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INTRODUCTION
It is important for the clinician to remember
that vector-transmitted bacteria and protozoa
have a very long evolutionary history, which
spans millions of years. Many vector-borne
organisms, such as Anaplasma, Babesia, Bartonella, Ehrlichia, Leishmania and Rickettsia
species have an intracellular and intravascular
life style, which for certain organisms are obligate in nature.1 Obviously, this means that the
organism must reside within the cell of an
arthropod, such as a louse, flea or tick, or
within the cell of a mammalian host. As an
example, Rickettsia has lost several critically
important genes that are required for extracellular survival.2 In the absence of these genes,
Rickettsia species have developed mechanisms that allow intracellular survival by
manipulating selected biochemical pathways
within the mammalian cell. For the clinician, it
is critical to recognize evolutionary adaptation
has facilitated complex interactions between
arthropod vectors, bacteria and protozoa and
mammalian reservoir hosts.

BACTERIAL ADAPTATION AND
COMPLEX DISEASE EXPRESSION
In some instances, disease expression occurs
when a vector-borne bacteria is transmitted
from a reservoir-adapted host such as a rodent

to a non-reservoir host, such as dog or man.3,4
Anaplasma phagocytophilum, Borrelia
burgdorferi, and Bartonella washoensis are
examples of organisms for which small mammals and rodents are seemingly healthy reservoirs, whereas transmission of these same
organisms to dogs or humans can induce
disease.3,4 In the case of A. phagocytopilum,
cats, dogs, horses and human beings can all
be infected following transmission by Ixodes
scapularis or Ixodes pacificus in the northeastern, northcentral and western United States.5,6
Numerous wild and domestic animals also
serve as reservoirs for specific host-adapted
Bartonella species. Transmission to cats, dogs
or humans can occur when a reservoiradapted Bartonella species is introduced by
a scratch, bite or arthropod vector into a
non-reservoir host species.4,7 Ehrlichia and
Anaplasma spp. inhibit apoptosis of monocytes and neutrophils respectively, so as to
selectively prolong the natural life span of
organism-infected cells.8,9 Obviously, this
ability to influence the rate of apoptosis would
infer substantial benefit to a group of organisms that have the ability to persist within the
host’s immune cells for a prolonged period of
time. Although as clinicians we perceive these
organisms as pathogens that induce disease,
bacteria and protozoa are merely attempting to
(continued next page)
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Although I am a proficient ultrasonographer and endoscopist, I am first
and foremost a board-certified veterinary internal medicine specialist with
an extensive background in clinical
practice, clinical problem solving,
and scientific research. While I have
always provided review of medical
records and case discussions, etc,
as part of routine services, I perform
relatively few in-depth internal
medicine consultations. However, I
believe that many cases scheduled
for ultrasound could benefit from a
more complete assessment of the
medical history, physical examination, and other information. Because
of my desire to provide the best
possible services for patients and for
veterinarians, I will now provide
internal medicine consultations in
conjunction with all routine services
at no additional charge as long as
the attending veterinarian provides
a case summary at the time of the
exam. These summaries do not need
to be lengthy or time-consuming.
We will provide consultation request
forms for all veterinarians upon request so that a concise summary of
the case history may be completed
prior to the scheduled appointment.

F 305.604.3860

advancedvetmed.com

(Persistent Blood-Borne Infections continued)
protect and perpetuate their species through
highly sophisticated adaptive mechanisms.
These evolutionary relationships, as well as the
requirement that the mammalian host serve as
a reservoir for future generations of Ehrlichia,
would suggest that it is not in the best interest of
vector-transmitted organisms to induce immune
recognition and disease (ehrlichiosis) in the host
animal. In this context, disease develops when
the organism, the host, or perhaps the veterinarian (providing an antigenic challenge via vaccination or suppressing the immune system by
administering corticosteroids) induces a state of
immunological imbalance in the cat or dog that
is persistently infected with one or more bloodborne organisms.

IMMUNE RECOGNITION
AND DISEASE EXPRESSION
The development of disease in an animal
infected with an obligate intracellular organism
would seem to represent a strategic error on
the part of the organism. Excessive immune
recognition of an organism that can persist
within erythrocytes (B. canis or B. gibsoni),
the vascular endothelium (i.e. Bartonella
henselae) or within circulating immune cells
(i.e. E. canis in monocytes or Anaplasma
phagocytophilum in granulocytes) would
result in cellular damage, induction of autoantibodies, excessive generation of immune
complexes or elimination of the intravascular
niche for the organism’s perpetuation. In the
context of infectious diseases, it has been
suggested that circulating macrophages
represent the “Trojan Horse” for a variety of
intracellular pathogens.10,11 Once infected,
monocytes disseminate organisms throughout
the body. Differences in immune reactivity to
various organisms also influences disease
expression and severity.12 In this regard, R.
rickettsii frequently causes severe life-threat-

ening disease in dogs and man, whereas other
phylogenetically-related spotted group Rickettsiae such as R. montana or R. rhipicephali
are not considered pathogenic in non-immunocompromised individuals.13 Following
tick transmission, Rickettsia rickettsii is rapidly
recognized by the innate, humoral and cellmediated immune systems of the dog and
man, resulting in an acute, febrile illness and
rapid elimination of the rickettsiae, followed by
long lasting (perhaps years) immunity.14 Regardless of the factors that induce alterations
in immune recognition, the consequences in a
chronically infected animal could include immune-mediated hemolytic anemia (babesiosis,
bartonellosis), immune-mediated thrombocytopenia (anaplasmosis, babesiosis, bartonellosis, ehrlichiosis), vasoproliferative lesions
such as peliosis hepatis secondary to B.
henselae or glomerulonephritis secondary to
immune complex deposition (borreliosis [Lyme
nephropathy], ehrlichiosis, leishmaniasis).15-17

in I. scapularis infested dogs from the north
eastern or north central United States can
approach 50-90% respectively.18,19 Using
serology as a sole means of diagnosis could
result in a substantial number of false positive
diagnoses of ehrlichiosis, anaplasmosis or
(continued next page)

BLOOD AS A MICROBIAL ECOSYSTEM
Although counter intuitive, it is increasingly
obvious that microorganisms, including
Anaplasma, Babesia, Bartonella, Borrelia,
Chlamydia, Ehrlichia, Leishmania, Mycoplasma species and retroviruses can persist
in the blood or other tissues of animals for
protracted periods of time (months to years).
The same evolutionary adaptations that facilitate organism persistence also complicate
clinical confirmation of disease causation. This
is particularly true when assessing diagnostic
test results for an individual patient residing in
a highly endemic area for various blood borne
infections. For example, Ehrlihicha canis
seroprevalence in Rhipicephalus sanguineus
infested dogs from Texas can be extremely
high (25-40%), whereas the A. phagocytophilum and B. burgdorferi seroprevalence

AVM BRINGS NEW STATE-OF-THE-ART TECHNOLOGY TO VETERINARY PRACTICES
In conjunction with Cuattro/Esaote North America and Karl Storz Veterinary Technology, AVM has invested in
new equipment and training that continues to provide the state-of-the-art veterinary technology and expertise
to our community…
1. Esaote MyLab Alpha ultrasound system – This is the newest gold standard in mobile ultrasound technology,
with unparalleled image quality and capability in patients of all sizes. In addition, Cuattro provides a true
cloud storage system which will allow AVM clients to access patient exams quickly and efficiently.
2. Storz Tele Pack Vet X – This is the newest gold standard in mobile endoscopy technology. It is a portable
multimodal digital endoscopic system capable of gastrointestinal, respiratory (upper and lower), and
genitourinary examination, sample collection, etc. A high-definition screen, powerful processor, versatile
camera systems, and other features make it a powerful diagnostic tool. In addition to routine GI procedures,
we will now be offering video rhinoscopy, bronchoscopy, and cystourethroscopy (eg for urolith removal,
incontinence, recurring uti, neoplasia, etc.). Please call to discuss case selection and pricing.
AVM remains committed to its collaboration with small animal practices in our community. Providing the most modern technology is part of our
ongoing commitment. In order to help veterinarians take advantage of our full array of technology and services, we will also be providing our clinics
with brochures that will allow veterinarians to help pet owners understand our role in patient care and support of veterinary practices.
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(Persistent Blood-Borne Infections continued)

®

CE SEMINAR
UPDATE
In February of 2012, AVM held its
first sold-out continuing education
seminar at the Palms Hotel and
Spa in Miami Beach. This meeting
provided 16 hours of RACE-approved continuing education over
2 ½ days and featured practical
cutting-edge topics in internal
medicine, clinical pharmacology,
and clinical oncology. Speakers
included internationally recognized experts Dr. Philip Bergman
(oncology) and Dr. Lauren
Trepanier (internal medicine,
pharmacology), along with a brief
appearance by AVM’s Dr. Jeff Toll.
Veterinarians from the U.S. and
Canada were in attendance, including a variety of general practitioners and specialists in internal
medicine, cardiology, and neurology. The meeting was informative,
interactive, intimate, and inspiring, and exit reviews from the attendees were uniformly excellent.
Many local veterinarians have
been asking when our next meeting will be held. Future seminars
are being discussed at this time,
including possible one-day and
multi-day meetings. Speakers and
topics are also being compiled for
review, and future sponsors are
being identified. If you are interested in attending a future meeting and have input on topics,
number of credit hours, sponsorships, etc, please feel free to call
Dr. Toll or send an email to
jtoll@advancedvetmed.com.

borreliosis in regions in which the tick vector
and the organism are both highly prevalent
and transmission to dogs is frequent and repeated. In many instances, the role of chronic
and repeated infection with a spectrum
blood-borne organisms is not understood.20

POLYMICROBIAL INFECTIONS AND
COMPLEX DISEASE EXPRESSION
In most instances the influence of concurrent
or sequential infection with multiple vector
borne organisms on the host immune response is unknown. However, experimental
infection of rodents with B. burgdorferi and
A. phagocytophilum induces more severe
immunopathology than infection with either
organism alone.21-22 We have recently generated data to support an increased likelihood of
disease in dogs co-infected with B. burgdorferi and A. phagocytophilum. Under natural
exposure conditions, polymicrobial infection
may be much more complex than an experimental infection in which two organisms are
inoculated at a specific dose, to a specific
inbreed strain of mouse and administered at
a single point in time. For example, while
attempting to clarify an increase in unexplained deaths in a Walker hound kennel, we
were able to amplify DNA of up to six different
organisms (i.e. 6 different species from 4 different genera) from an EDTA-anti-coagulated
blood sample, obtained at a single point in
time.23 PCR data from several dogs in this
kennel identified complex patterns of co-infection with blood borne pathogens. The clinical
implications of this study suggest that large
breed hunting dogs with extensive tick, flea
and louse exposure can be simultaneously
infected (based upon detection of DNA) with
multiple blood-borne organisms. Secondly,
these working dogs appear to be “genetically”
capable of compensating to a substantial degree for simultaneous blood-borne infections
with bacteria, protozoa and rickettsiae.
However, over half of the dogs in the kennel
had ocular abnormalities, including anterior
uveitis, ocular hemorrhage or retinitis, generally accompanied by thrombocytopenia, mild
anemia and hyperglobulinemia.23 Finally, age,
sex, breed, nutritional status and variation in
the type and number of blood borne organisms would influence the pattern of disease
expression for each dog in this kennel.
Presumably, these same factors complicate
the clinical evaluation of individual cats and
dogs presented to veterinarians on a daily
basis which are infected with occult blood
borne organisms.15,24-26 Although considered
by the kennel owner to be functional working
dogs for deer hunting, it is likely that these
dogs were no longer in a state of immunological balance due to polymicrobial blood borne
infection. If the limited spectrum of PCR
testing utilized in our laboratory was able to
detect six different species of bacteria or
protozoa in a single dog, it is highly likely that
other organisms were present within the blood
ecosystem (kennel dogs) for which testing was
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not performed. Blood borne infections, such
as retroviral infections (FIV and FeLV) in cats
and Dirofilaria immitis infection in dogs are
well recognized causes or co-factors in disease
expression for which veterinarians screen on
a routine basis in clinical practice. Although
somewhat controversial, routine screening
for tick borne infections may prove to be a
rationale approach for the early detection
and therapeutic elimination of blood borne
organisms.
One possible conclusion, derived from recent
research, is that the mammalian body is an
ecosystem that encompasses a highly developed immune system that interacts constantly
with microorganisms on the skin, mucosal
surfaces and within blood and other tissues.
Imbalance in the blood ecosystem of dogs
with extensive vector exposure is rarely due to
a singular factor or event and is rarely precipitated by a single microorganism. Blood borne
infections can induce disease in many organ
systems because blood and infected blood
cells (erythrocytes, neutrophils and monocytes) are disseminated throughout the body
on a constant basis.

IMMUNOCOMPETENCE
AND DISEASE EXPRESSION
There are important variations in genetic backgrounds, age, sex, nutrition, sanitation, vector
exposure, drug history and potentially unrecognized contact with environmental toxins that
will affect immune balance and disease expression, even when several individuals are
acutely exposed to a single pathogenic microorganism. There does appear to be senescence of the immune system with advancing
age.27,28 Therefore, geriatric patients will have
a different immune response to a blood-borne
organism than younger, healthy individuals. In
many instances, defects in immune responsiveness are subtle and cannot be quantified
with current tests of “immune competence.”
Infection with B. henselae provides an excellent contemporary illustration of the direct relationship between a microorganism, disease
pathology and the immunocompetence of the
host.4,29 Following B. henselae transmission
by the scratch of a cat, most healthy individuals will not develop obvious signs of illness, or
will develop only an inoculation granuloma or
an inoculation granuloma and regional lymphadenopathy (cat scratch disease). Children
with incompletely developed immune systems,
adults with senescence of the immune system,
and individuals receiving immunosuppressive
drugs for systemic lupus erythematosus or following organ transplantation are more likely to
develop granulomatous inflammation involving
parenchymal organs, such as the liver, spleen
or lung (granulomatous hepatitis, splenitis or
pneumonitis).29 However, people infected with
HIV develop unusual pathologic lesions, such
as bacillary angiomatosis and bacillary peliosis, which in most instances resolve following
(continued next page)
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considered in this subdivision of patients.40-41

IMMUNOSUPPRESSIVE
DRUG ADMINISTRATION AND
BLOOD BORNE INFECTION

(Persistent Blood-Borne Infections continued)
appropriate anti-microbial therapy for B.
henselae.30 Therefore a major factor that determines disease expression is the immune
competence of the host, yet as mentioned
previously, there are no readily available tests
to effectively establish immune function in a
dog or cat in a practice setting.

CHRONIC INFECTION AND
DISEASE CORRELATIONS
Clinicians frequently make a distinction between infection, autoimmune, immune-mediated and neoplastic diseases. From a clinical
perspective, dogs with endocarditis, ehrlichiosis, systemic lupus erythematosus and cancer
can share similar or identical disease features
and laboratory test results. As is the case for
any clinical data generated by a clinician for a
patient, there are multiple interpretations for
each diagnostic parameter in a sick individual.
However, the overlapping occurrence of these
parameters in association with a somewhat localized infectious process (endocarditis), a
systemic vector-borne infection (ehrlichiosis),
an idiopathic immune-mediated disease (SLE)
and a plasma cell cancer illustrates the potential diagnostic complexity that might be encountered in the clinical setting. It also
indirectly supports the possibility that the arbitrary divisions among disease categories are
less than clear. It is now well recognized that
babesiosis should be a differential diagnosis
for dogs with immune-mediated hemolytic
anemia.31-33 It also appears that B. henselae
and B. vinsonii (berkhoffii) can serve as infectious causes of IMHA and ITP in dogs.34,35 Although considered a hallmark for SLE,
anti-nuclear antibodies have been described
in dogs’ with endocarditis, ehrlichiosis, leishmaniasis, bartonellosis and heartworm disease.36 Anti-platelet antibodies have also
been demonstrated in association with both
acute (Gram-negative sepsis and Rocky
Mountain spotted fever) and chronic (ehrlichiosis and babesiosis) infectious diseases.17
“Idiopathic immune-mediated” polyarthritis
can be documented in dogs with chronic
infections such as B. burgdorferi, B. henselae,
B. vinsonii subspecies berkhoffii, E. ewingii,
or L. infantum.19,34,35,37-39 Due to the relatively
low percentage of dogs that develop
polyarthritis or glomerulonephritis, when
infected with any of these organisms, one
might suspect that other factors, such as
concurrent infection with other microorganisms (Mycoplasma spp. perhaps) should be

Corticosteroids and other immunosuppressive drugs are frequently administered to
cats and dogs for the treatment of autoimmune or immune-mediated diseases.
It is well recognized that the administration
of corticosteroids or other immunosuppressive drugs can have devastating effects
in animals with specific infections, such as
histoplasmosis.42 However, few studies have
addressed the influence of corticosteroids on
the outcome of many infectious diseases.
One exception to this statement is the use of
high dose corticosteroids for the treatment of
sepsis, where meta-analysis of human sepsis
studies does not identify an increase in patient
survival.43 Needless to say, many dogs have
died during experimental studies in an effort
to prove efficacy for high dose corticosteroids
for the management of sepsis in people.
Currently, only physiological doses of corticosteroids are recommended for sepsis-induced
hypoadrenalcorticism.43,44 Obviously, it is
comparatively easier to study the influence of
immunosuppression on an acute infectious
process, as compared to a chronic infectious
process or a chronic polymicrobial bloodborne infectious disease. For example,
administration of anti-inflammatory or
immunosuppressive doses of prednisone in
conjunction with doxycycline did not induce
recognizable deleterious effects in dogs
experimentally-infected with R. rickettsii.45
This study was performed because our clinical
experience suggested that dogs infected with
R. rickettsii that received corticosteroids were
more likely to develop gangrene. Although a
deleterious effect was not found experimentally, this study does not prove that concurrent
use of immunosuppression is warranted in
dogs with Rocky Mountain spotted fever or
that the use of corticosteroids will not result in
an adverse outcome in selected individuals.
Of far greater complexity, the extent to which
concurrent or sole use of immunosuppressive
drugs influences the outcome of chronic,
occult infections is unknown. It is currently
our hypothesis that: “Clinicians unknowingly
administer immunosuppressive drugs to
animals with chronic infections in an effort to
treat idiopathic immune-mediated diseases,
such as IMHA, ITP and others.” Support for
this hypothesis has evolved from both clinical
and research observations. Examples include
finding Ehrlichia ewingii morulae in dogs with
idiopathic, immune-mediated polyarthritis
following immunosuppression,38 isolation of B.
vinsonii berkhoffii from a dog being immunosuppressed for a presumptive diagnosis of
SLE,46 isolation of a novel B. vinsonii berkhoffii
type II from a dog being treated with immunosuppressive drugs for lymphoma47 and the
detection of B. canis by visualization or PCR in
the blood of dogs being treated with immuno-
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suppressive drugs for IMHA or ITP.25 It is well
established that dogs chronically-infected with
B. canis will develop disease manifestations
when subjected to hard work, pregnancy and
lactation, stress or following administration of
immunosuppressive drugs.48 Recently, transmission of Babesia gibsoni has resulted in the
development of IMHA following dog bites, particularly from chronically infected American
pitbull terriers.48 Occult blood-borne infection
can persist in cats or dogs for prolonged
periods in a state of immunological balance.
A variety of factors can disrupt this state of
balance and ultimately result in disease
expression in an individual animal. As an
academic internist, I now more clearly understand the words of Voltaire, a famous French
philosopher, when he stated: “Doctors put
drugs of which they know little, into our bodies
of which they know less, to treat disease of
which they know nothing at all.”
REFERENCES: AVAILABLE ON REQUEST

Galaxy Diagnostics is an early
stage infectious disease testing
company, specializing in the
detection of Bartonella bacteria
and other difficult to diagnose
pathogens. Our novel, patented,
enrichment culture technology
facilitates the detection of
multiple species of bacteria
leading to an accurate diagnosis
and effective treatment of one of
the most significant and recently
discovered public health threats.
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