-borne relapsing fever in the United States, 1959-1983.
-------

No. of cases during period indicated
---- -----

Borel/ia species, state 1959-1963 1964-1968 1969-1973 1974-1978 1979-1983

B. hermsii
California 20 13 17 53 58
Arizona 1 0 62 3 4
Oregon 0 14 5 20 20
Washington 0 12 0 4 5
Colorado 0 0 0 4 20
New Mexico 0 0 0 3 3
Idaho 0 0 0 1 3

B. turicatae
Texas 12 2 1 3 15
Kansas 0 1 0 I 0
Oklahoma 0 0 0 2 0

-----_.-- ---------

NOTE. Data are from reports of state health departments.

 at U
niversity of M

anchester on M
ay 8, 2015

http://cid.oxfordjournals.org/
D

ow
nloaded from

 

http://cid.oxfordjournals.org/


936

first time, applied indirect immunofluorescence tech
niques to the identification of Borrelia hermsii sero
types; of Dr. Oscar Felsenfeld [30] and co-workers,
who successfully used the indirect immunoenzyme
tests for the detection of antibodies against borre
liae in animals and humans; of Dr. Russell Johnson
[31], who developed a research department to study
the physiology and biochemistry of tick-borne
spirochetes; and, finally, of Dr. Richard Kelly [32],
who found a complex medium - now known as
Kelly's medium - that supported growth and devel
opment of various species of Borrelia. I am happy
to state that for most of these investigators, our lab
oratory provided the strains of spirochetes, some of
which had been maintained since Dr. Davis' time.

Interested in the immune response in tick-borne
relapsing fever, our former director, Dr. Herbert G.
Stoenner, initiated a study of antigenic variations
of B. hermsii and was able to identify at least 24
different serotypes originating from a single
spirochete. Each of these 24 serotypes were also
shown to change to seven or more other serotypes.
Conversions occurred constantly and were indepen
dent of relapses [33].

In a follow-up study headed by Dr. Alan Barbour,
also of RML, each serotype was found to have a pro
tein of different molecular weight, and it was specu
lated and subsequently proved that a change from
the specific protein to another represents the basis
for antigenic variation of Borrelia species during
relapsing fever [34].

Dr. Kelly's development of an artifical culture
medium for continuous serial passages of certain
tick-borne borreliae deserves special mention, for it
provided large quantities of spirochetes for im
munochemical, molecular, and genetic analyses as
wellas for serodiagnostic procedures that previously
had been hampered by difficulties in obtaining suf
ficiently large quantities of spirochetes from infected
animals. Today, both the IFA and ELISA with cul
tured spirochetes as antigen appear to be useful in
the diagnosis of tick-borne spirochetoses, even
though antigenic cross-reactions with other
spirochetes may occur, especially in low serum dilu
tions.

Lyme Disease

Our discovery in the fall of 1981 of a tick-borne
spirochete as the long-sought cause of Lyme disease
in the United States and of related disorders in Eu-
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rope signaled the beginning of a new era in the re
search of tick-borne spirochetoses [35, 36]. All of
a sudden, clinical investigators, microbiologists,
epidemiologists, ecologists, entomologists, and even
administrators scrambled for a spot in the
"lymelight." No longer did we hear "get out of the
spirochete business," for now we had discovered a
tick-borne spirochete that at the site of tick-bite
causes an expanding annular skin lesion known as
erythema chronicum migrans (ECM) in Europe since
the beginning of this century [37]. This lesion may
be accompanied by fever, headache, stiff neck, and
myalgia, now we had discovered a spirochete that
causes neurologic disorders such as aseptic menin
gitis, encephalitis, and neuritis that has been known
in Europe since 1922as tick-borne meningopolyneu
ritis [38]or Bannwarth's syndrome [39]and is often
accompanied by paralysisof the facial muscles (Bell's
palsy); now we had discovered a spirochete that,
within a few weeks to two years after onset of ill
ness, causes migrating musculoskeletal pain in joints,
tendons, bursae, muscles,or bones, and arthritis with
joint swelling that usually begins months after on
set and is characterized by intermittent attacks of
swelling and pain, especially in the knees [40]; now
wehad found a spirochete that, in about 10070 of pa
tients and from as early as four days to three months
after onset, causes fluctuating degrees of atrioven
tricular block and acute myocarditis, ventricular dys
function, and cardiomegaly [41]; now we had found
a spirochete capable of spreading transplacentally
to the organs of the fetus, causing congenital heart
disease and possible death of the infant [42]; now
we had found a spirochete that in Europe, following
tick bite, may cause lymphocytoma (lymphadenitis
benigna cutis) or acrodermatitis chronica atrophi
cans [43].

Many of these clinical manifestations have oc
curred in Europe for years as entities of unknown
cause until wediscovered the causative spirochete in
1981.

Lymedisease is a complex, multisystem spiroche
tosis that affects both children and adults [40]. It
was named after the Connecticut community of
Lyme, where outbreaks of arthritis had occurred in
1974and 1975that werediagnosed as juvenile rheu
matoid arthritis. Thanks to two persistant house
wives, Mrs. Polly Murray and Mrs. Judith Mensch
of Old Lyme, who questioned this diagnosis, the
rheumatology department of Yale University Medi
cal School conducted detailed clinical and epidemi-
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ologic investigations that eventually led to the
description of a new disease entity called Lyme ar
thritis or Lyme disease. Shortly after the causative
spirochete-now called Borrelia burgdorferi[44]
was discovered, however, it became apparent that
ECM, tick-borne meningoradiculitis, and acroder
matitis chronica atrophicans of Europe are caused
by the same, or at least closely related, spirochetes
[45-47] and that these clinical entities may represent
various stages of the more complex disease entity
called Lyme disease. Even though this term is a mis
nomer and not appreciated by European investiga
tors because of a specific geographic reference, it
does refer to a complex spirochetosis rather to spe
cific clinical manifestations, such as erythema
(chronicum) migrans, tick-borne polyneuritis, and
lymphadenitis benigna cutis.

In the United States from 1975 through 1979, 512
cases of Lyme disease were diagnosed in 14
predominantly northeastern and midwestern states
[48]. In 1982, 49J cases came to the attention of
CDC. This number increased to 599 cases in 1983
and to 1,498 cases in 1984[49]. The number of states
reporting this disease has also increased significantly,
from 14in 1979to 20 in 1984, although more than
900/0 of all cases were acquired in Connecticut, Mas
sachusetts, Minnesota, New Jersey, New York,
Rhode Island, and Wisconsin. Connecticut and New
York, with 483 and 446 cases, respectively, reported
the largest number of cases in 1984. As yet, it is not
known whether the increase in numbers and widen
ing geographic distribution of cases reflect increased
recognition or reporting rather than increased inci
dence or spread of the vectors and/or spirochetes.

Ticks of the genus Ixodeshave been suspected and
proved to be vectors. In the United States, the deer
tick, Ixodes dammini, from which the initial strain
of B. burgdorferi was discovered and isolated, serves
as a vector in the northeastern and midwestern states.
In some areas in New York, for instance, up to 100%
of adult ticks collected from vegetation have been
found to harbor spirochetes (W. B.and J. L. Benach,
unpublished observations). In the western part of
the country, the western black-legged tick, Ixodes
pacificus, has been incriminated as a potential vec
tor. In a recently completed tick/spirochete survey
with Dr. Robert Lane from the University of Califor
nia, Berkeley, and Dr. Robert Gresbrink from the
Oregon State Health Division, we were able to con
firm this assumption. Of 715 adult ticks from Ore
gon, 14 (1.9%) were infected, whereas 11 (1.1 %) of
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972 ticks from Marin, Sonoma, and Mendocino
counties in Northern California harbored spirochetes
indistinguishable from B. burgdorferi [50]. These
figures correlate well with the occurrence of Lyme
disease in humans. So far, few cases have been
reported from the western United States, whereas in
the Northeast and Midwest the disease is considera
bly more prevalent.

Spirochetes indistinguishable from B. burgdorferi
have been detected also in Amblyomma americanum
[51], Dermacentor variabilis [52], Rhipicephalus san
guineus [53], Haemaphysalis leporispalustris [52],
and Ixodesscapularis (J. A. Rawlings, personal com
munication). Of these, only A. americanum has been
claimed to serve as a potential vector of B. burgdor
feri in the northeastern state of New Jersey.

In Europe, the sheep tick, Ixodes ricinus, is the
vector. It had been associated with ECM as early as
1908, and since then with the various clinical enti
ties, such as tick-borne meningoradiculitis, lym
phocytoma, and acrodermatitis chronica atrophi
cans. Its infection with spirochetes remained elusive
until soon after we discovered the Lyme disease agent
in I. dammini.

In 1978, I spent a one-year sabbatical at the
University of Neuchatel in Neuchatel, Switzerland,
to conduct a tick/rickettsial survey. I found up to
10% of L ricinus infected with a Rickettsia that was
eventually shown to represent a new spotted fever
group agent [53]. At the end of my sabbatical, I
returned to RML, taking along as reference mate
rial the smears of 135 I. ricinus that had been col
lected in the Seewald Forest on the Swiss plateau,
where ECM cases had previously been reported. I
remembered these slides and wondered whether they
could still be examined. After three years of stor
age, the Gimenez stain had completely faded. A res
taining with Giemsa, however, proved moderately
successful and allowed a reexamination. Thirteen
(17%) of the ticks contained spirochetes. In the
spring of 1982, we obtained live ticks from Neu
chatel. Of 210individually examined adult ticks 73
(36.30/0) were infected with spirochetes. Morpholog
ically, this spirochete appeared indistinguishable
from the I, dammini organism, and antigenic similar
ities between these two spirochetes were apparent by
direct immunofluorescence and SDS-PAGE protein
profiles as well as by indirect immunofluorescence
and western blot analyses of sera from ECM and
Lyme disease patients [36].

As yet, little is known about the natural history
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of the Lyme disease spirochete, particularly its source
for infecting ticks. So far, spirochetes have been re
covered from the blood of white-tailed deer
(Odocoileus virginianus) [54], a raccoon (Procyon
lotor) [55], white-footed mice (Peromyscus leucopus)
[54-56], and from the liver of a passerine bird (Cad
tharusfuscescens) [57]. The white-footed mouse ap
pears to be a preferred host of immature I. dammini
and is considered a potential spirochetal reservoir
[58]. Although these animals, as fas as we know, are
not adversely affected by the Lyme disease
spirochete, dogs have been shown to be susceptible
and will suffer lameness from inflammation in one
or more joints [59-61]. Spirochetes identical to
B. burgdorferi have been isolated from the blood of
a Doberman Pinscher suffering stiffness in all four
limbs [59].

Present Research

The discovery of the causative agent of Lyme dis
ease and related disorders in 1981 has opened the
doors for intensive clinical, epidemiologic, and eco
logic research as attested to by the plethora of papers
published during the past two years. With the help
of sophisticated immunochemical and molecular
technology, it suddenly has become possible to gain
insight into the complex biology of tick-borne
spirochetes. .Relapsing fevers and their causative
agents also have again become a prime target for re
search, and, as one discovery follows another, new
fields to our vision are opened. To exemplify this
statement, expressed many years ago by Louis
Pasteur, I would like to finish my lecture by refer
ring to still another exciting finding that my col
leagues and I have made during our investigations
on the ecology of Lyme disease in California. The
relatively small percentage (1.9070) of Ixodespacifi
cus harboring B. burgdorferi led to the question of
whether other species of ticks, such as the argasid
tick, Ornithodoros coriaceus, which primarily feeds
on deer and cattle, is a carrier of spirochetes. In a
study with Dr. Lane, we collected O. coriaceus with
dry ice-baited pitfall traps from chaparral and
woodland-grass habitats at the University of Califor
nia Hopland Field Station from July to September
1984 and examined them by direct immunofluores
cence. Spirochetes were detected in 5 (0.9%) of 520
larvae, 10 (8.2%) of 121 nymphs, and 31 (24%) of
129 adults. Immunochemical and molecular studies
with one isolate from these ticks revealed that this
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spirochete is a Borrellia, but it differs from the
hitherto-described relapsing fever spirochetes or the
Lyme disease agent [62].

Ornithodoros coriaceus is considered the vector
of an as yet unknown agent causing epizootic bo
vine abortion (EBA) in rangeland cattle within the
distributional area of O. coriaceus [63]. In Califor
nia alone annual losses from EBA vary from 5070 to
60% in individual herds, at a cost of $5 to $15 mil
lion. Chlamydiae have been proposed as the cause
of this disease [64], but vaccines prepared from this
agent did not protect cattle in areas where EBA is
enzootic [65].

In a recent paper we suggest that the O. coriaceus
spirochete may be causally related to EBA because
of the high percentage of infected ticks in recognized
EBA areas [62]. Also, the fact that prophylactic treat
ment of cattle with chlortetracycline reduces the
abortion rates under field conditions indicates that
an antibiotic-sensitive organism, such as a spirochete,
may be the abortifacient agent. Finally, it is well
known [66] that pregnant woman infected with
relapsing fever frequently abort - a phenomenon
known to occur also in Lyme disease, as discussed
previously.

In 1948, I started my career as a medical entomol
ogist with a study of the development of B. duttonii
spirochetes in O. moubataticks [67]. Although dur
ing the past 37 years I ventured into various fields
of arthropod-borne pathogens, I always managed
to keep up my interest in tick-borne spirochetoses.
The discovery of the Lyme disease agent undoubt
edly has led to a renaissance of interest in this sub
ject. Having had the privilege to contribute to this
exciting development is a most rewarding feeling as
I am about to join the ranks of retired persons.

References

1. Meader CN. Five cases of relapsing fever originating in
Colorado, with positive blood findings in two. Colo Med
1915;12:365-8

2. Briggs LH. Relapsing fever in California. lAMA
1922;79:941-4

3. Cornick B. Relapsing fever. Presented before Bexar County
Medical Society, San Antonio, Texas. Cited by: Davis GE.
Ticks and relapsing fever in the United States. Public Health
Rep 1940;55:2347-51

4. Bannister K. Relapsing fever (febris recurrens, Ruckfallfie
ber, spirillum fever, tick fever). Southwestern Medicine
1930;14:581-2

5. Closson HQ. Relapsing fever. J Kansas Med Soc 1934;35:53-4
6. Reynolds Fe. Relapsing fever: comments on its incidence in

Nevada. California & Western Medicine 1937;47:170-4

 at U
niversity of M

anchester on M
ay 8, 2015

http://cid.oxfordjournals.org/
D

ow
nloaded from

 

http://cid.oxfordjournals.org/


Tick-Borne Spirochetoses

7. Davis GE. Ornithodoros parkeri: distribution and host data.
Spontaneous infection with relapsing fever spirochetes.
Public Health Rep 1939;54:1345-9

8. Neilson WP. Report of a case of relapsing fever. JAMA
1940;115:125-6

9. Hemingway MW, Hemingway RW, Arneson VK. Relapsing
fever. Northwest Medicine 1940;39:362-4

10. Philip CB, Davis GE. Relapsing fever: data implicating Or
nithodoros hermsi as a vector in northern Idaho. Public
Health Rep 1940;55:504-7

11. Davis GE. Ornithodoros turicata and relapsing fever
spirochetes in New Mexico. Public Health Rep
1941;56:2258-61

12. Beck MD. California field and laboratory studies on relaps
ing fever. J Infect Dis 1937;60:64-80

13. Kemp HA, Moursund WH, Wright HE. Relapsing fever in
Texas. V. A survey of the epidemiology and clinical
manifestations of the disease as it occurs in Texas. Am J
Trop Med 1935;15:495-506

14. Palmer JH, Crawford DJM. Relapsing fever in North America
with report of an outbreak in British Columbia. Can Med
Assoc J 1933;28:643-7

15. Weller B, Graham GM. Relapsing fever in Central Texas.
JAMA 1930;95:1834-5

16. Wheeler CM, Herms WB, Meyer KF. A new tick vector of
relapsing fever in California. Proc Soc Exp Biol Med
1935;32:1290-2

17. Davis GE. Species unity or plurality of the relapsing fever
spirochetes. In: A symposium on relapsing fever in the
Americas. American Association for the Advancement of

Science publication no. 18. Washington, DC: American
Association for the Advancement of Science, 1942:41-7

18. Baltazard M, Pournaki R, Chabaud G. Sur les fievres recur
rentes a ornithodores. Bull Soc Pathol Exot Filiales
1954;47:589-96

19. Baltazard M. Sur le classement des spirochetes recurrents.
Ann Parasitol Hum Comp 1954;29:12-32

20. Geigy R, Mooser H. Studies on the epidemiology of African
relapsing fever in Tanganyika. J Trop Med 1955;58:199-201

21. Varma MGR. Transmission of relapsing fever spirochetes by
ticks. In: Arthur DR, ed. Aspects of disease transmission
by ticks. Symposium of the Zoological Society of Lon

don no. 6, 1962:61-82
22. Haberkorn A. Untersuchungen tiber das Verhalten von Ruck

fallfieberspirochaeten insbesondere der Borrelia
crocidurae-Gruppe in der Kleiderlaus. Zeitschrift fur
Tropenmedizin und Parasitologie 1963;14:95-114, 209-39

23. Davis GE, Hoogstraal H. The relapsing fevers: a survey of
the tick-borne spirochetes of Egypt. J Egypt Public Health
Assoc 1954;29:139-43

24. Pospelova-Shtrom MV. Tick-borne relapsing fever as a pub
lic health problem in the USSR [in Russian]. Med Parazitol
(Mosk) 1959;28:335-42

25. Thompson RS, Burgdorfer W, Russell R, Francis BJ. Out
break of tick-borne relapsing fever in Spokane County,
Washington. JAMA 1969;210:1045-50

26. Boyer KM, Munford RS, Maupin GO, Pattison CP, Fox MD,
Barnes AM, Jones WL, Maynard JE. Tick-borne relaps
ing fever: an interstate outbreak originating at Grand Can
yon National Park. Am J Epidemiol 1977;105:469-79

27. Fihn S, Larson EB. Tick-borne relapsing fever in the Pacific

939

Northwest: an underdiagnosed illness? West J Med
1980;133:203-9

28. Coffey EM, Eveland We. Experimental relapsing fever ini
tiated by Borrelia hermsi. I. Identification of major sero
types by immunofluorescence. J Infect Dis 1967;117:23-8

29. Coffey EM, Eveland WC. Sequential appearance of major
serotypes in the rat. J Infect Dis 1967;117:29-34

30. Felsenfeld 0. Immunity in relapsing fever. In: Johnson RC,
ed. The biology of parasitic spirochetes. New York: Aca
demic Press, 1976:351-8

31. Johnson RC. The spirochetes. Annu Rev Microbiol
1977;31:89-106

32. Kelly R. Cultivation of Borrelia hermsi. Science
1971;173:443-4

33. Stoenner HG, Dodd T, Larsen C. Antigenic variation of Borre
lia hermsii. J Exp Med 1982;156:1297-1311

34. Barbour AG, Tessier SL, Stoenner HG. Variable major pro
teins of Borrelia hermsii. J Exp Med 1982;156:1312-24

35. Burgdorfer W, Barbour AG, Hayes SF, Benach JL, Grun
waldt E, Davis JP. Lyme disease-a tick-borne spiroche
tosis? Science 1982;216:1317-9

36. Burgdorfer W, Barbour AG, Hayes SF, Peter 0, Aeschlimann
A. Erythema chronicum migrans - a tickborne spiroche
tosis. Acta Trop (Basel) 1983;40:79-83

37. Afzelius A. Erythema chronicum migrans. Acta Derm
Venereol (Stockh) 1921;2:120-5

38. Garin C, Bujadoux, Paralysie par les tiques. Joumal Medicale
Lyon 1922;3:765-7

39. Bannwarth A. Chronische lymphocytare Meningitis, entzund
liche Polyneuritis und "Rheumatismus." Ein Beitrag zum
Problem "Allergie und Nervensystem." Archiv fur Psy
chiatrie und Nervenkrankheiten 1941;113:284-376

40. Steere AC, Malawista SE, Snydman DR, Shope RE, Andi
man WA, Ross MR, Steele FM. Lyme arthritis: an epidemic
of oligoarticular arthritis in children and adults in three
Connecticut communities. Arthritis Rheum 1977;20:7-17

41. Steere AC, Batsford WP, Weinberg M, Alexander J, Berger
HJ, Wolfson S, Malawista SE. Lyme carditis: cardiac ab
normalities of Lyme disease. Ann Intern Med 1980;93:8-16

42. Schlesinger PA, Duray PH, Burke BA, Steere AC, Stillman
MT. Maternal-fetal transmission of the Lyme disease
spirochete, Borrelia burgdorferi. Ann Intern Med
1985;103:67-8

43. Weber K, Schierz G, Wilske B, Preac-Mursic V. European
erythema migrans disease and related disorders. YaleJ Biol
Med 1984;57:463-71

44. Johnson RC, Schmid GP, Hyde FW, Steigerwalt AG, Bren
ner DJ. Borrelia burgdorferi sp. nov.: etiologic agent of
Lyme disease. International Journal of Systematic Bac
teriology 1984;34:496-7

45. Ackermann R, Kabatzki J, Boisten HP, Steere AC, Grod
zicki RL, Hartung S, Runne U. Spirochaten-Atiologie der
Erythema-chronicum-migrans Krankheit. Dtsch Med
Wochenschr 1984;109:92-7

46. Pfister HW, Einhaupl K, Preac-Mursic V, Wilske B, Schierz
G. The spirochetal etiology of lymphocytic meningoradic
ulitis of Bannwarth (Bannwarth's syndrome). J Neurol
1984;231:141-4

47. .Asbrink E, Hovmark A, Hederstedt B. The spirochetal eti
ology of acrodermatitis chronica atrophicans Herxheimer.
Acta Derm Venereol (Stockh) 1984;64:506-12

 at U
niversity of M

anchester on M
ay 8, 2015

http://cid.oxfordjournals.org/
D

ow
nloaded from

 

http://cid.oxfordjournals.org/


940

48. SteereAC, Malawista SE. Cases of Lymedisease in the United
States: locations correlated with distribution of Ixodesdam
mini. Ann Intern Med 1979;91:730-3

49. Centers for Disease Control. Update: Lyme disease and cases
during pregnancy-United States. MMWR 1985;34:376-84

50. Burgdorfer W, Lane RS, Barbour AG, Gresbrink RA, An
derson JR. The Western black-legged tick, Ixodespacifi
cus: a vector of Borrelia burgdorjeri. Am J Trop Med Hyg
1985;34:925-30

51. Schulze TL, Bowen GS, Bosler EM, Lakat MF, Parkin WE,
Altman R, Ormiston BG, Shisler JK. Amblyomma
americanum: a potential vector of Lyme disease in New
Jersey. Science 1984;224:601-3

52. Anderson JF, Magnarelli LA. Avian and mammalian hosts
for spirochete-infected ticks and insects in a Lyme disease
focus in Connecticut. Yale J Biol Med 1984;57:627-41

53. Burgdorfer W, Aeschlimann A, Peter 0, Hayes SF,Philip RN.
Ixodes ricinus: vector of a hitherto undescribed spotted
fever group agent in Switzerland. Acta trop (Basel)
1979;36:357-67

54. Bosler EM, Coleman JL, Benach JL, Massey DA, Hanra
han JP, Burgdorfer W, Barbour AG. Natural distribution
of the Ixodesdammini spirochete. Science 1983;220:321-2

55. Anderson JF, Magnarelli LA, Burgdorfer W, Barbour AG.
Spirochetes in Ixodes dammini and mammals from Con
necticut. Am J Trop Med Hyg 1983;32:818-24

56. Loken KI, Wu C-C, Johnson RC, Bey RF. Isolation of the
Lymedisease spirochete from mammals in Minnesota. Proc
Soc Exp BioI Med 1985;179:300-2

57. Anderson JF, Johnson RC, Magnarelli LA, Hyde FW. In
volvement of birds in the epidemiology of the Lyme dis
ease agent, Borrelia burgdorferi. Infect Immun
1986;51:394-6

Burgdorjer

58. Levine JF, Wilson ML, Spielman A. Mice as reservoirs of
the Lyme disease spirochete. Am J Trop Med Hyg
1985;34:355-60

59. Lissman BA, Bosler EM, Camay H, Ormiston BG, Benach
JL. Spirochete-associated arthritis (Lyme disease) in a dog.
J Am Vet Med Assoc 1984;185:219-20

60. Magnarelli LA, Anderson JF, Kaufmann AF, Lieberman LL,
Whitney GD. Borreliosis in dogs from southern Connect
icut. J Am Vet Med Assoc 1985;186:955-9

61. Kornblatt AN, Urband PH, Steere AC. Arthritis caused by
Borrelia burgdorferi in dogs. J Am Vet Med Assoc
1985;186:960-4

62. Lane RS, Burgdorfer W, Hayes SF, Barbour AG. Isolation
of a spirochete from the soft tick, Ornithodoros coriaceus:
a possible agent of epizootic bovine abortion. Science
1985;230:85-7

63. Schmidtmann ET, BushnellRB, Loomis EC, OliverMN, Theis
JH. Experimental and epizootiologic evidence associat
ing Ornithodoroscoriaceus Koch (Acari: Argasidae) with
the exposure of cattle to epizootic bovine abortion in
California. J Med Entomol 1976;13:292-9

64. Storz J, McKercher DG, Howarth JA, Straub OC. Epizootic
bovine abortion. J Am Vet Med Assoc 1960;137:509-14

65. McKercher DG. In: Howard JL, ed. Current veterinary ther
apy: food animal practice. Philadelphia: W. B. Saunders,
1981:651-6

66. Gaud M, Morgan MT. Epidemiological study of relapsing
fever in North Africa. (1943-1945) Bull WHO 1947
1948;1:61-92

67. Burgdorfer W.Analyse des Infektionsverlaufes bei Ornithodo
rusmoubata (Murray) und der natiirlichen Uebertragung
von Spirochaeta duttoni. Acta Trop (Basel) 1951;8:193-262

 at U
niversity of M

anchester on M
ay 8, 2015

http://cid.oxfordjournals.org/
D

ow
nloaded from

 

http://cid.oxfordjournals.org/



