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Update on Feline Lyme Disease
Richard H. Jacobson, Ph.D. and John E. Saidla, D.V.M.
The furor over Lyme disease has not subsided since
it was first recognized in the United States several
years ago. In fact, the Center for Disease Control
reports that the prevalence of Lyme disease continues
to increase in the human population. Sim ilarly, it is
being recognized more frequently in dogs as a distinct
clinical entity. Lyme disease in cats, however, is not
well defined. Irrespective of whether increasing
prevalence rates in humans and dogs are due to
improved recognition of the disease or to an actual
increase in the number of cases, epidemiological
studies indicate that Lyme disease is spreading. This
is of concern to cat owners since so little is known
about Lyme disease in cats. The purpose of this
update is to clarify what we know and don’t know
about Lyme disease in cats. Because very few papers
have been published on feline Lyme disease, the

information presented has been derived mainly from
conversations with veterinarians who have provided
their impression of feline Lyme disease as seen in
their practices.
Difference in Disease Prevalence
in Dogs and Cats
Reports from veterinarians indicate that the prevalence
of canine Lyme disease (clinical signs confirmed by
high titers in serotests and/or responsiveness to
antibiotic therapy) may range from 10 percent to 30
percent in epidemic areas during the summer months.
Seroprevalence rates for dogs may range from 50
percent to 80 percent in these same areas. Although
highly responsive to antibiotic therapy, dogs may
exhibit repeated bouts of Lyme disease despite
possessing high antibody titers to B o r r e lia
burgdorferi, the causative agent o f Lym e disease.
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Because outdoor cats frequent the same habitat as
dogs, one might expect that the risk of Lyme disease
in outdoor cats would be sim ilar to that of dogs. This
does not appear to be the case. In practices which
have seen hundreds of cases of canine Lyme disease,
less than 2 0 cats were thought to have the disease.
This seems to be a common observation among
veterinarians practicing in endemic areas.
What Accounts for the Difference in Lyme
Disease Patterns in Dogs and Cats?
Are dogs more susceptible to tick bites than cats? In
a published study of 93 cats examined in Connecticut,
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23.7 percent had one or more stages of the Ixodes
dammini tick— the principal vector of Lyme disease
— attached. A veterinarian in a hyperendemic area
indicates that he sees ticks on cats more frequently
and in greater numbers than on dogs. However,
reports from other veterinarians statejust the opposite.
Ticks on cats usually are found in areas that are
difficult for the cat to groom, such as around the eyes.
Both cats and dogs are thus acceptable hosts for I.
dammini.

If cats and dogs are both infested by the tick, what
accounts for the apparent difference in disease
prevalence between these two species? Limited
seroprevalence data ffom cats suggest that 14 to 36
percent of cats may have antibody to B. Burgdorferi.
During the last 18 months at the Diagnostic Laboratory
at Cornell’s College of Veterinary Medicine, we have
examined 75 feline serum samples submitted for B.
burgdorferi titers. Eleven (15 percent) of these samples
were considered positive. In a commercial laboratory
which tests several hundred canine samples per day
for antibodies to B. burgdorferi, only 8 to 10 feline
samples are submitted each day for B. burgdorferi
serotesting. Although the canine seroprevalence rate
is about 50 to 55 percent in this laboratory, it was
estimated that only about 5 percent of feline samples
were positive, and that these titers were considered
“ weakly positive”. The small number of submissions
from cats for B. burgdorferi serology suggests that
the disease is not being clinically considered in cats
as often as it is in dogs.
A possible explanation for the reduced sero
prevalence in cats compared with dogs may be
grooming habits. B. burgdorferi is not transmitted to
the host until at least 10 to 24 hours after attachment
of the tick. If cats efficiently remove most ticks by
grooming shortly after they have attached, this could
explain the reduced incidence of disease in cats.
Another possible explanation is that cats are
physiologically more efficient at clearing the
spirochetes once they enter the cat. Cats simply may
be more resistant to the organism than are dogs. This
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would be consistent with the situation in deer. Deer in
endemic areas exhibit virtually no pathology despite
being the primary host for adult I. dammini which
may be heavily infected with B. burgdorferi. Since
there are considerable differences among mammals
in their susceptibility to B. burgdorferi, it is possible
that cats may be resistant to B . burgdorferi. In addition,
many dogs may be exposed to B. burgdorferi but
seem to never develop disease. Thus, there may be
variability in susceptibility to B. burgdorferi among
individuals of one species. For those reasons, there is
a great need for an experimental model of Lyme
disease in which animals can be infected and manifest
the disease in the laboratory. To date, however,
induction of Lyme disease in experimental animals
has been very difficult to accomplish. Until such
animal models are available, we are unable to explain
possible species variation in susceptibility to B .
burgdorferi.

(continued on page 8)
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Anemia in Cats (Part I)
Julia T. Blue, D.V.M., Ph.D.
Anemia is a decrease in the number of mature
erythrocytes circulating in blood. This decrease
can be due to loss of mature erythrocytes or
diminished production of erythrocytes by bone
marrow or to a combination of several mechanisms.
Most of the clinical signs of anemia— weakness,
decreased activity, increased heart and respiratory
rates, and pale mucous membranes— result from
the decrease of oxygen-carrying erythrocytes. Some
cats exhibit pica (eating unusual substances such
as cat box litter). Cats with slowly progressive
anemi a may show only subtle sign s until the anemia
becomes very severe. Anemia which develops
rapidly results in pronounced signs that appear
quickly. In the majority of cases, anemia is
secondary to other diseases, tends to be mild to
moderate, and improves if the primary disease is
corrected. In other cases, anemia is a primary
problem requiring specific treatment. Identifying
the cause or causes of anemia in an individual
patient can be a challenge that requires a series of
diagnostic procedures. However, correct diagnosis
of the cause of anemia is important in deciding how
best to manage an anemic patient.
Although anemia may be suspected on the
basis of clinical signs and physical findings, the
presence of anemia is confirmed by finding an
hematocrit (H CT) of less that 25% in a blood
sample. The presence of mild anemia can be masked
by hemoconcentration in dehydrated cats. Once
anemia is recognized, it should be characterized
further with the goal of determining the cause(s)
and appropriate treatment. The reticulocyte count
helps describe the anemia as regenerative or

nonregenerative. In general, blood loss and hemolytic
anemias are regenerative anemias with a high
reticulocyte count, whereas anemias due to erythroid
suppression have no increase in reticulocyte count. The
mean corpuscular volume (M C V ) of the blood sample
is used to classify the anemia on a morphologic basis as
normocytic, macrocytic or microcytic. Each piece of
information helps narrow the list of possible causes to
the ones that are actually present in a given patient.
Interpreting Reticulocyte Counts
There are two types of RNA-containing erythrocytes in
cat blood stained with 0.5% new methylene blue for
reticulocyte counting. The aggregate reticulocytes are
erythrocytes with clumps of blue-stained granules; there
is enough RNA in the aggregate reticulocytes to give
them a blue tint (polychromasia) in blood smears stained
with polychrome stains, e.g. W right’s DiffQuik. The
punctate reticulocytes have fewer, smaller blue
granules; these cells appear orthochromatic in the
routinely stained blood smear. The aggregate
reticulocytes mature into punctate reticulocytes—
punctate reticulocytes circulate in cat blood for up to ten
days before all the RNA is lost. The reticulocyte count
in cat blood is the percentage of aggregate reticulocytes;
punctate reticuloctyes are not included in the count. At
normal hematocrits, few reticulocytes are released at
the aggregate stage. Nonanemic cats have only 0.0 to
1 % aggregate reticulocytes, but may have as high as
10% punctate reticulocytes. With moderate to severe
anemia due to blood loss or hemolytic disease, the
healthy cat bone marrow increases the rate of
erythropoiesis and releases aggregate reticulocytes,
thereby raising the reticulocyte count. The aggregate
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reticulocyte count is a fairly good indicator of the
degree of the bone marrow erythropoietic response at
the time of sampling.
The reticulocyte count must be considered with
regard to the severity of anemia, the duration of
anemia, and other clinical findings to fully evaluate
whether anemia is regenerative or nonregenerative.
The severity of anemia is somewhat arbitrarily graded
as mild (H C T 20-25%), moderate (H C T 15-20%),
severe (H C T 10-15%) and very severe (H C T <10%).
Only a slight increase in aggregate reticulocytes is
expected for mild anemia, whereas a marked increase
should be seen in a healthy regenerative response to
severe or very severe anemia that has been present for
more than a few days. Lack of reticulocytosis in an
anemic cat may mean that the anemia is of extremely
recent onset or that the erythropoietic response is
suppressed by any of several mechanisms. Monitoring
the hematocrit over a period of days or weeks w ill
show whether the anemia is actually regenerative.
Types of Anemia
Anemia of Inflammatory Disease
Inflammation of any kind can produce anemia. The
anemia is usually mild to moderate and normocytic.
The reticulocyte count usually is not higher than 1 to
1.5%. An inflam m atory leukogram, increased
rouleaux, and high fibrinogen concentration usually
are frequent concomitant findings. The presence of
inflammation concurrent with blood loss or hemolytic
disease can blunt the erythropoietic response. Anemia
of inflammatory disease is a multifactorial disorder.
Erythrocyte life span is shortened by the acquisition
of IgG on the cell membrane and erythropoiesis is
suppressed. Proposed mechanisms of erythropoietic
suppression include serum inhibitors, suppression by
bone marrow macrophages, and abnormal iron
metabolism. Bone marrow typically has granulocytic
hyperplasia and high M :E. Erythroid cells are present
and morphologically normal but not numerous as
would be expected for uninhibited response to anemia.
Hemosiderin, not present in healthy cat bone marrow,
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accumulates if the condition is of sufficient duration.
Unless blood loss or hemolytic disease is concurrent,
specific treatment for anemia is not needed. Anemia
resolves if the primary disease is diagnosed and
corrected.
Anemia of Chronic Renal Disease
Chronic renal disease can produce mild anemia due
to decreased erythropoietin and possibly through the
effect of serum inhibitors of erythropoiesis. However,
many cats with chronic renal failure are not anemic.
Moderate to severe anemia in a cat with renal failure
should prompt investigation of sources of blood loss
or causes of hemolytic disease. Low M CV and low
serum iron concentrations, suggestive of chronic
blood loss, are found in many cats with renal failure
and moderate to severe anemia.
In most cases of chronic renal disease, the anemia
is mild, normocytic, and with less than 1 % aggregate
reticulocytes. Punctate reticulocytes are usually
present. Bone marrow is normal except that erythroid
hyperplasia is not evident. No treatment is needed for
mild anemia. Cats with moderate to severe anemia
may benefit from iron supplementation (see section
on blood loss anemia) if the anemia is microcytic.
Recombinant human erythropoietin has been used to
stimulate erythropoiesis in some cats.
Blood Loss
Acute loss of large volumes of blood is usually the
result of surgery or trauma; less common causes
in clude throm bocytopenia, coagulopathies,
hemangiosarcoma, and gastrointestinal ulceration.
The anemia can be any degree of severity. Most are
normocytic but can become macrocytic if severe and
accom panied by marked reticulocytosis. The
leukocyte pattern usually reflects stress and the platelet
count may be slightly low in the early stages.
Loss of smaller volumes of blood over a long
period can eventually produce microcytic anemia
due to iron deficiency. Causes of chronic blood loss
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include fleas, hookworms, occult gastrointestinal
bleeding, chronic immune mediated thrombo
cytopenia, and chronic hematuria or epistaxis. The
reticulocyte count i s variable but often is not increased.
Plasma protein concentration is low in many cases.
Platelets are increased in many cats with iron
deficiency.
Erythroid hyperplasia with normal granulocytes
and megakaryocytes is found in many cases. Lack of
hemosiderin in marrow is not an indication of iron
deficiency since hemosiderin is not present in healthy
cat bone marrow.
Transfusion of whole blood to replace volume,
plasma proteins, and erythrocytes is warranted for
cats with severe anemia. Crossmatching of donor and
recipient cats is not needed if the cats are domestic
shorthair, domestic longhair or Siamese since more
than 99 percent of these cats are blood type A.
Crossmatching to detect blood group incompatibility
is recommended if the cats are of breeds known to
have high frequency of type B blood. These breeds
include Abyssinian, Birman, British Shorthair, Devon
Rex, Himalayan, Persian, and Somali. Since type B
cats have strong alloantibodies against type A
erythrocytes, transfusion of a type B cat with type A
blood can cause immediate and fatal transfusion
reaction.
Cats with chronic blood loss anemia, especially if
microcytic, should receive iron supplementation. Oral
ferrous sulfate should be given at a daily dose of 50
to 1 0 0 mg. until the hematocrit is normal, followed by
half dosage for several months. Parenteral iron dextran
can be given in divided intramuscular injections at a
daily dose of 1 0 mg/kg for a few days.

several weeks and some kittens may become very
anemic (H CT <15% ) and microcytic (M CV <30fl).
By 12 to 15 weeks the H C T and M CV are usually in
the adult reference range. Heavy flea or hookworm
infestation can exacerbate this physiologic iron
deficiency. Iron supplementation is warranted for a
young, anemic kitten with heavy parasite infestation,
especially if there are clinical signs of anemia.
Aplastic Anemia
Although many textbook chapters and articles
reviewing anemia in cats state that aplastic anemia is
a common form of feline leukemia-associated anemia,
my experience has been that aplastic anemia is
extremely rare in cats. Nearly all FeLV-positive cats
with severe nonregenerative anemia or persistent
peripheral pancytopenia have some form of bone
marrow neoplasia. I have seen only a few cases of cats
with aplastic anemia, defined as hypocellular marrow
with decreased production of erythrocytes, platelets,
and granulocytes. Aplastic anemia in two cats was
attributed to cancer chemotherapy; in the other cats,
a cause was not determined. Humoral or cell-mediated
immune suppression of hematopoiesis appears to
underlie aplastic anemia in many patients of other
species.
Panleukopenia virus causes a transient aplastic
anemia in cats. Some drugs have the potential for
inducing suppression of hematopoiesis. These drugs
include griseofulvin, cytotoxic chemotherapeutic
agents, trim ethoprim /sulfa com bination, and
chloramphenicol. Neutropenia and thrombocytopenia
are usually more severe than anemia in patients with
virus or drug-induced bone marrow suppression.
Pure Red Cell Aplasia

Iron Deficiency in Kittens
Many kittens go through a stage of iron deficiency
anemia between one and ten weeks of age. At one
week after birth, kitten blood has an hematocrit in the
adult reference range but a high mean corpuscular
volume. Both these values decrease over the next

Pure red cell aplasia (PRCA ) is a syndrome of
selective, usually severe, inhibition of erythropoiesis.
Granulocyte and platelet production are unimpaired
but erythroid cells are virtually absent in bone marrow.
In my experience, This anemia, like aplastic anemia,
is an extremely rare cause of anemia in cats. FeLV-
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subgroup C can produce PRCA in experimentally
infected cats, but FeLV -C has been identified only
rarely in cats with naturally acquired FeLV infection.
The few cats diagnosed at Cornell University as
having PRCA have been negative for FeLV. Two
cats with PRCA have been treated sucessfully at
Cornell with immunosuppressive therapy.
Hemobartonellosis
H emobartonella fe lis is an epicellular parasite of

feline erythrocytes that can cause hemolytic anemia.
In blood smears stained with polychrome stains, the
organisms are recognized as small purple cocci,
rings, or rods on the edges or across the faces of
erythrocytes. They may be numerous or few. Stain
precipitate is often mistaken for organisms. The
hemolytic anemia caused by H. felis is called feline
infectious anemia.
The precise mode of natural transmission of H.
fe lis is unknown, but most likely it is through
inoculation of one cat with blood from an infected,
parasitemic cat by vectors such as fleas, ticks, or flies.
The disease also can be transmitted by blood
transfusion. Experim ental hem obartonellosis
progresses through four phases: a prepatent period of
a few days to a few weeks, an acute phase characterized
by parasitemia and anemia with fluctuations in the
hematocrit and degree of parasitemia, a recovery
phase characterized by low grade parasitemia and
rising hematocrit, and a carrier phase in which
parasitemia is almost inapparent and not associated
with significant anemia. The acute phase may last for
as long as a month; the carrier phase probably lasts for
life.
Cats with naturally occurring hemobartonellosis
usually present with signs of anemia; some are icteric.
Hematologic findings typical of hemobartonellosis
are anemia, reticulocytosis, leukocytosis with
neutrophilia, monocytosis and normal to high
lympocyte and eosinophil counts. The M CV is greater
than 55fl in many cats. Because of the episodic nature
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of the parasitemia, organisms may be numerous,
scarce or not found in a given blood sample. The
Coombs’ test is positive in many cats. In the absence
of parasites, the disease is indistinguishable from
autoimmune hemolytic anemia. A combination of
tetracycline and corticosteroid is the usual treatment.
Cats that have recovered from the acute phase of
hemobartonellosis are latently infected. Periodically,
these cats may have detectable parasitemias from
time to time but the parasite does not cause anemia.
Splenectomy of acarriercat tends to make parasitemia
apparent. Likewise, a carrier cat that develops a
disease that stresses it may become detectably
parasitemic. Therefore, the significance of H. felis as
a cause of the clinical signs in a given cat must be
considered in the context of other findings. If H. felis
is found in con jun ction w ith anem ia and
reticulocytosis, then a clinical diagnosis of anemia
caused by the parasite is warranted. If H. felis is
found in an anemic cat but without evidence of
regenerative marrow response, then it is not likely to
be the main cause of anemia. Other causes of
nonregenerative anemia must be considered, such as
FeLV-associated marrow diseases, lymphoma, feline
infectious peritonitis, and other infectious or neoplastic
diseases. The prognosis for feline infectious anemia
is good; the prognosis for a carrier cat with anemia
due to another cause depends on the concurrent
disease.
D r. Julia T. Blue is an assistant professor o f clinical
pathology a t the college o f veterinary medicine at
Cornell University. She received her D.V.M. degree
from Oklahoma State University and her P h D . in
c o m p a r a tiv e m e d ic in e a t th e U n iv e r s ity o f
Pennsylvania.

Part II in the next issue of Feline Health
Topics will discuss the various types of
hemolytic anemias and complex anemias in
the cat.

7

Brochures Keep Clients Informed
Toxoplasmosis is the newest addition to the client information brochure series on cat health published by

the Cornell Feline Health Center. Brochures can be purchased through our office at a cost of $20 per 100 copies
If you are a professional member of the Cornell Feline Health Center, there is a 10% discount. To order a supply
for your practice, use the order form below. (Please allow 6 to 8 weeks for delivery.)
If you prefer to preview a sample of all ten brochures before ordering a quantity, send for our sampler for
only $2.

Brochure Order Form
Order for brochure sampler (10 brochures for $2)
I I Order for quantity brochures

Pay by check (make checks payable to
Cornell Feline Health Center) or by credit
card. For credit card orders complete the
following information:

BrQchqrg;

Quantity;

Feline Immunodeficiency Virus

_________

Feline Infectious Peritionitis

--------------

Feline Leukemia

_________

Toxoplasmosis

--------------

Card Number:--------------

Feline Behavior Problem s

_________

Expiration Date:

Feeding Your C at ___________________ _________

□

V isa o r Q Master Card

Signature:

--------

___________

_________

Special N eeds o f the O lder C at

Urinary Obstruction ------------------------- --------------

_________

Choosing & Care o f the N ew C at

Total number ordered

_________

Total Amount ($20/100)

_________

Send order to:
Name

______

Address

Less 10% membership discount
Total for brochures

_________
City/Stale/Zip

Send order form to Client Brochures, Cornell Feline Health Center, 618 VRT, Ithaca, NY 14853
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(continued from p a g e 2)

Diagnosis of Lyme Disease in Cats

Summary

Lameness that is responsive to antibiotic therapy in
seropositive cats may indicate a diagnosis of Lyme
disease. In one study, however, 5 of 21 seropositive
cats were lame but did not show signs of fever,
anorexia, or fatigue, while 2 of 9 cats had these signs
but were not lame. There is apparently no clear
pattern of signs in cats that are seropositive to B.
burgdorferi. To our knowledge, the organism has not
been isolated from cats, so it has been impossible to
confirm Lyme disease as a clinical entity in cats.

Clearly, very little is known about Lyme disease in
cats. We can say that cats are not at risk to the same
extent as dogs; although conclusive data are not
available. We would like to hear about your
observations of Lyme disease in cats in comparison
with your experience with dogs. Your perspectives
would be valuable in helping us reach some consensus
opinions about Lyme disease in cats.

Serodiagnosis o f Lym e disease in cats is
problematic. There is not enough data to confirm or
refute whether positive titers in cats are useful
indicators of B. burgdorferi infection. Our impressions
are that a positive serotest in the absence of clinical
signs should not be taken as conclusive evidence of
infection with B. burgdorferi; cross-reactivity with
other agents may be the cause of the elevated titer,
thus resulting in a false positive test result. Until more
conclusive data are available on feline serology for
Lyme disease, one should notplace too much credence
on serological results.

C ornell Feline H ealth C e n te r
C ornell U niv ersity
College of V e te rin ary M edicine
Ithaca, N e w Y ork 14853
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