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Consensus Statements of the American College of Veterinary Internal Medicine (ACVIM) provide the veterinary
community with up-to-date information on the pathophysiology, diagnosis, and treatment of clinically important
animal diseases. The ACVIM Board of Regents oversees selection of relevant topics, identification of panel mem-
bers with the expertise to draft the statements, and other aspects of assuring the integrity of the process. The
statements are derived from evidence-based medicine whenever possible and the panel offers interpretive com-
ments when such evidence is inadequate or contradictory. A draft is prepared by the panel, followed by solicita-
tion of input by the ACVIM membership which may be incorporated into the statement. It is then submitted to the
Journal of Veterinary Internal Medicine, where it is edited prior to publication. The authors are solely responsi-
ble for the content of the statements.

Borrelia burgdorferi Infection and Lyme Disease in North
American Horses: A Consensus Statement

T.J. Divers @@, R.B. Gardner, J.E. Madigan, S.G. Witonsky, J.J. Bertone, E.L. Swinebroad,

S.E. Schutzer, and A.L. Johnson

Borrelia burgdorferi infection is common in horses living in Lyme endemic areas and the geographic range for exposure is
increasing. Morbidity after B. burgdorferi infection in horses is unknown. Documented, naturally occurring syndromes attributed to B.
burgdorferi infection in horses include neuroborreliosis, uveitis, and cutaneous pseudolymphoma. Although other clinical signs such as
lameness and stiffness are reported in horses, these are often not well documented. Diagnosis of Lyme disease is based on exposure to
B. burgdorferi, cytology or histopathology of infected fluid or tissue and antigen detection. Treatment of Lyme disease in horses is
similar to treatment of humans or small animals but treatment success might not be the same because of species differences in
antimicrobial bioavailability and duration of infection before initiation of treatment. There are no approved equine label Lyme

vaccines but there is strong evidence that proper vaccination could prevent infection in horses.
Key words: Disease; Equine; Lyme; Seroprevalence; Treatment; Vaccination.

he motile spirochete Borrelia burgdorferi sensu lato

complex is believed to be the predominant cause of
Lyme disease.'™ The primary North American genospecies
is B. burgdorferi sensu stricto, with Ixodid ticks being the
vector for transmission.*® The disease is common in
humans and occurs sporadically in dogs but in both species
some aspects of the disease remain controversial.”® Clinical
signs associated with the infection in humans include
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FISH fluorescent in situ hybridization

Osp outer surface protein

VLsE variable major protein-like sequence expressed

arthritis, carditis, erythema migrans, cutaneous pseudolym-
phoma, neurological involvement, and perhaps, chronic
infection leading to malaise and fatigue.9 In dogs, glomeru-
lonephritis is an additional syndrome of Lyme disease. 10

The exact pathogenesis of disease after B. burgdorferi infec-
tion in the horse is not known. After exposing ponies to B.
burgdorferi-infected ticks and necropsy 9 months later, the
organism was cultured most commonly from skin near the tick
bite as well as from connective tissue and muscle and around
nerves and blood vessels near synovial membranes.''™'® There
were no obvious clinical signs associated with infection in any
of the ponies. Microscopic lesions were restricted to the skin
and peripheral lymph nodes near the tick attachment sites in
most ponies, but some ponies had mild, nonsuppurative syno-
vitis, perineuritis, or meningitis. A lymphocytic plasmacytic
reaction within infected tissues is common after B. burdorferi
infection in humans'* and in experimentally infected ponies
this reaction was consistently observed and associated with the
highest concentration of the Borrelia organism.'' ™3

The immunopathology of Lyme disease in people is still
being elucidated, but many human patients have increased
markers of inflammation and there is a role for Th1, Th2, Th9,
Th17, and T-reg in the immunopathology of the disease.'*'?

Experimental equine infection studies'''*1¢ and case
reportle27 are sparse, limiting our understanding of both
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Table 1. Grade of recommendation or level of evidence
criteria.

Strong/Level 1—Evidence from a large retrospective study or
experimental study combined with comparative controlled trials or
multiple high-quality studies—further research unlikely to change
results.

Moderate/Level 2—Case reports supported by high quality
comparative studies—further research may change level.

Modest/Level 3—Clinical experiences by respected veterinarians and
authors supported by comparative studies—further research could
completely disapprove the interpretation.

B. burgdorferi infection and Lyme disease in horses. The
high seroprevalence for B. burgdorferi in adult horses in
some areas of North America®®>' and the paucity of
documented cases of Lyme disease have made B. burgdor-
feri infection and Lyme disease an extremely controver-
sial topic in equine practice. The purpose of this
consensus statement is to examine the entire body of liter-
ature regarding B. burgdorferi infection and Lyme disease
in horses and when evidence is sufficient, to make recom-
mendations regarding diagnosis, treatments and preven-
tion. Grade of recommendation or level of evidence
criteria is listed in Table 1.

Biology of Infection

Borrelia burgdorferi bacteria are not free-living organisms
and they quickly die outside of a host. They are maintained in
a 2-year enzootic life cycle that involves mammals and Ixodid
ticks: Ixodes scapularis in eastern North America and Ixodes
pacificus on the North American west coast.’> The white-
footed mouse in the east and gray squirrels in the west serve
as common reservoir hosts for the spirochete and provide a
source of spirochetes for /xodes larvae and nymph infection
with a continuation of the infection in adult ticks, whereas
deer or other large wild mammals help maintain the adult
Ixodes tick.**® Borrelia burgdorferi is transferred from the
tick gut to animals during blood meals. After tick attachment,
several hours are believed to be required to successfully trans-
fer the organism to a mammalian host.>” This time is needed
for the organism to down-regulate outer membrane lipopro-
tein OspA, which is important for survival in the tick gut but
its down regulation is also important in transmission of infec-
tion to a mammalian host.*® Conversely, B. burgdorferi outer
surface lipoproteins OspC and variable major protein-like
sequence expressed (VLSE) are up-regulated and are impor-
tant in the establishment of acute and chronic infections,
respectively.** OspC expression is not necessary to main-
tain infection and, after early infection, OspC is down-
regulated whereas VLsSE and other outer surface proteins
(Osp) such as OspF expression increases.'**'** The VLsE
protein has both invariant (eg, Cq peptide) and genetically
variable regions, with the variable regions providing an
important mechanism for immune evasion and persistence of
infection.*'** After infection the organism spreads locally
through connective tissue and in blood, allowing both local
and systemic dissemination to preferred tissues where it colo-
nizes and replicates.43

Seroprevalence

The seroprevalence of B. burgdorferi in dogs, horses and
humans is increasing nationwide, as is the range of the Ixodid
tick.*** Data strongly support the regional spread of /xo-
des ticks, and animal and human exposure to B. burgdorferi
in the Midwest, Pacific, and East Coasts of the United States.
A recent review of 6 different literature searches, documented
an increased incidence and prevalence of Ixodes scapularis
and /. pacificus in the United States within the last 20 years
(Fig 1).” Spread of Ixodes has predominantly occurred in the
Northeast from increased numbers in New York and north-
ward into Vermont, New Hampshire, Maine, and southern
Ontario, Canada. Ixodes distribution has also expanded into
Western Pennsylvania and Ohio. In the South, Ixodes has
increased in West Virginia, Virginia, and North Carolina. In
the Midwest, spread is predominantly thought to have begun
in Wisconsin, and then spread to Illinois and Minnesota and
from Indiana to both Illinois and Michigan. The greatest fac-
tors thought to affect spread were suitable climate and habi-
tats that support white tailed deer and mice, and included
waterways, river valleys and forests.>® In addition to studies
performed that collected ticks nationwide, regional and/or
statewide data are available in some cases.’’™ Part of the
challenge in reviewing the literature is that there has been no
standardized method or organization responsible for studying
some of the important changes in Ixodes populations and
B. burgdorferi presence or infection rates in dogs and horses
and, as a result, data sets are more limited than is ideal. There
are data on the temporal changes in seroprevalence of B.
burgdorferi in dogs.”* Based on 66,582 samples submitted to
the Vector Borne Disease Lab at North Carolina State Uni-
versity, data supports a temporal increase in B. burgdorferi
infection in dogs in the southern United States between 2008
and 2010.°* A baseline B. burgdorferi antibody prevalence
map (Fig 2) for dogs has been developed by a Bayesian
spatio-temporal model.* Tt might be expected that horses
would have a similar or even higher seroprevalence than
dogs in the same geographic areas™ because horses often
have equal or greater exposure to tick habitat and are less
likely to have tick preventative control treatments.

Horses—Seroprevalence

In comparison with regional or national studies on B. burg-
dorferi infections in dogs and people, meta-analysis compre-
hensive nationwide studies have not been performed in horses.
Additionally, biases were present in many of the published
equine investigations, with most having analyzed samples
from animals with clinical signs thought to be consistent with
Lyme. In one report, suspect Borrelia or Anaplasma phagocy-
tophilum infected horses from Connecticut and New York dur-
ing 1985-1999 were tested by whole cell enzyme-linked
immunosorbent assay (ELISA) and 59% were seropositive for
Borrelia.*” During a 1 year period (2011-2012), 8% of equine
samples from Lyme suspect horses in New York were positive
for OspC antibody suggesting recent infection in those
horses.*® An increased seroprevalence by indirect fluorescent
antibody (IFA) testing of suspected disease horses in Minne-
sota over a 10-year period (2001-2010) was reported, with a
mean of 58.7% of the tested horses being positive during this
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Fig 1. From Eisen et al J Med Entomol 2016°° with permission. Changes in county status for Ixodes scapularis and Ixodes pacificus from
December 1996 to August 2015. Black color indicates that county status already was established (black) or reported (gray) for /. scapularis or
I. pacificus and considered to be the same in this study. Red or orange color indicates that the status of a county changed from no records to
established (red) or from reported to established (orange). Green color indicates that the status of a county changed from no records to reported.

time period.*® By Luciferase immunoprecipitation systems for
antibody detection, a 94% seropositive rate was reported from
suspect clinical cases in Maryland horses.> In contrast, other
studies assessing seroprevalence on nonclinically biased sam-
ples ranged from 0.2% seroprevalence in Texas in 1991,
14.8% of horses from the Pacific Nonhwest,31 45% of normal
horses from the Northeast® and more recently, 33% of pre-
sumed healthy horses in southwest Virginia tested positive.29
While nationwide B. burgdorferi studies assessing both non-
clinically affected and suspected clinically affected horses do
not exist, the above seroprevalence data support both a high
and in some reports an increasing seroprevalence in horses in
several areas of the United States.

e There is strong evidence that equine B. burgdorferi
exposure is common in several geographic areas of
the United States. There is also strong evidence
that the geographic range for exposure is increas-
ing in horses. Serologic surveys have demonstrated
that clinically normal horses living in endemic
areas often have detectable antibody levels against
B. burgdorferi (Level 1).

Diagnosis of Infection

Diagnosis of current or previous infection with B. burgdorferi
is most commonly achieved via serologic testing. Positive test

results indicate presence of antibodies against B. burgdorferi at
the sampling time point and might represent different infection
stages depending on the test utilized. Commercially available
laboratory tests currently include indirect fluorescent antibody
test (IFAT),'””’ ELISA whole cell,'"** " Western blot
(WB),! 1113386162 4 a bead-based multiple antigen ELISA
assay (Multiplex).>®** A point of care ELISA kit (Cq SNAP)
marketed for dogs has also been utilized for testing horses.®
None of the tests consistently detect antibody until 3 or more
weeks after infection. There was no consensus to recommend
a specific test for diagnosis of B. burgdorferi infection or as a
measure of response to treatment. Specific test information is
summarized in Table 2.

A positive test result in the absence of previous vaccina-
tion indicates exposure from either a current or previous
infection. Regardless of test methodology, a positive result
does not prove causation of current clinical signs (clinical
infection) nor does a positive result predict whether infec-
tion is likely to cause clinical signs in the future. There is no
known correlation between magnitude of titer and likeli-
hood of disease. The WB and Multiplex assays may assist
in determining stage of infection (acute versus chronic) and
vaccination status.' "% Antibody against the OspC protein is
believed to develop within 3—5 weeks after infection and
generally disappears by 4-5 months as OspC expression is
down-regulated after infection is established. Possibly
because of antigenic variation in OspC, some dogs did not
have detectable OspC antibody after infection when tested
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Fig 2. Observed Borrelia burgdorferi antibody prevalence in domestic dogs for 2015.*> From Stella C. Watson et al PLoS One 2017 with

permission.

with the Multiplex assay66 and the same could be true for
horses. OspF antibody is first detected 5—-8 weeks post infec-
tion and may persist for many months or years, with or with-
out treatments.””®> Whole cell lysate assays such as IFAT
and ELISA do not distinguish between infection stages or
between natural infection and vaccination. Additionally, evi-
dence from dogs and horses suggests that whole cell lysate
assays can give false positive results attributable to cross-
reactivity with antibodies against common bacterial antigens
such as flagellar proteins,67_69 and positive IFAT or ELISA
results therefore require confirmation of infection by WB.
Serologic surveys have demonstrated that clinically normal
horses living in endemic areas often have detectable antibody
levels against B. burgdorferi®®*?*° Therefore, a positive
serologic test generally indicates current or past infection but
has low positive predictive value of disease.”>*"°

Many horses, including a high percentage of those that
receive antimicrobial treatments for B. burgdorferi, continue
to have positive serologic tests for several months or even
years.””° It has yet to be determined if the prolonged positive
serology is caused by persistence of infection with B. burgdor-
feri (either as motile spirochete or non-motile persister forms),
reinfection in some cases, or continued IgG production against
Borrelia antigens after elimination of the organism. All ponies
that were experimentally infected with B. burgdorferi and
untreated had persistent whole cell ELISA and WB antibody
and remained infected with live culturable organisms 9 months
later, confirming that chronic infection is possible in horses.

Horses can become whole cell ELISA and Cg negative after
antimicrobial treatment.'>**>7" In the pony experimental
infection, whole cell ELISA and Cg titers went from positive
to negative by 4 months after antibiotic treatments and corre-
sponded to elimination of the organism as documented by
postmortem culture and polymerase chain reaction (PCR)
testing.'>®> Therefore, based upon the experimental pony
studies, it seems possible that horses with persistently
increased antibody levels are chronically infected. However,
naturally infected horses might also maintain increased anti-
body levels caused by reinfection/exposure or continued
immune response in the absence of infection. Although OspA
is generally considered to be a vaccine-induced antibody,
early, transient and small increases may occur after natural
infection and in a small number of non-vaccinated horses,
high and persistent OspA antibody levels may be found.*’
The clinical importance of chronically high OspA antibody in
non-vaccinated horses is undetermined but in humans it been
associated with chronic infection and disease development.”"
Recommendation for serologic testing of horses at select
examinations (eg, purchase exams or wellness exams) in the
absence of compelling clinical signs compatible with Lyme
disease is not supported by current literature or research
data. This might be explained to the owner as being similar
to equine protozoal myeloencephalitis (Sarcocystis neu-
rona) testing in healthy horses. High seroprevalence after
natural infection in healthy horses in many regions, absence
of knowledge on vaccination status in some horses and
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persistence of antibody levels posttreatment makes such
testing of low positive predictive value for current or future
disease, !1:28:29.70.72-74

Negative test results are believed to have a high negative
predictive value unless the horse is acutely infected (less
than 1 month), immune-compromised or if infection is
localized to an immune privileged site such as the eye and
central nervous systems.?' %%

Strain variation in North American B. burgdorferi exists
but its importance in diagnostic testing and treatment suc-
cess is unknown.” Whole cell ELISA, WB, and Cg4 assays
used to detect B. burgdorferi antibodies might also detect
antibodies to B. mayonii, a recently reported Lyme borrelio-
sis organism found, so far, only in the mid-western United
States.”> Antibodies to B. miyamotoi, a non-Lyme disease
spirochete found in Ixodes ticks in the Northeastern United
States, will not be detected by current serologic tests used
for B. burgdorferi antibody detection.”® Although B. miya-
motoi, B. bissettii, and B. mayonii have been found in Ixodes
ticks in parts of the United States, there are currently no
reports of equine infection with any of the 3 organisms.
Testing for B. miyamotoi (WB antibody and PCR) can be
performed at some Northeastern veterinary diagnostic
laboratories.

Antigen detection tests can be used when potentially
infected tissues or samples such as; skin biopsy, cerebrospinal
fluid, ocular fluid, or synovial fluid are available. Multiple
techniques have been utilized, including PCR, immunohisto-
chemistry, fluorescent in situ hybridization (FISH), and silver
staining. Culture can also be attempted but has proven to be
difficult. The sensitivity and specificity of these techniques in
clinical equine cases have not been evaluated.

e Regardless of serologic test methodology, a posi-
tive result does not prove causation of clinical
signs nor does it predict whether infection is likely
to cause clinical signs in the future. Therefore, a
positive serologic test can be interpreted as evi-
dence of current or past infection but has low posi-
tive predictive value of clinical disease (Level 1).

e The authors believe that serologic testing should in
general not be recommended in healthy horses in
high seroprevalence areas (Level 2).

e Evidence is not available to absolutely determine
if the prolonged positive serology observed in
many treated and untreated horses is due to per-
sistence of infection with the Borrelia organism.

e Although OspA antibody is commonly associated
with prior vaccination, a small number of unvacci-
nated horses have persistently high OspA antibody
levels.

Clinical Disease

The best-documented naturally occurring syndromes attrib-
uted to B. burgdorferi infection in horses include neuroborre-
liosis, uveitis, and cutaneous pseudolymphoma. Both sporadic
case reports and a more recent retrospective study with post-
mortem examination and ancillary testing document clinical
findings indicative of neuroborreliosis.'®**?*?*?7 Clinical
findings and disease course in these studies were variable but

clinical signs included; atrophy of spinous muscles, dyspha-
gia, laryngeal dysfunction resulting in respiratory distress,
facial paresis, spinal cord ataxia and paresis, behavioral
changes, hyperesthesia, fasciculations, neck and back stiffness
with pain. Fever was inconsistent and most often absent in the
reported cases of neuroborreliosis.*® Duration of neurologic
dysfunction before death ranged from 2 to 730 days, with a
median of 120 days.”® Additional systemic signs in horses
with neuroborreliosis might also be present, including uveitis,
joint effusion, and cardiac arrthythmias. Although signs of cra-
nial nerve dysfunction, radiculoneuritis, and meningitis are
the most common clinical presentations, these findings can
mimic several other equine neurologic disorders.
Uveitis occurs when spirochetes infect the eye.
Clinical findings usually include severe and most often bilat-
eral ocular disease consistent with chronic uveitis, including a
yellow-green fibroid aqueous humor, aqueous flare, syne-
chiae, miosis, preiridal fibrovascular membrane formation,
and other iris changes such as rubeosis iridis and loss of cor-
pora nigra. Horses with Borrelia-associated uveitis may
simultaneously show signs of neuroborreliosis or subse-
quently develop neurologic disease; 8/9 horses with uveitis in
published reports had neuro-ocular borreliosis.' %32
Cutaneous pseudolymphoma associated with B. burgdor-
feri infection has been reported in 1 horse and was charac-
terized by dermal, papular to nodular lesions that occurred
at the site of the tick bite.>* Histologic evaluation was sug-
gestive of lymphoma but immunohistochemistry revealed
mixed lymphoid hyperplasia and Borrelia PCR performed
on the tissue was positive. This lesion was also found in
experimentally infected ponies.'! Borrelia-associated cuta-
neous pseudolymphoma should be considered for horses in
endemic regions with focal infiltrative skin lesions, particu-
larly if the site corresponds to that of a known tick bite.
Anecdotal reports and a 2009 survey of equine practi-
tioners in the Northeastern United States suggest a plethora
of not—well-—documented clinical signs associated with
Lyme disease in horses, most commonly stiffness and shift-
ing leg or intermittent lameness.?®*”77 There is little research
or overt clinical data to document generalized lameness and
stiffness as an equine Lyme disease syndrome. The frequent
clinical association of these signs with Lyme disease might
be plausible though, based on our knowledge that B. burgdor-
feri is commonly found in synovial membranes after equine
experimental infection and abnormal lympho-plasmacytic
synovitis was found in 1 experimentally infected pony.'""
There are 4 clinical case reports documenting B. burgdorferi
infection with lympho-plasmacytic synovitis and lameness in
horses.'®2°2% All of the horses in these clinical reports had
marked joint or tendon sheath fluid distention, which is not
what is commonly reported in the majority of presumed but
unconfirmed equine Lyme lameness cases.”®”" Ina survey of
equine practitioners regarding Lyme disease in horses, behav-
ioral changes, hyperesthesia, and muscle wasting were also
reported and could be attributed to neuroborreliosis or to
lymphocytic-histiocytic and plasmacytic inflammation of the
deep dermis, muscle, and the panniculus.'***® Although
anecdotal, web-based, reports of equine Lyme disease caus-
ing laminitis, headshaking, hepatitis, nephritis, or fistulous
withers can be found, there is little research and no overt

17,20,23,26
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Proposed Criteria for Antemortem Diagnosis of Equine Lyme Disease

[ Probable Exposure to Borrelia burgdorferi |
|

|—Clinical Examination and Clinical Signs Compatible with Equine Lyme Disease*

| Rule Out Other Diseases® |

| serological Testing (ELISA/WB, Muttiplex, C6) |

/

Negative

If clinical signs are joint swelling,

Neurological signs and/or uveitis

If still suspicious of Lyme

lameness, st{ffness; dermatitis, etc. (thoroughly rule ou: other causes) I_lp"‘m‘“’ | DI.se:Ise ::s: ufmgla.l:othe:‘d
J . test should be ELISA/WB, or
h led $
Confirm that other possible causes are ruled out } f Cerebrospinal fluid or ocular fluid collectuil Multiplex)
Biopsy of synovium or skin, Borrelia 1. Cytology - T protein/pleocytosis l
burgdorferi antigen and histopathology 2. Serum: CSF Borrelia burgdorferi Negative
antibody ratiotesting Unlikely to be Lyme Disease unless
Cj 8 i CVID**
Response to treatment: Positive 3. . Antigen mmIg pmfent
pseudolymphoma. Obtain lymphocyte count and serum
\ Positive results for 1 out of 3 globulin concentration
I; [stiffness

P possible Lyme Disease
poor diagnostic value \ / l

[ Clinical diagnosis of Lyme Disease |

Positive results for 2 outof 3
probable Lyme Disease

*Documented syndromes (neurobelliosis, uveitis, pseudolymphoma of the skin). Uncomfirmed observational evidence for Lyme disease, e.g., lameness,

swollen joint or tendon sheath, myocarditis, and arrhythmias.

*This is of paramount importance due to both low positive predictive value of serologic testing and the lack of clinical data on Lyme disease in horses.

**Common variable immunodeficiency.
Fig 3. Criteria for diagnosing equine Lyme disease.

clinical data to support the claims. The range of specific clini-
cal signs associated with Lyme disease is certainly in need of
further experimental and epidemiological evaluation, but
future progress might well be on a case by case report basis.

e The best—documented, naturally occurring syn-
dromes attributed to B. burgdorferi infection
include neuroborreliosis, uveitis, and cutaneous
pseudolymphoma.

e The association of B. burgdorferi infection with
stiffness and lameness in horses is not well docu-
mented and there is no evidence of the infection
causing laminitis.

e The actual range and specific clinical signs associ-
ated with Lyme disease needs further experimental
and epidemiological evaluation.

Diagnosis of Disease

Definitive diagnosis of clinical Lyme disease in horses is
challenging. Positive serology merely confirms past expo-
sure or present infection but does not confirm clinical dis-
ease. Many other equine diseases share similar clinical signs
to Lyme disease, making the diagnosis difficult and raising
the strong possibility that Lyme disease is over-diagnosed in
areas with a high seroprevalence.”®

Several criteria for making a diagnosis of Lyme disease in
humans have been suggested and are listed in the following
sentences.”’ Possibility of exposure to Borrelia-infected ticks,
based on geographical location or travel history, should be a

prerequisite for consideration of clinical Lyme disease. Clini-
cal signs caused by Lyme disease are variable based on the
clinical syndrome present. Ruling out other diseases that
might cause similar clinical signs is likely the most important
aspect (Level 1) of working toward a diagnosis of Lyme dis-
ease (Fig 3). When considering equine neuroborreliosis, dis-
eases with similar neurologic signs such as equine protozoal
myeloencephalitis, viral encephalitis, and other causes of rad-
iculoneuritis must be ruled out. When considering ocular or
dermatologic manifestations of Lyme disease in horses, dis-
eases such as Leptospira spp. associated uveitis and cutane-
ous lymphoma, respectively, must be ruled out. Unlike with
human Lyme disease, the classic cutaneous erythema migrans
has not been noted in the equine after experimental or natural
infection. Other causes of subtle gait abnormalities, stiffness,
or lameness, should also be ruled thoroughly out before even
a tentative diagnosis of Lyme disease is made in horses with
those signs. This is especially important in sport horses that
may have one or more of these signs caused by a variety of
infectious or noninfectious causes. Borrelia burgdorferi co-
infection with A. phagocytophilum is reported in horses and
signs characteristic of A. phagocytophilum infection such as
fever, partial anorexia, and sometimes ataxia followed by leg
edema, and icterus should not be mistaken as signs of Lyme
disease.”® When these clinical signs are reported, the diagnos-
tic priority would be to perform PCR testing of whole blood
for A. phagocytophilum rather than Lyme testing.

Evidence for prior or current infection with B. burgdor-
feri, as demonstrated by positive serology, is present in
most Lyme cases but the positive predictive value is very
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624 Divers et al

low because of the high incidence of exposure in many geo-
graphic locations. Some horses with clinical disease, espe-
cially neuroborreliosis, are seronegative.zz'z'%’26 Causes for
absence of seroconversion are frequently unknown, but
include location of B. burgdorferi in an immune privileged
site within the host such as the eye or central nervous sys-
tem, recent infection (<1 month), and abnormal host
response as documented in cases with common variable
immunodeficiency syndrome.21 26

Demonstration of intrathecal antibody production may be
supportive in cases of neuroborreliosis but can be mislead-
ing in many cases.”® Laboratory dilution of serum and cere-
brospinal fluid (CSF) must be considered in the calculation,
depending upon the serologic methods used. For example,
when testing with the Multiplex assay, the serum is tested
at a dilution of 1:400, whereas CSF is tested undiluted.
Therefore, to estimate the serum to CSF ratio after
Multiplex testing, 1 group proposed accounting for this dilu-
tion by multiplying the serum results by 400 and then divid-
ing by the CSF result. If the ratio is less than 130:1, which
is the approximate normal serum to CSF IgG ratio,*® then
intrathecal antibody production against B. burgdorferi is a
consideration.”® However, there are assumptions made both
on the linearity of the antibody ratio testing and permeabil-
ity of the blood-brain barrier, which is likely abnormal in
most neuroborreliosis cases, in making this calculation.
Additionally, ratio cutoffs have not been validated. There-
fore, using serum to CSF B. burgdorferi antibody ratio in
the diagnosis of neuroborreliosis can be confusing and
should not be considered a gold standard test (Level 1).

Cytology of specific fluid samples can be supportive of
Lyme disease. Cerebrospinal fluid analysis is often abnor-
mal, and either a neutrophilic or lymphocytic pleocytosis,
increased total protein, and/or xanthochromia are found in
most neuroborreliosis cases (Level 2).26’27 In humans with
neuroborreliosis, lymphocytic pleocytosis is the predomi-
nant cytologic finding; this might not be the case in horses
with the disease.*"!

Spirochetes might be identified on cytology of the vitre-
ous humor from Lyme uveitis cases but have not been
observed in the CSF of horses with Lyme neuroborrelio-
sis.” Antigen testing should be performed when suspect
infected tissue or fluid samples are available. Positive PCR
testing of affected fluids such as CSF, synovial fluid, or ocu-
lar fluids and skin biopsy confirms the presence of the orga-
nism or its DNA. Polymerase chain reaction testing of CSF
in suspected cases of Lyme neuroborreliosis is recom-
mended although the sensitivity is low.?"**?” A possible
explanation for this is that the organism resides mostly in
the meninges or parenchyma of the central nervous system
and not in the CSF. Synovial fluid PCR testing before anti-
biotic treatment is typically positive in human patients with
Lyme arthropathy82 but there are no similar studies on anti-
gen testing or even cytologic examination of synovial fluid
in lame horses suspected to have Lyme disease.

Histologic lesions observed in infected and diseased tis-
sues are predominantly lymphohistiocytic and plasmacytic
infiltrates, ! !+18:20-22:24 although necrosuppurative lesions
have also been described.”” These histopathologic changes
along with immunohistochemical, PCR or FISH detection

of Borrelia ssp. spirochetes or DNA have been found in
synovium, skin, meninges, and less commonly in brain on
postmortem examination of horses with signs consistent
with Lyme disease.'®?°?%?*2 These histopathologic and
sometimes grossly visualized meningeal lesions found in
horses with neuroborreliosis are generally quite
different from those found in other North American equine
infectious neurologic disorders and when these are
observed, B. burgdorferi antigen testing is strongly recom-
mended. Histopathology with antigen testing of synovial
membrane biopsies obtained antemortem in suspected clini-
cal cases of Lyme borreliosis has not been described but is a
possible avenue for diagnostic testing. Histopathologic fea-
tures of synovium in infected dogs have been described and
shown to be reliable indicators of Borrelia infection.®® If
synovial biopsies are performed in horses suspected to have
Lyme disease, both histopathology and antigen testing
should be performed, as presence of the organism alone in
the synovium would not be sufficient to prove causation of
disease.'*"!"!

A positive response to treatment with tetracyclines of sus-
pected cases of Lyme disease has been reported in clinical
practice.®** Tetracycline drugs have, however, been demon-
strated to have anti-inflammatory properties due in part to a
reduction of synovial matrix metalloproteinase-13.2>% In
horses with stiffness or lameness suspected to be caused by
Lyme disease, the anti-inflammatory effects of these drugs
might result in improvement regardless of Lyme status. Based
on this information, response to treatment with tetracyclines
is rarely recommended as a diagnostic modality for confirma-
tion of most Lyme disease syndromes in horses (Level 2).
Horses with neuroborreliosis and ocular manifestations of
Lyme disease typically have a poor response to antibiotic
therapy, therefore using response to treatment as a diagnostic
test in these cases is also likely to be misleading.*®

e Many equine diseases share similar clinical signs
to Lyme disease making the diagnosis difficult and
raising the possibility that Lyme disease is over-
diagnosed in areas with a high seroprevalence in
the horse population.

e Ruling out other diseases that might cause the clin-
ical signs in the horse being examined should be a
high priority before making a diagnosis of Lyme
disease (Level 1).

e In addition, antigen detection when possible should
be used to help confirm a diagnosis. Response to
treatment can rarely be used as a diagnostic modality.

e The most common histopathologic lesion of Lyme
disease in horses is a lymphohistiocytic and plasma-
cytic infiltrate. Gross thickening of the meninges
may be observed with equine neuroborreliosis.

Treatment

The ideal treatment regimen for equine Lyme disease is
unknown. Investigation is hampered by lack of a disease
model as well as the difficulty in establishing a definitive ante-
mortem diagnosis. Therefore, treatment recommendations
have been based on in vitro B. burgdorferi antibiotic
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susceptibility, extrapolation from human treatment guidelines,
available antibiotic pharmacokinetic data in horses, and a sin-
gle treatment trial in experimentally infected ponies.lz’m*93

Recommended treatments for Lyme disease in people vary
depending on stage of infection and whether neurologic or car-
diac involvement is presen‘[.94 For early human Lyme disease
manifesting as erythema migrans and associated clinical signs,
PO administered doxycycline, amoxicillin, or cefuroxime are
most commonly used with high success. Practice guidelines for
early stage human Lyme disease suggest a 2-week treatment
period, with longer periods generally having no additional ben-
efit.”*® Macrolides such as azithromycin, clarithromycin, or
erythromycin are sometimes used for patients intolerant of the
first-line antimicrobials. If meningitis and other manifestations
of early neurologic Lyme disease are observed, parenteral cef-
triaxone, cefotaxime, or penicillin G are frequently adminis-
tered for 2 weeks or more.”” Similar drug recommendations
apply for late Lyme disease manifesting with arthritis or other
signs but treatment duration is often extended to 4 weeks. Oral
doxycycline is reported to be as effective as parenteral adminis-
tered beta lactam drugs in many studies on human neuroborre-
liosis or chronic stages of Lyme disease.”®”® This might not be
true in horses, though, because of the low bioavailability of PO
administered tetracyclines in the horse in comparison to the
very high bioavailability in humans.***"%

Consistent with human guidelines, tetracyclines and
B-lactam drugs are most commonly used to treat equine
Lyme disease. Available evidence does not clearly support
use of one drug over the others. Although one of the experi-
mental pony trials investigated antibiotic treatment,'? it is dif-
ficult to draw firm conclusions from that study because there
were small numbers in each treatment group, none of the
ponies displayed clinical signs, and the drug dosages utilized
were somewhat different than what are currently used in clini-
cal practice. In that study, ponies were experimentally
infected and then treated with antibiotics for 28 days, starting
approximately 3 months after tick exposure. Four ponies were
administered tetracycline (5 mg/kg/day IV), 4 ponies were
administered doxycycline hyclate (10 mg/kg once daily PO),
4 ponies were administered ceftiofur sodium (2.2 mg/kg/day
IM), and 4 ponies were untreated.'* Based on serology return-
ing to baseline and postmortem tissue sample culture and
PCR results, infection was eliminated in 4/4 tetracycline-
treated ponies, 2/4 ceftiofur-treated ponies, 1/4 doxycycline-
treated, and none of the untreated ponies.12 These results led
some practitioners to recommend a month-long course of IV
tetracycline or oxytetracycline for suspect cases of equine
Lyme disease. Anecdotally, however, veterinarians and own-
ers perceive clinical treatment success in suspected cases of
Lyme disease with similar durations of treatment with either
doxycycline (10 mg/kg PO q 12 h) or minocycline (4 mg/kg
PO q 12 h) with less risk of an adverse event. Likewise, [3-
lactam drugs such as penicillin and cephalosporins are effec-
tive against Borrelia and theoretically appropriate for equine
Lyme disease, although these drugs require parenteral admin-
istration, may be cost-prohibitive and also have some risk of
toxicity.'® In the absence of neurologic or ocular disease, anti-
biotic choice for equine Lyme disease can be based upon the
recommended antibiotics for human Lyme disease, informa-
tion from the experimental pony studies, availability, ease of

administration, and pharmacokinetics of each drug in horses
in addition to cost and likelihood of adverse effects (Table 3).

In the authors’ experience and based on reports in the lit-
erature, successful treatment of equine neuroborreliosis is
difficult.®® This assertion is certainly biased, as definitive
diagnosis is often based on postmortem findings. However,
horses that have succumbed to neuroborreliosis have often
been treated for long periods of time (months) before death
with drugs that in theory should be effective (doxycycline,
minocycline). An explanation for this lack of treatment
response in horses may be the poor bioavailability of oral
doxycycline and minocycline in horses compared to humans
or that duration of infection and advancement of disease
before treatment is likely greater in horses than in humans.
There is evidence that chronic B. burgdorferi infections are
more difficult to treat than more recent infections.'*%'*!
Although speculative, it seems reasonable to recommend
similar treatment approaches for confirmed equine neuro-
borreliosis as those used in people. If financially feasible,
using parenteral high-dose penicillin (44,000 U/kg IV q
4-6h) or cefotaxime (25-50 mg/kg IV q 6-8h) might be
most effective. Ceftriaxone is commonly used in people
with chronic Lyme disease but this drug has been reported
to have a high incidence of adverse effects in adult horses
and therefore should be used cautiously, if at all (Level
2).'%% If these parenteral antibiotic administration options
are either cost-prohibitive or impractical, minocycline
(4 mg/kg or greater PO q 12h) is likely to be more effective
than doxycycline in treating neuroborreliosis because of bet-
ter blood-brain barrier penetration and evidence that mino-
cycline may help protect neuronal cells from
inflammation. %103 Likewise, horses with ocular involve-
ment should be treated with drugs that obtain levels above
B. burgdorferi MIC in ocular fluids. Limited information
regarding ocular penetration of systemic antibiotics in
horses is available; at currently recommended dosages, min-
ocycline reaches higher levels than doxycycline but its effi-
cacy for ocular borreliosis is unknown.’! Also, horses might
have end-stage ocular disease at the time of diagnosis, with
no chance of salvaging vision.

Some Lyme researchers blame treatment failures on
development of antibiotic resistant non-motile forms of
B. burgdorferi known as spheroplasts, round bodies,
L-forms, or cysts. These forms are thought to be less suscep-
tible to certain antibiotics such as tetracycline and (3-lactam
drugs but might be susceptible to metronidazole.'*+!%
However, current evidence does not support specific treat-
ment of these morphologic variants' %" and metronidazole
has poor in vitro activity against motile B. burgdorferi.”

Because of the myriad and often obscure clinical signs
attributed to Lyme disease in horses and the lack of clinical
trials evaluating and defining “treatment strategies,” the rec-
ommendations for treatment duration are not well defined.
Current laboratory and human patient research supports a
lack of resistance of motile Borrelia to antibiotic therapy,
that serological testing sometimes remain positive after
treatment, and that reinfection posttreatment might occur
and will affect serological results.'%® Therefore, use of sero-
logical markers such as a multiplex assay, western blot, or
Ce antibody in the determination of treatment duration
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might not be that beneficial. However, negative serological
tests (eg, Cg, ELISA) in ponies have been noted after treat-
ment with tetracycline, doxycycline, and ceftiofur'? when
treatment was begun 3 months after experimental infection.
A continual decline to negative range in antibody beginning
2-3 months after starting antibiotic treatment would suggest
successful elimination of the organism but treatment deci-
sions, either initial or prolonged, should not be based solely
on a quantitative antibody test (Level 2). It is apparent that
additional clinical studies need to be completed to deter-
mine guidelines for the duration of treatment of equine
Lyme disease and if there is any clinical significance of post
treatment serologic results.

e In comparison to treatment of Lyme disease in
humans, treatment of the disease in horses is com-
plicated by the difficulty in confirming the diagno-
sis, poor bioavailability of oral antibiotics
commonly used for treating Lyme disease in
horses and the longer duration of infection in
horses prior to beginning antimicrobial treatment.

e Oral and parenterally administered tetracycline
antibiotics and a select number of parenterally
administered (3-lactam antibiotics are the consen-
sus recommendation for treatment of horses with
confirmed Lyme disease (Level 2).

e Duration of treatment is not well defined in the
horse but should be based upon clinical response
and to a lesser degree decline in serum antibody
level. Treatment should not be based solely on
positive serology (Level 1).

Lyme Consensus—Ancillary Treatments

While antibiotic therapy remains the primary recommended
treatment for horses and other species afflicted with Lyme dis-
ease, ancillary treatments have been suggested. The use of
NSAID:s in horses with pain or neurologic signs suspected to
be because of Lyme disease remains common practice but
evidence of efficacy is lacking. In vivo experimental studies
in rhesus monkeys have shown that meloxicam does not
decrease levels of inflammatory mediators, dorsal root
ganglia-apoptosis, and inflammatory neurodegenerative
lesions in the nerve roots and dorsal root ganglia of B. burg-
dorferi-infected cells.'®''" Dexamethasone treatment in
humans with B. burdorferi infection has likely been associated
with both beneficial and harmful outcomes,110 with worse
long-term outcomes reported in one study.''! Although clini-
cal signs could improve transiently, the committee does not
recommend corticosteroids for equine Lyme disease except in
some cases of uveitis or neuroborreliosis that are both acute
and severe (Level 2). Acupuncture and herbal treatments have
been used as adjunctive treatments in horses with Lyme dis-
ease. In an uncontrolled study of suspect equine Lyme cases
there was observational evidence that these treatments subjec-
tively decreased cutaneous hyperesthesia believed to have
occurred secondary to B. burgdorferi-induced myofascial syn-
drome and neuritis.** In searching both veterinary and human
peer reviewed articles, we could not find data to confirm effi-
cacy of these treatments.

Treatment of Nonclinical Horses

It is assumed that horses in high-risk environments are
exposed to B. burgdorferi on a regular basis. Studies have
indicated an approximate exposure rate of 33% in presumed
normal horses in southwest Virginia.zg After titers in these
horses did not change nor did clinical signs develop after 5
months, indicating the low positive predictive value of sero-
logic testing for clinical signs of Lyme disease. Treatment
of nonclinical horses will result in treatment of many horses
when there is no indication for such, unnecessary expense,
increased risk of adverse events and inappropriate use of
antimicrobials. Therefore, it is in general recommended that
horses with clinical signs consistent with Lyme disease for
which other potential causes have been excluded be the only
seropositive animals selected for antimicrobial treatment.

e Treatment of nonclinical, seropositive horses will
result in the unnecessary treatment of many horses
resulting in unnecessary expense, increased risk of
adverse events and inappropriate use of antimicro-
bials (Level 1).

Prognosis

Making even modest recommendations regarding the
prognosis for horses with Lyme disease is complicated by
the difficulty of an antemortem definitive diagnosis and the
difficulty in experimentally reproducing clinical disease.
The prognosis for horses with Lyme disease appears vari-
able depending upon localization of infection and possible
chronicity of infection.

The prognosis for human cases of Lyme disease is gener-
ally good with early antibiotic treatment, with human
patients treated with antibiotics for Lyme disease having
cure rates around 90%."'? Approximately 10% of cases con-
tinue to show nonspecific signs such as fatigue and joint
pain. A subset of human patients with persistent clinical
signs leads to a diagnosis of chronic Lyme disease, more
commonly called posttreatment Lyme disease syndrome.
Most studies conclude that long-term antibiotic treatment of
patients with what is presumed to be chronic Lyme disease
does not affect outcome, although this is an issue of frequent
debate.'"?

The prognosis for seropositive horses that are treated for
vague or undocumented clinical signs believed to be Lyme
disease is unclear and in most cases Lyme disease is not
confirmed. It is also unclear whether antibiotic treatment
reliably eliminates the infection because many horses
remain seropositive for many months or even years after
antibiotic treatments.”® Clinical improvement reportedly
occurs in many adult horses suspected to have Lyme disease
despite persistent seropositivity; this also occurs in people
who can remain seropositive for 10 years after clinical
recovery.''* Therefore, persistence of positive serologic
results alone should not be linked to poor prognosis and
may be explained by persistence of antigen without disease,
reinfection, or long-term serologic memory.

The prognosis for horses treated for neuroborreliosis is
generally poor, with only a single case report of successful
treatment in the literature.>” The prognosis for horses with
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Lyme-induced uveitis is poor for restoration of vision.

Antibiotic treatment provided an excellent outcome in a
horse with Lyme pseudolymphoma.** Differences in prog-
nosis, poorer in horses versus humans with confirmed Lyme
syndromes, are likely related to duration of infection before
treatment and species differences in bioavailability of the
administered antibiotics.

Tick Control, Tick Protection, and Vaccination

Borrelia burgdorferi might be transmitted to humans and
small animals by adult, nymph, or larval stages of the
infected Ixodid ticks but in large mammals, adult female,
and nymphal Ixodes ticks are thought to be responsible for a
higher percentage of the B. burgdorferi transmission.''> The
adult females predominantly quest and feed in early spring
or late fall, times that horses would be at greatest risk for
infections. This is dependent upon environmental tempera-
tures in a region and in some colder parts of the United
States, adult female /xodes sp. ticks may be found on horses
in the winter after a thaw. Adult males are not thought to
take a blood meal or transmit the infection. Horse owners
should be encouraged to meticulously check their horses for
attached ticks and shown how to properly remove attached
ticks. Feeding Ixodes sp. ticks, once removed, can be tested
by PCR for B. burgdorferi but this is rarely recommended.
Studies evaluating the effectiveness of environmental man-
agement for tick control in horses have been relatively
sparse. A great deal of tick control measures is not equine-
specific, nor are they specific to the Borrelia vectored spe-
cies of tick, but are based on information from other species
in regards to tick control. “Tickscaping” practices should be
a part of the environmental control. Well maintained, dry,
sunlit, regularly disturbed, and clean areas tend to have
fewer ticks. Reduced exposure to woodland and woodland
edges is recommended.''® Pasture mowing, leaf and debris
clearing from pastures and if possible, exclusion of deer
from the surrounding area may be helpful.''” However, a
major reduction in risk of exposure is not expected from
environmental control.''® Ticks can survive in stalls and in
pastures regardless of winter conditions. Freezing and thaw-
ing have a more detrimental effect on ticks than do consis-
tently cold temperatures.''® It is reasonable to assume that
stalls can be tick preserves, even in the harshest winter con-
ditions. The use of environmental acaricides controlling
ticks in the equine environment would be expensive, poten-
tially toxic and unlikely to be highly effective.

Chemical protection of horses against tick attachment
includes wipe-on, pour-on and spray-on products containing
cypermethrin, permethrin, pyrethrins, or piperonyl butoxide,
which can provide at least several hours of protection. Dust,
dirt, perspiration, and water shorten protection time, making
reapplication a necessity. Permethrin, and other spot-on
products have been subjectively successful in repelling
ticks.''® There are commercially available equine-specific
“spot on” products that contain the above chemicals. Better
prophylactic treatments for tick control in horses are
needed.

The conclusion drawn from the results of one vaccination
study, using a challenge model, was that ponies could be

protected from B. burgdorferi infection when using an alu-
minum adjuvanted recombinant outer-surface protein A
(rOspA) vaccine.”® A recent publication identified that anti-
body concentration for OspA was markedly increased in
horses after administration of a nonadjuvanted “off label”
canine approved rOspA vaccine but there was a marked
decrease in antibody concentration by 4 months post vacci-
nation."" Another study evaluating horse response to 3 dif-
ferent canine Lyme vaccines (rOspA antigen and 2 whole-
cell bacterins) also showed that increased antibodies per-
sisted for less than 16 weeks after the initial vaccination
series.'?” Antibodies to the OspA vaccine were prolonged to
20 weeks when a booster vaccine was given after the initial
series.'”” Antibody responses were not affected by route of
vaccination (subcutaneous versus intramuscular), but were
increased with 2 mL versus 1 mL dose.'* In both studies,
serum antibody concentrations dropped significantly within
4 months after the last vaccination suggesting that if vacci-
nation is used in horses the timing of the vaccine should
coincide with time of peak adult female feeding which is
typically fall or early spring. Currently, information on a
protective OspA antibody titer are lacking, although in vitro
inhibition of B. burgdorferi was shown to diminish with
waning serum OspA antibody level."? Lyme vaccines con-
taining immunogenic OspA antigen have a unique feature
of inhibiting the Borrelia organism in the tick, preventing
natural exposure. The recommendation for use of a safe vac-
cine that protects against B. burgdorferi infection is some-
what dependent upon morbidity in infected horses, data that
is currently not available.

Equine and Human Lyme Disease—
Controversies and One Health

Controversies surrounding B. burgdorferi infection and
Lyme disease exist in both horses and humans, and this is
especially true for those patients with chronic or relapsing
nervous system signs, joint or muscle pain and lethargy that
remain seropositive for B. burgdorferi after antibiotic ther-
apy. In both species, recurrent or persistent clinical signs
and continued positive serology are generally considered
inadequate to confirm a diagnosis of chronic Lyme dis-
ease.””’*12! Unfortunately, there are no diagnostic tests
readily available to the practitioner to confirm the infection
status or pathology typical of Lyme disease in those
patients. Symptomatic (clinical) improvement after adminis-
tration of tetracycline antibiotics does not confirm a Lyme
diagnosis. The duration of treatment for horses and humans
with serologic evidence of chronic infection and with a clin-
ical diagnosis of Lyme disease remains controversial.'” In
both humans and horses, prolonged antibiotic therapy often
occurs with no clear indication for such in most cases.”®'**
There are clear guidelines for antibiotic treatments in
humans with early phase Lyme disease, but antibiotic treat-
ment recommendations made in humans cannot be directly
applied to horses because of antibiotic pharmacokinetic dif-
ferences between the species and that an early disease syn-
drome is rarely recognized in horses. The high number of
confirmed cases of Lyme disease in humans and the strong
evidence for geographic expansion of B. burgdorferi
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infection in both humans and horses, in addition to the low
success of tick control measures, have led to the question: is
it time for an approved Lyme vaccine?'*® An OspA vaccine
was previously shown to be effective in experimental ponies
and a similar vaccine was approved in the United States for
use in humans between 1998 and 2002; canine approved
vaccines are currently used off-label in some horse popula-
tions. There will undoubtedly be many questions, some con-
troversial, that arise regarding the need, efficacy, safety,
antigen preference, duration of immunity, and cost of an
approved human or equine Lyme vaccine.'**

In order to have a minimal understanding of Lyme dis-
ease in horses, equine veterinarians have relied heavily on
the vast amount of published information on human Lyme
disease. Knowledge gained from Lyme disease treatments,
longitudinal serology studies in both treated and untreated
horses, and equine vaccine studies, may be of comparative
value toward improved diagnostics and management in
human and canine Lyme disease. As horses, dogs and
humans are exposed to the same tick species and Borrelia
spp- pathogens, continued seroprevalence studies in horses
and dogs will likely be a good predictor of future infection
surveillance maps of Lyme disease in humans.

Future Directions

Additional experimental and epidemiological studies are
needed to determine the morbidity in B. burgdorferi-
infected horses and to identify the range of clinical signs
specifically associated with Lyme disease. It will be espe-
cially important to determine if stiffness, hyperesthesia, and
lameness are common signs of equine Lyme disease. The
development of an equine experimental infection model that
results in clinical disease would be helpful in determining
the range of clinical signs in equine Lyme disease, provide
an opportunity for controlled treatment trials, and allow
additional evaluations of currently available serologic tests.
Highly sensitive and specific antigen detection tests that
demonstrate B. burgdorferi within diseased tissue are
needed to permit better documentation of Lyme disease.
The determination of a vaccine protective antibody level
would be of benefit in evaluating vaccination protocols.
Finally, infection prevalence and disease investigations of
other Lyme or Borrelia spp. organisms that are known to be
present in North American Ixodes ticks should be
performed.
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