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I. Introduction
The immune-mediated and true autoimrhune diseases of humans
and animals comprise a group of poorly understood disorders in which
antibodies are produced against tissues of the body, thus violating the
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premise of immune self-tolerance (Dacie, 1967; Dacie and Worlledge,

Hiwell _1978)
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There has been a significant increase in the number of dogs recog-

Y g

In true autoimmune disease, a rare entity, the hust’s immune system
goes awry and reacts against its own body. The mechanism for this
failure to recognize self is unclear, so that the prognosis for survival en
a long-term basis is frequently guarded or unfavorable. In the im-
mune-mediated situation, in contrast, the chances for recovery are
much better if the causative agent or trigger of the immune reaction
can be identified and removed. In common usage, the term autoim-
mune disease is loosely applied to most types of immunological disor-
ders of the blood and tissues, although this is technically incorrect as
most cases are, in fact, immune mediated. For purposes of this article,
therefore, the term immune mediated is preferred.

One of the oldest recognized immune-mediated diseases of both hu-
mans and dogs is called autoimmune hemolytic anemia (Dacie, 1967;
Schalm, 1975). The clinical entity was known long before the immu-
nological basis of the pathogenesis was understood (Bielschowsky et
al., 1959; Videbaek, 1962; Fialkow, 1964; Dobbs, 1965; Robbins et al.,
1969). In autoimmune hemolytic disease (AIHD) the antibodies formed
are directed against the red blood cell and are best demonstrated by
the direct Coombs’ antiglobulin test (Dacie, 1967; Williams et al., 1972;
Schalm, 1975; Schultz, 1976; Dodds, 1977; Tizard, 1977, 1978; Hal-
liwell, 1978; Slappendel, 1979). Diagnosis is based on a positive
Coombs’ test, the finding of a responsive bone marrow, and a history
that rules out other underlying causes of hemolysis, such as transfu-
sion and sepsis, as well as intrinsic red cell abnormalities such as
pyruvate kinase deficiency.

In addition to producing antibodies targeted against red cells, im-
mune-mediated diseases frequently elicit antiplatelet antibodies with
resultant thrombocytopenia (Oski and Naiman, 1966; Bachand et al.,
1967; Williams et al., 1972; Wilkins et al., 1973; Karpatkin, 1980). The
most commonly affected animal species are the dog, horse, and cat
(Dodds and Wilkins, 1977; Halliwell, 1978; Byars and Greene, 1982),
On average, about two-thirds of the chronic, recurrent thrombocyto-
penias of humans and animals have an immunological basis (Williams
et al.,, 1872; Wilkins et al., 1973; Schalm et al., 1975; Dodds and
Wilkins, 1977; Halliwell, 1978; Karpatkin, 1980; Wilkins and Hurvitz,
1981; Dodds, 1882). Antiplatelet antibodies and/or thrombocytopenia
may be associated with antierythrocyte antibodies and/or anemia, or
can occur in the absence of red blood cell involvement. Generally,

about two-thirds of cases with red cell destruction show a concomitant
involvement of platelets.

nized to have immune-mediated diseases (Dodds, 1982; R. J. Wilkins
and A. L. Hurvitz, 1981, K. Young, 1981, and C. Pertz, 1981, personal
communications). These include a number of specific immunological
diseases that can affect tissues or organs as well as the blood. The
conditions have been béth autoimmune, in which the body’s immune
system forms antibodies against self-antigens, or immune mediated, in
which foreign antigenic materials such as viruses and drugs act as
haptens and adhere to or alter the surface or body tissues and cells,
forming antibodies against the hapten—cellular complex. Both types of
immunological disease produce similar clinical signs in the affected
individual, because the resultant antibodies destroy the target organs
or cells. The target tissues can be the kidneys as occurs in systemic
lupus erythematosus (Lewis et al., 1965, 1973; Oshorne et al., 1973;
Schwartz, 1975), the joints as with rheumatoid arthritis (Newton et al.,
1976; Pedersen et al., 1976), the skin as in pemphigus (Slappende! et
al., 1970; Halliwell, 1978), the muscles as in myasthenia gravis and
eosinophilic myositis (Tizard, 1977), and the thyroid gland as in
Hashimoto’s disease (Halliwell, 1978). In some cases, other tissues
such as the bone, intestinal tract, brain, or nervous system can be
involved in destructive processes, and specific names have been given
to each type of disorder. When several tissues are affected, the result-
ing disease is more serious.

II. Clinical Signs

If the immune-mediated disease is destroying red blood cells, the
affected animal can become suddenly or gradually anemic and weak.
The gums and eye membranes may be icteric, and the urine may be
dark brown or dark red in color. Diagnosis is confirmed by blood tests
and especially the direct Coombs’ test, which is positive at some time
during the course of the disease. It is important to perform this test
before the animal is treated with corticosteroids, because false nega-
tive results can_occur once treatment has been initiated. If the im-
mune-mediated disease is destroying platelets, the animal will usually
show a bleeding tendency from the skin and mucosal surfaces. Typical
signs are small pinpoint bruises (petechiae) in the skin, gums, and eye
membranes, noscbleeds, large patchy bruised (ecchymoses) in the skin,
and bleeding from the gastrointestinal tract (melena) or into the urine
(hematuria). The platelet count is usually less than 150,000 per mm3,
and prognosis depends on the severity of the platelet reduction. Very
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unless provoked by stress, trauma, or surgery, despite platelet counts
of less than 50,000 (Karpatkin, 1980; Dodds, 1982). Why some indi-
viduals fail to bleed whereas others with similar histories and labora-
tory findings have recurrent problems is not understood. Perhaps the
function of those few circulating platelets is enhanced in the former
cases, which affords a measure of protection. Diagnosis is confirmed by
laboratory tests to detect the presence of antiplatelet antibody in the
bload. Again, this test should be done before corticosteroid therapy is
given,

III. Diagnosis

A. Hisrory

The typical history of affected animals will depend on two factors:
whether the onset is gradual or sudden, and whether or not both red
cells and platelets are involved. The classical acute case of AIHD is
presented with a sudden collapse of a previously healthy animal. The
gums are usually blanched and frequently are icteric. When platelets
are concomitantly depleted, there may be petechiae spread over the
ventral abdomen, gums, and sclera. In isolated cases of thrombocyto-
penia, the disease is less dramatic. The owner may notice small bruises
when grooming the dog, or the veterinarian may observe such bruises
as the animal is being examined for a routine checkup or vaccination
procedure. Chronic cases of ATHD progress slowly to a nonspecific gen-
cral weakness, lethargy, and inappetence. Episodes of overt illness are
usually preceded by environmental or physiological stresses such as
extremes of hot or cold weather, hormonal changes (estrus,
pseudocyesis), and other disease processes (especially viral infections).
The affected animal is frequently a young to middle-aged adult female
with a previous history of reproductive irregularities including heat
cycles of varying lengths and intervals of anestrus, silent heats, pro-
longed estrual bleeding, and pseudopregnancy. The owner may also
mention that other family members have had similar problems or a
scries of undiagnosed chronic or acute and fatal illnesses. Some cases
have a family history of chronic allergies, which includes various types
of seasonal, chronic dermatitis. The history of other illnesses among
rclatives may reflect “tumors” of the liver and spleen as well as ane-
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mia. Questioning the veterinarian involved frequently reveals that

there has been an incomplete workup of the case from a clinical patho-
logical or histopathological standpoint.

A second form of immune-mediated anemia is associated with the
presence of cold erythrocyte agglutinins. These are more rare than the
usual warm-reactive antibodies that produce the classical AlliD syn-
drome. Cold antibodies are most active below 20°C and produce micro-
circulatory failure at the extremities rather than hemolytic anemia.
Thus the nose, feet, tail, and tips of the ears are affected with dry
gangrene-like lesions caused by intravascular erythrocyte agglu-
tination.

In addition to the nonspecific signs of regenerative anemia, affected
animals will have hemoglobinuria and may have hemoglobinemia if
intravascular hemolysis is sufficient to exceed clearance of erythrocyte
breakdown products by the reticuloendothelial system. There may also
be anorexia, pyrexia, polydipsia, peripheral lymphadenopathy, and
hepatosplenomegaly in chronic cases. Most animals respond well if
they are treated aggressively after the initial onset of signs. In some
cases the course of the disease is unpredictable, and in others there is a
spontaneous remission.

If the dog with AIHD also has systemic lupus erythematosus (SLE),
it will show a variety of other clinical signs at some point (Lewis ef al.,
1965, 1973). About two-thirds of the cases have concomitant throm-
bocytopenia, and there is progressive renal failure from immune-com-
plex glomerulonephritis. Additional signs include polyarthritis, poly-
myositis, skin lesions that blanket the muzzle, pleurisy, and peri-
carditis. Diagnosis is confirmed by clinicopathological tests.

B. CLiNicopAaTHOLOGICAL TESTS

1. Red Cell Tests

The diagnosis of immune-mediated blood diseases is confirmed by
clinicopathological testing (Schultz, 1976). When the red cells are in-
volved, the resulting disease can be classified according to the type of
erythrocyte antibody produced (Dodds, 1977). This classification has
been described in detail by Halliwell (1978). Basically the antibodics
are divided into the warm- and cold-acting types, the former being
much more common. A classification scheme is shown in Table 1.

Warme-reacting antibodies give a positive Coombs' antiglobulin test
at 37°C, whereas cold-reacting antibodies are Coombs’ positive at 4°C
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TABLE 1

CLASSIFICATION OF IMMIENE-V

Type Characleristics

Warm Antibodies
Spontaneous agglutinins

Visible in freshly collected blood; probably
is occurring in vive; differentiated from
rouleaux by persistence upon dilution
with isotonic saline; Coombs’ test unnec-
essary; prognosis guarded to poor

Massive red cell destruction with hemo-
globinuria and hemoglobinemia; sudden
onset of serious illness with icterus is
common; Coombs’ test needed to confirm

Most common form; Coombs’ test important;
intravascular hemolysis uncommon;
eplenomegaly common; hemoglobinuria
but not hemoglobinemia present; chronic
course with gradual onset

In vivo hemolysins

Incomplete antibody type

Cold Antibodies
Cold agglutinins Optimum effect below 20°C; cold weather-
induced anemia and hemoglobulinuria;
dry gangrene of extremities common; in-
travascular hemolysis uncommeon;
Coombs' test negative at 37°C but strong-
ly positive at 4°C; can occur in warm
weather

Nonagglutinating cold antibodies Coombs’ test positive at 4°C only; icterus

and hemoglobinuria common especially in
cold weather; rare

aAfter Halliwell (1978).

and negative at 37°C. In (act, warming of cold-agglutinated blood will
usually reverse the process. The preferred form of the Coombs’ assay is
the direct test, which uses the patient’s washed red cells tested against
species-specific antiglobulin serum (Dodds, 1977; Tizard, 1977; Hal-
liwell, 1978; Slappendel, 1979). The indirect form of the test, which
uses the patient's serum and normal washed red cells, precludes diag-
nosis if the antibody titer is too low to elicit a positive reaction. Be-
cause these antibodies are most destructive at the cell surface, the
direct test is more meaningful and reliable.

The red cell agglutinins can be directed at IgG (15-50% incidence),
at complement components, especially C3 and/or C4 (30-50% inci-
dence), at a combination of these two (25% incidence), and at other
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bodies, 31% had IgG + complement antibodies, 55% had complement
antibodies, and about 2% had IgM + complement antibodies. In two
Coombs’-positive dogs the type of reaction was unclear, and occasion-
ally IgM and/or IgA reactions occurred along with strong IgG and
complement antibodies. Eighty-four of the Coombs’-positive dogs had
one or more symptoms of hemolysis including hemoglobinemia, indi-
rect hyperbilirubinemia, increased red cell osmotic fragility, and in-
creased fecal excretion of urobilinogen. Most dogs with the IgG + com-
plement-type agglutinins had severe hemolysis, and primary or
secondary diseases were present in only half of these. Thus overt ane-
mia was usually associated with dogs having either the IgG or IgG +
complement antibodies. Conversely, those cases with only complement
antibodies had minimal or no evidence of hemolysis. In nearly all cases
there was an associated primary disease such as infection (especially
viral), or inflammatory or neoplastic (especially myelo- and lympho-
proliferative) diseases. The indirect Coombs' test was also uniformly
negative in cases of complement antibodies.

2. Platelet Tests

If platelets are the target cells of immune-mediated destruction, one
or more specific tests can be performed to determine the presence, type,
and amount of antiplatelet activity in the blood.

The first test used routinely to detect antiplatelet activity was the
platelet factor 3 (PF3) release test of Karpatkin and colleagues (Kar-
patkin, 1980). The assay was adapted for dogs (Wilkins ef al., 1973;
Joshi and Jain, 1976; Jain and Kono, 1980) and other species (Dodds
and Wilkins, 1977; Byars and Greene, 1982) by using species-specific
platelet-rich plasma and control globulin fractions and substituting
plasma for serum as the initial specimen. The latter change was made
to reduce the possibility of obtaining false positive results from traces
of thrombin in serum being transferred to the extracted globulin frac-
tion, Being a potent promoter of the platelet release reaction, thrombin
would cause nonspecific shortening of the clotting time end point in the
test (Dodds and Wilkins, 1977). The collective experience of the author
with over 200 cases of recurrent thrombocytopenia indicates that this
test is the most practical and reliable overall for clinical use in animals
(Dodds and- Wilkins, 1977). Because 65-70% of recurrent cases of
thrombocytopenia have an immunological basis (Karpatkin et al.,
1972; Wilkins et al., 1973: Dodds and Wilkins, 1977: Karpatkin, 1980),
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a negative test result does not preclude this diagnosis. Serial monitor-
ing may be required to detect the presence of antibody, and/or the
circulating antiplatelet titer may be below the detection limits of the
test. False positive test results may also be obtained in cases where a
secondary tissue-inflammatory or stress-responsive disease is present
(e.g., disseminated intravascular coagulation, acute sepsis) or when
the test globulin fraction is contaminated with thrombin or endotoxin,
which also induces platelet membrane injury and PF3 release (Kar-
patkin et al., 1972).

Several veterinary clinical pathology laboratories do use assays
based on this test (Joshi and Jain, 1976; Jain and Kono, 1980; Wilkins
and Hurvitz, 1981), although difficulties in standardizing the test have
been encountered (Halliwell, 1978; Jain and Kono, 1980). The most
commonly observed problem is an overly shortened clotting time end-
point for the control globulin fractions (i.e., less than 60 sec). This
usually indicates that the normal platelet-rich plasma substrate has
been activated during collection and/or preparation, thus causing pre-
mature release of PF3 and reduction in the amount of PF3 available
for release from subsequent exposure to an immune globulin fraction.
The ideal clotting time end point of the contro! specimen should be
around 90 sec for dog samples and over 150 sec for equines. Another
cause of foreshortening in the control specimens occurs if the globulin
fraction used has been prepared by prior pooling of plasma from sever-
al healthy animals (Dodds and Wilkins, 1977). Apparently normal
globulin extracts from different individuals can be sufficiently diverse
to cause nonspecific interaction, inducing PF3 release. The problem is
avoided by preparing a series of normal globulin fractions from several
healthy dogs and testing each batch separately.

A varicty of other tests have been developed in recent years for the
identification of immune-mediated thrombocytopenia in humans
(Cines and Schreiber, 1979; Hymes et al,, 1979; Karpatkin, 1980;
Sugiura et al., 1980; Morse et al., 1981, 1982; Myers et al., 1981) and
animals (Shebani and Jain, 1983). Some of these, such as the platelet
migration inhibition test (Duquesnoy, 1975), the antibody-dependent
cellular toxicity test (Gengozian and Rice, 1982), and the lymphocyte
transformation test (Wybran and Fudenberg, 1972), measure cellular
involvement with antiplatelet activity; others are more specific and
quantitate the amount and type of immune globulin bound to the
platelet surface (Cines and Schreiber, 1979: Hymes et al.,, 1979;
Sugiura et al., 1980; Morse et al., 1981, 1982; Myers et al., 1981). The
latier tests are more sensitive than those based on measuring plasma
or serum antibody levels. Some are simple and rapid (Sugiura et al.,

X

* M *

degree of platelet destruction and severity of clinical disease, whereas
plasma levels of antibody do not (Karpatkin, 1980). Unfortunately,
such methods are not easily adapted for use in animals because highly
purified radio or fluorescent-labeled, species-specific immunoglobulins
or the active fragments of immunoglobulins are required. Develop-
ment of these reagents would be most useful for research purposes but
would be impractical for routine use because the assumption of an
immune basis can safely be made for the majority of clinical cases of
recurrent, severe thrombocytopenia.

Several simplified screening tests for circulating platelet antibodies
are also available (Hirschman et al., 1974) and have been used in dogs
(Jain and Kono, 1980). Although promising, whether these are not
only easier but also equally or more reliable than the established PF3-
release test methods remains to be proven.

The antibodies present in immune thrombocytopenia are usually of
the IgG type (75%); the remainder are usually IgM or IgA antibodies
(Dodds and Wilkins, 1977; Karpatkin, 1980). The type of immu-
noglobulin involved can be identified by immunoprecipitation with
specific immunoglobulins, in which case a positive PF3 test becomes
negative upon removal of the specific immunoprecipitate (Karpatkin et
al., 1972; Wilkins et al., 1973). This modification of the basic test can be
used to confirm positive test results and avoid false positive diagnosis
from nonspecific PF3 release.

In addition to specific tests for antiplatelet activity, other aids in
establishing the diagnosis include serial monitoring of the platelet
count, coagulation assays to rule out thrombocytopenias caused by the
consumption coagulopathy phase of intravascular coagulation, bone
marrow examination, and other immunological tests (e.g., Coombs’
test, LE preparation, antinuclear antibody test) (Halliwell, 1978; Kar-
patkin, 1980). Generally, the lower the platelet count, the more severe
the clinical entity (Karpatkin, 1980). Also, patients with platelet
counts below 10,000 to 30,000 per mm? are usually destroying plate-
lets preferentially in the liver rather than in the spleen (Dodds and
Wilkins, 1977; Karpatkin, 1980; Pearson, 1980), although both organs
frequently are involved. Bone marrow evaluations are usually non-
diagnostic, because peripheral thrombocytopenia can result from re-
duced production and/or excessive destrugtion, utilization, or se-
questration (Karpatkin et al., 1972: WilKins et al, 1973). Thus,
normal, reduced, or enhanced megakaryocytic activity may be present
in marrow aspirates.

Because about two-thirds of cases of immune-mediated hemolytic
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disease also have thrombocytopenia at some point, it follows that pa-
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tients with immune thrombocytopenia may also have positive direct
Coombs’ tests. Similarly, patients with SLE [requently show both anti-
erythrocyte and antiplatelet antibodies (Karpatkin, 1980). Thus, Lests
for these other immunological disorders should also be performed on
thrombocytopenic individuals.

3. Tests for SLE

In addition to the tests just described for antierythrocyte and anti-
platelet antibodies, patients suspected of having SLE should be tested
for the presence of LE cells and antinuclear antibedies (ANA). It may
be necessary to monitor the patient on a serial basis to demonstrate the
LE-cell phenomenon or ANA. The former test is based on the principle
that in vitro incubation of antinuclear activity present in the patient's
blood coats the nuclear material released from fragmenting cells, op-
sonizing it for phagocytosis by polymorphonuclear leukocytes. Thus
the LE cell is a polymorph that has ingested coated nuclear material.
Similar phagocytosis may occur in vivo, and about 75% of patients with
SLE will have a positive LE test at some stage of their disease.

Improved specificity and sensitivity for the diagnosis of SLE is possi-
ble with quantitative ANA tests. Immunofluorescent and radioim-
munoassay procedures are the most widely used and are quite specific.
These detect the presence of circulating antibodies against native, dou-
ble-stranded DNA. Antibodies against leukocytes and rheumatoid fac-
tor may also be present in SLE cases.

The criteria for establishing the diagnosis of SLE in dogs have been
reviewed byHalliwell (1978) and Tizard (1978). These include one or
more of the following: Coombs’-positive hemolytic anemia, throm-
bocytopenia (usually immune mediated), progressive renal failure
with proteinuria, slowly progressive polyarthritis, skin lesions typical
of SLE and usually on the muzzle, and the presence of LE cells, ANA,
polycional gammopathy, or rheumatoid factor. Although Halliwell
(1978) stresses that diagnosis of SLE is untenable without positive
serological evidence of ANA titer greater than 1:100 or strongly posi-
tive LE preparation, there have been an increasing number of cases of
so-called ANA-negative SLE, in which the clinical signs, other immu-
nological tests, and response to treatment are typical of SLE (Dodds,
1982; R. J. Wilkins and A. 1. Hurvitz, 1981, personal communication).
Although the question of diagnosis remains to be resolved here, for all
practical purposes these can be managed and treated similarly to
proven cases of SLE.

C—SeratMontToRmNg————
e WIS

One mechanism for managing patients with immune-mediated dis-
cases on a long-term basis is to monitor serially their clinical and
clinicopathological status. Depending on the severity and nature of the
illness, serial testing can be performed on a monthly or bimonthly
basis, or it can be scheduled to coincide with each estrual and in-
terestrual period for affected bitches. From the author's experience
with several dog families apparently predisposed to immune-mediated
anemia and/or thrombocytopenia, laboratory monitoring on a regular
basis has been beneficial not only to identify animals newly converted
from a negative to positive status, but also to initiate and adjust treat-
ment regimens to optimize control of the disease process (Dodds, 1982).

IV. Findings

A. FaMILY AND Breep HISTORIES

As mentioned earlier, we and other groups have experienced a large
increase in the number of referrals of canine patients with immune-
mediated diseases of the blood. The trend became noticeable in 1979,
and the magnitude of the increase can best be appreciated if one con-
siders that our laboratory studied over 200 animals referred for these
diseases during an 18-month period between 1980 and 1982. In the
past the average had been about one case per week; this increased to
two to four cases per week, with the preponderance in the summer
months. An apparent breed predilection has also been observed in our
laboratory (Table II). The most frequently affected breed is the Old
English sheepdog (57 cases), and the clinical course of the discase
appears to be more severe and less responsive to treatment than
expected.

In addition to certain breed predilections (discussed in detail in Sce-
tion V,C), specific families of dogs also seem to have an increased
tendency to develop these immune-mediated conditions. The following
description summarizes our investigations of two purebred dog fami-
lies with an abnormally high incidence of immune-mediated anemia
and thrombocytopenia. Similar data (not shown) have been collected
for families of American cocker spaniels and long-haired dachshunds,
and are being assembled for the Old English sheepdog.
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TABLE 1
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thrombocytopenic and had positive PF3-release tests for antiplatelet

DoG BREEDS APPARENTLY PREDISPOSED
o IMMUNE-MEDIATED BLOOD DISEASES

American cocker spaniels

German shepherds

Irish setlers

Miniature and standard dachshunds
Mininture and toy poodles

Old English sheepdogs

Shetland sheepdogs

Scottish terriers

Vizslas

1. Vizsla Family

A four-generation pedigree of this family of Hungarian vizslas is
shown in Fig. 1. The proband, a 5-year-old intact female, was present-
ed to a local veterinarian approximately 2 weeks prepartum with
anorexia of 3 days duration. One week later she had a packed-cell
volume (PCV) of 18%, a platelet count of 156,000 per mm?, and a
“nonregenerative” anemia. A Coombs’ test performed at this time was
negative. She whelped 1 week later. Three weeks postpartum a diag-
nosis of pyometra was made, and the dog was spayed. One week later
her PCV dropped to 11%, and a strong reticulocyte response was seen.
The Coombs' test was strongly positive against both IgG and comple-
ment antibodies. The following week the patient remained Coombs’
positive, and she died shortly thereafter. Postmortem histopathology
revealed marked bone marrow hyperplasia, primarily of the gran-
ulocytic series, and hemosiderosis. The spleen was enlarged and found
to be the site of active erythropoiesis and myelopoicsis. Mega-
karyocytes were present in the liver, as were macrophages filled with
hemosiderin and red blood cells. Results of uterine histopathology in-
cluded cystic endometrial hyperplasia and endometritis.

Six offspring and three siblings of the affected bitch as well as their
progeny have been followed serially for evidence of hemolytic disease
(Fig. 1). Of interest is the fact that the proband’s 2 sisters and all 5
_ daughters had a history of reproductive abnormalities (irregular es-
trual intervals, pseudocyesis, infertility), and that 4 daughters and 1
sister were also Coombs’ positive. Of 5 males tested in the family, two
were Coombs’ positive. Thus 9 of 12 tested females and 2 of 5 tested
males had positive red cell antiglobulin tests on one or more occasions.
Six family members (3 of each sex), including the proband, were also

M_Mo_m. a male, had mild thrombocytopenia but was PF3 negative (dog
BYIR

When the proband’s daughter (dog I11,4) became Coombs' positive
and remained so for a total of three serial tests (two in estrus and one
between heats), and developed clinical signs during estrus like those of
her dam, she was spayed. A pyosanguinous endometritis was found on
histopathological examination of the extirpated tissues. Coombs’ tests
were then performed at regular intervals, and she became Coombs’
negative 8 months after surgery and remained so as of 5 years later.
The littermate of this bitch (dog IIL,3) and the proband’s sister (dog
I1,9) were also considered at risk to develop clinical signs referable to
immune-mediated hemolytic disease and/or thrombocytopenia, be-
cause they became consistently Coombs’ positive. Following ovario-
hysterectomy, both dogs reverted to a negative antiglobulin status and
remained so for 2 and 3 years, respectively, as of this writing. In both
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Fic. 1. Pedigree and relevant clinicopathological m:&:wu in vizsla family with im-
mune-mediated anemia. The proband is indicated by the arrow. (+), Coombs’ positive,
1gG or C; (~), Coombs' negative: D, deceased; S, spayed; @, reproductive problems; 9,
immune-mediated anemia.
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that include persistent <»n:§_ m_mnrm..mo irregular estrus cycles and
Lichavior, und positive Coombs’ tests. The breeder was advised not to
breed females judged to be at risk for immune-mediated disease and to
spay them. The immunological status of family members is currently
monitored on a continuing basis. Whether spaying those bitches that
became Coombs’ positive aborted an impending disease problem re-
mains to be proven, but at least none has developed clinical signs and
all are Coombs' negative at this writing.

2. Scottish Terrier Family

The immunological status of this family of Scottish terriers was
followed for several generations (Fig. 2).

The genetic background of this family was originally examined in
relation to routine hematological screening procedures for the von
Willebrand's disease gene (Dodds, 1980). During this period of testing
the breeder was informed that an 8-month-old female puppy from a
litter she had bred was acutely ill with a “blood-related” disease. The
clinical history and postmortem histopathology suggested an episode
of acute hemolytic anemia. A second closely related 11-month-old male
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Fic. 2. Pedigree and relevant clinicopathological findings in Scottish terrier family
with immune-mediated anemia. The proband is indicated by the arrow. © or £, Im-
mune-mediated anemia; {or other symbols, see Fig. }
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SA 4°F, vn_m mucous membranes, a bilirubinuria oﬁm +,and a PCV of
23%. Blood was submitted for analysis, and the dog was placed on
antibiotics. A Coombs’ test was not performed. Three days later the
PCV had fallen to 8%. The dog received a transfusion of whole blood
and underwent exploratory surgery the following day. Twenty-four
hours later, with a PCV of 10% and evidence of jaundice, the dog died.
Tissues submitted for histopathology revealed hepatitis with focal ne-
crosis, splenitis, hemosiderosis, and extramedullary hematopoiesis.

Coombs’ testing was initiated on dogs in the breeder’s possession
that were related to the two puppies that died. Several Coombs'-posi-
tive members were discovered (Fig. 2). Most of the antierythrocyte
antibodies were directed against complement components. Eight of
these animals were also thrombocytopenic, and five of them were posi-
tive for antiplatelet activity by the PF3-release test (dogs 111,5,9, and
16 and dogs IV,1 and 2).

Examination of the pedigrees of this breeder’s stock revealed a close
relationship between the two clinically affected animals; the mother
{dog I1,2) of the proband (dog III,9) was also the grandmother of af-
fected dog IV,1. Also, the brother (dog IIL,6) of this male’s dam (dog
111,5) sired a Coombs’-positive bitch puppy (dog IV,2). The sire of the
litter in which all four puppies were Coombs’ positive (dog 111,14) had
the same foundation grandmother (dog I,2) as the proband. Dog II1,14
also had been bred back to his mother (dog II,4), but we have not
located the three progeny for blood testing.

Since the first cases in Scottish terriers were brought to our atten-
tion, several other dogs of this breed with confirmed or presumed im-
munec-mediated hematological discase have been discovered: an 8-
year-old male that was euthanized after suffering a severe and unre-
sponsive hemolytic erisis immediately following a second vacecination
with modified live parvovirus vaccine of feline origin, a 4-year-old
male with marked hepatomegaly that survived a hemolytic episode 2
weeks after receiving a modified live feline parvovirus vaccine, a 2-
year-old female with PF3-positive immune thrombocytopenia, and two
6-week-old littermates that succumbed to acute hemolytic discase 9
days following vaccination with a combination of modified live dis-
temper-hepatitis—leptospirosis~parainfluenza and feline parvovirus
vaccines. Autopsies revealed distemper viruslinclusions in the central
nervous system. Blood samples from these puppies and their two sur-
viving littermates were strongly Coombs’ positive, with antibodies di-
rected against IgG and complement. Parvovirus titers on the survivors
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weresubsequently found to be in excess of 1:2000, indicating a recent
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viral exposure.

The pedigrees of these cases, except for that of the PF3-positive
bitch, which was unavailable, were evaluated to search for common
ancestry. The two littermate puppies that died after vaccination were
wot related to any of the others for at least 10 generations. The 4-year-
old male with hepatomegaly and the older male were distantly related

to the family shown in Fig. 2 through males 1,3 and IL,5.

B. Case HisTORIES

Table 1II gives a breakdown of the 223 animals tested for immune-
mediated hematological diseases by our laboratory in the 18 months
between 1980 and mid-1982. Of these, 57 (26%) involved Old Inglish
sheepdogs. 35 (16%) were long-haired dachshunds, 26 (12%) were Scot-
tish terriers, 17 (8%) were vizslas, 15 (7%) were American cocker span-
iels, and the remainder were other purebreds (8%) and mixed breeds
(239%). Over 70% of these animals were fernales, which confirms the
expected preponderance of females over males with respect to immune-
mediated diseases (Dacie, 1967; Williams et al., 1972; Schalm, 1975;
Tizard, 1977; Halliwell, 1978). The ages of affected dogs varied from 6
weeks to 15 years, although most animals in this series were of middle
age, as has been found previously (Halliwell, 1978).

Of the 214 dogs tested by the direct Coombs’ test, 154 (72%) were
positive. Of these, the majority (51%) had both IgG and complement
attached to their red cells, whereas complement-mediated antibodies
were the next most common (38%), with IgG antibodies being least
frequent (11%). About one-half (109) of the total number of dogs tested
were also thrombocytopenic, and of these, 68 (62%) were positive for
antiplatelet activity by the PF3-release test (Wilkins et al., 1973). A
striking finding was observed in the Old English sheepdog breed; 39 of
the 57 animals tested were thrombocytopenic, and 30 (77%) of these
had circulating antiplatelet activity. Many of these affected animals
were referred for severe thrombocytopenia without red cell involve-
ment, although some cases also had strongly positive Coombs’ tests
and were seriously ill.

V. Predisposing Factors

Factors known to predispose to immune-mediated hematological dis-
eases are listed in Table IV.

TABLE III

ANIMALS TESTED FOR IMMUNE-MEDIATED BLOOD DISEASES, 19801982

Release test

Direct Coombs’ test

(+)

)

(+IgG and ©)

(+C)

(+1g®)

Age range

Sex -
(M/F)

Number of
animals

Breed

3¢

18

24

5 months to 12 years

12/45

57
(9 have same sire)

Old English sheepdog

14

18

19/16 12 weeks to 5 years

35

(all related)

Long-haired dachshund

11

719 6 weeks to 8 years

26
(15 related)

Scottish terrier

10

5116 8 months to 7 years

21
(all related)

Vizsla

(=}

2/13 2-6 years

15
{3 have same dam)

American cocker spaniel

Y

(=]

12

«

N

8 weeks to 14 years
5 months to 15 vears
6 weeks to 15 years

315
12/39

18

Other breeds
Mixed breeds
Totals

‘&—8
~l©

9_0
©0

17
79

3_9
~n

|0

60/163

_51
223
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TABLE IV
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B. Sex PRrEDISPOSITION

Facrors THAT PREDISPOSE
TO IMMUNE-MEDIATED BLooD Diseases

Sex tfemales 2:1 over males)

Genetic or familial factors

Virus disease and possibly frequent use of modified live virus vaccines

Hormonal influences (pregnancy, abnormal estrous cycles, pyometra, and
pseudocyesis)

Druy reactions

Stress tenvironmental, emotional, or physiological)

Underlying diseases (lymphoreticular malignancies and other autoimmune disorders)

A. INCREASED FREQUENCY

The two- to threefold increase in our caseload between 1979 and
mid-1982 was mentioned earlier and documented for the period after
1980 in Fig. 2. By comparison, Halliwell (1978) reported only 21 cases
of immune-mediated hemolytic anemia and 15 cases of immune throm-
bocytopenia referred to the University of Pennsylvania School of Vet-
erinary Medicine for the 6-year period from 1970 to 1976. Of these,
theve were 3 cockers and 5 poodles with red cell involvement, and 1 Old
Ernglish sheepdog, 2 cockers, and 4 poodles with immune platelet
destruction.

Nearly all the immune-mediated diseases studied have affected the
blood at one time or another during the course of the disease. Other
commonly associated problems were hepatosplenomegaly, hepatitis,
splenomegaly, glomerulonephritis, and dermatitis. Occasionally (six
cases) there was a painless and gradual sloughing of the toenails of all
four {eet. In ench of these latter instances, the animal had received a
modified live parvovirus vaccination of either feline or canine origin
from 5 to 17 days beforehand.

An important question yet to be resolved is whether the observed
increase in the number of referrals reflects a true increase in the fre-
quency of these discases and/or an increased awareness among dog
owners, breeders, and veterinarians, who are recognizing and diagnos-
ing such disorders more readily. Certainly, access to the laboratory
tests required for diagnosis of immunological disorders in animals has
improved in recent years, and this has facilitated accurate diagnosis
and early treutment, It is our opinion, however, that the current influx
of cases exceeds the number that can be explained on the basis of
increased awareness alone,

The predisposition of females to immune-mediated discase has been
well established (Dacie, 1967; Williams et al., 1972; Schalm, 1975;
Dodds, 1977; Tizard, 1977; Halliwell, 1978; Karpatkin, 1980). This
applies not only to SLE and immune-mediated anemias (Williams et
al., 1972) but also to thrombocytopenias of immunological causes (Kar-
patkin, 1980). The present canine data (Table III) are in agreement,
because 163 of the animals tested were females whereas only 60 were
males. Curiously, affected males—especially of the Old English sheep-
dog, dachshund, and Scottish terrier breeds—were very severely af.
fected, and many were nonresponsive and succumbed despite vigorous
treatment. In accordance with our previous studies (Wilkins et al.,
1973; Dodds, 1977), females were more often affected than males by a
2:1 or 3:1 ratio, whether intact or spayed.

C. BREED PREDISPOSITION

Breeds recognized by our laboratory and others to be predisposed to
immune-mediated hematological diseases are listed in Table II
(Wilkins et al., 1973; Dodds, 1977; Halliwell, 1978; M. Estrin, 1982,
personal communication). Data from specific dog families within the
more commonly affected breeds have been collected for vizslas (Fig. 1),
Scottish terriers (Fig. 2), American cocker spaniels, and long-haired
dachshunds, and are presently being compiled for the Old English
sheepdog. Whether certain blocdlines within these breeds will be
found to have a significantly increased prevalence of immune disorders
remains to be proven by statistical evaluation from pedigree analysis
of the relationship between affected individuals. One way to accom-
plish this would be to compare the coefficients of inbreeding and com-
monality of ancestry of affected individuals to age- and geographically
matched healthy animals of the same breed.

D. GeENETIC INFLUENCES

Familial tendencies are known to exist for several immune-medi-
ated disorders of humans and animals including rheumatoid arthritis,
Hashimoto's thyroiditis, SLE, AIHD, immunec-mediated throm-
bocytopenia, and agamma-globulinemia (Bielschowsky et al., 1959;
Videback, 1962; Fialkow, 1964; Dobbs, 1965, Twim et al., 1965; Dacie,
1967; Robbins et al., 1969: Schwartz, 1975; Dodds, 1977; Utroska,
1980). Hemolytic anemia can be associated with all types of immune-
mediated disease and may be the first or only presenting clinical sign
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patients with SLE.

In the human medical literature, several families are described with
a history of AIHD (Videbaek, 1962; Fialkow, 1964; Dobbs, 1965: Dacie,
1967 or immune-mediated thrombocytopenia (Karpatkin, 1980). In
one such family, the proband suffered from AIHD and had a strongly
positive Coombs’ test. The family history included members with in-
creased levels of immunoglobulins, rheumatoid factor, ANA, positive
Coombs’ test, periarteritis nodosa, antibodies to thyroid and heart
muscle, and clinical pancarditis and thyrotoxicosis. The blood from the
proband’s mother was strongly Coombs’ and ANA positive. In another
family, all the members with identifiable serological changes and evi-
dence of AIHD had parents who both demonstrated serological abnor-
malities of AIHD. In this case, a recessive pattern of inheritance was
proposed.

With respect to immune-mediated thrombocytopenia, there has been
a strong assaciation with the presence of an alloantigen of the HLA-D
locus (called DRw2) and the genetic predisposition to this disease (Kar-
patkin, 1980). The DRw2 alloantigen was found in 75% of 20 consecu-
tive patients in the New York City area with immune thrombo-
cytopenia, whereas it was present in only 23% of an ethnically
matched healthy control population. Of additional interest has been a
parallel association of the DRw2 and DRwa3 alloantigens of the major
histocompatibility complex in patients with SLE (Karpatkin, 1980).

The most convincing evidence of genetic transmission of AIHD in
dogs has involved the studies by Lewis and colleagues on a colony of
animals with SLE (Lewis et al., 1965, 1973; Schwartz, 1975). Since
then, the author has investigated several dog families with what ap-
pears to be a familial predisposition to immune-mediated hematologi-
cal diseases. The cumulative data are shown in Figs. 1 and 2, and
Table III. In addition, two l-year-old littermate cats were reported to
have a Coombs'-positive, feline leukemia virus-negative hemolytic
anemia (Utroska, 1980).

E. RELATIONSHIP TO VIRAL INFECTIONS AND
VACCINATIONS
1. Viral Infections

Many diseases of immune-mediated origin are associated with or
triggered by virus infections (Dacie, 1967; Williams et al., 1972, Lewis
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self-antigens. This relationship has been the most clearly established
for SLE.

The pathogenesis of SLE in humans and animals involves environ-
mental influences, drugs such as procainamide, hydralazine, isoniazid,
trimethadione, and primidone, and genetic predisposition (discussed in
Section V,D), as well as viruses (Tizard, 1977; Halliwell, 1978). In the
NZB/NZW mouse hybrid predisposed to develop SLE, breeding experi-
ments suggested direct genetic transmission (Bielschowsky et al.,
1859), whereas infection with type C virus particles induced serologi-
cal changes in other laboratory mice (Mellors, 1969). Type C virus-
infected mice developed autoantibodies against nucleic acids and
erythrocytes. In the dog, either type C or paromyxovirus (human mea-
sles or canine distemper viruses) infections have been associated with
SLE (Lewis et al., 1973; Schwartz, 1975). In experimental studies when
SLE-affected dogs were bred, the number of serologically affected pro-
geny was higher than could be accounted for by genetic influences
alone (Lewis et al., 1973). These findings suggested that vertical trans-
mission was also involved. In other studies, when cell-free filtrates
from healthy, LE-cell-positive dogs were administered to newborn
mice and puppies, similar serological abnormalities were produced.
However, despite the presence of a high incidence of ANA and positive
LE preparations, neither the SLE-affected dogs nor those infected with
virus developed clinical signs of SLE. Thus the question of the commu-
nicable nature of canine SLE is unresolved (Halliwell, 1978).

In humans a similar viral association has been proposed because
individuals with SLE frequently have high titers to parainfluenza 1
and measles viruses (Tizard, 1977). Furthermore, myxovirus nu-
cleoprotein strands have been observed in the endothelial cells of
kidney biopsy specimens taken from SLE patients. With respect to
ATHD in humans, several virus diseases, particularly infectious mono-
nucleosis and mycoplasmal pneumonia, have been encountered (Dacie,
1967).

Acute-onset thrombocytopenic purpura in children is usually pre-
ceded by a seasonal (winter or spring) viral illness 1-3 weeks be-
forehand (Lusher and Iyer, 1977; Karpatkin, 1980). The most commonly
associated viruses are varicella, rubella, rubeola, and pharyngitis. In a
study of 305 children with idiopathic erqogvonv»ocn.:_n purpura, 80%
had «n antecedent viral infection (Luscher and Iyer, 1977). It has been
postalated that the platelet membrane is altered by the virus or by
solvble viral antigen—antibody complexes with an affinity for sites on




184 W. JEAN DODDS

the platelet surface. The platelets are thus susceptible to rapid destruc-
tion in the spleen or other parts of the reticuloendothelial syst¢ m. Both
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volvement and/or damage from viral infections have been implicated
,inr . . .

sexes are equally affected in this situation, and the disease has an
average duration of 1 to 2 months. From 7 to 28% of such child ‘en will
subsequently develop a chronic thrombocytopenia syndrome. The
chronic form of thrombocytopenia is more common in adults and usually
occurs in females. Remissions in clinical signs occur, although the
platelet count remains consistently at one-third to one-half of normal
values (Karpatkin, 1980). Some patients have an intermittent form of
thrombocytopenia with cyclical episodes occurring at 3- to 6-month
intervals. The relationship of viral diseases to these latter two forms of
thrombocytopenia is unclear.

2. Vaccinations

Recent vaccinations against viral diseases have been implicated as
causes of acute-onset thrombocytopenia in children (Oski and Naiman,
1966; Bachand et al., 1967; Lusher and Iyer, 1977; Karpatkin, 1980).
The effect is seen during the period of viremia, 5-10 days after vac-
cination. Measles vaccine has been reported most frequently to cause
such reactions (Oski and Naiman, 1966; Lusher and Iyer, 1977). Ex-
perimental studies in a variety of domestic and wild animals (bear,
deer, fox, raccoon) have shown a consistent drop of about 100,000 per
mm” in the circulating platelet count, beginning 3-5 days following
use of modified live measles or canine distemper vaccines and lasting
for as long as a week thereafter (Dodds, 1982). In clinical situations, a
number of cases of bleeding tendency with petechiation and ecchymo-
tic hemorrhages of the skin and mucous membranes have been re-
ported following routine use of modified live measles and distemper
virus vaccines in dogs (Dodds, 1980), and hog cholera vaccine in swine
{Pilchard, 1966). In addition, animals with a preexisting congenital or
hereditary hemostatic defect, such as hemophilia or von Willebrand’s
disease, frequently exhibit clinical signs of a bleeding tendency in the
5- to 10-day postvaccinal period. Elective surgery is thus contraindi-
cated during this interval (Dodds, 1980).

Whether the vaccine-induced thrombocytopenia and thrombopathy
are caused by an immunological mechanism is unknown, but many
investigators and clinicians support this concept (Lusher and Iyer,
1977). Because the effect is not seen prior to the viremic phase postvac-
cination, one could postulate a hapten-mediated immune mechanism
inwhich antibodies develop to the viral-coated or virus-infected cell.
Immunofluorescent studies of the bone marrow of animals 7-10 days
after viral infection or vaccination have located viral particles within
megakaryocytes (Osborn and Shahidi, 1973), and megakaryocyte in-

1977). Parallel studies of experimentally induced Ehrlichia canis in-
fection in dogs have demonstrated increased platelet destruction by an
tmmunological process primarily involving the spleen (Smith ef al,
1975). :

The situations just described implicate vaccination with attenuated
live viruses as one of the causative factors or “triggers” of immune-
mediated disease in a susceptible host. That these adverse reactions
can also occur in families provides evidence in support of genetic pre-
disposition as an etiological factor. Although speculative at this point,
the possibility exists that frequent exposure to monovalent or multi-
valent modified live vaccines sensitizes a susceptible host to viral anti-
gen and increases the risk of developing immune-mediated reactions.
There is a trend among virologists and immunologists to be cautious
about the indiscriminate use of live virus vaccines, especially because
of the risk of mutation or reversion of shed virus in vaccinated indi-
viduals to a virulent form. For example, could the current endemic of
gastroenteric virus diseases of dogs (corona and parvoviruses) have
resulted from mutated strains of vaccine viruses from this or other
species? More specifically, could a mutant strain of cat enteritis (feline
panleukopenia) virus have produced the highly infectious, virulent
canine parvovirus (CPV)? In addition to the potential for viral rever-
sion to a pathogenic form, mutated viruses could be recognized as new,
foreign antigens to the host population, and the increased frequency of
immune-mediated anemias and thrombocytopenias might thus be as-
sociated with the recent and concomitant widespread exposure to and
vaccination against CPV.

Since the beginning of 1981, our laboratory and several other veteri-
nary clinical pathology laboratories have been compiling careful histo-
ries of cases referred for immune-mediated blood discases. In many
cases there has been an association with recent exposure to CPV dis-
ease or vaccination 1 day to 3 weeks previously with modified live
virus (MLV), feline panleukopenia virus (FPV), or CPV vaccine to
protect against CPV disease (Young, 1981; Dodds, 1982; C. Pertz, 1981,
personal communication; A. G. Ibsen, 1982, personal communication).
In only a few instances did the recent history include vaccination with
the killed form of FPV or CPV vaccine. A high percentage of these
cases have been severe and resulted in perfnanent side effects, poor
prognosis, or death. Some cases of immunec-mediated anemia have pro-
gressed to a fatal dyplastic anemia-like syndrome whereby the marrow
ceases to produce new red blood cells and/or platelets. In other re-
covered cases, the marrow remains dyplastic for about 3 weeks, after
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ticulocyte counts rebound ?oB zero to over moQa of the blood smear in a
matter of 3 to 4 days, once the marrow begins to respond (Dodds, 1982).
This very serious syndrome has been particularly common in the Old
English sheepdog, and several of these affected dogs have been young-
er than is usually encountered in immune-mediated discase (<2 years
old) and were males. Nine affected sheepdogs had the same sire (Table
11D, and four were from the same litter of seven that had initial signs of
disease from 5 to 10 months of age. Three of these dogs died as a result
of nonresponsive erythroid dysplasia. In the Scottish terriers referred
for immune-mediated anemia and thrombocytopenia (Section V,C),
signs of disease in most cases followed recent vaccination with MLV,
FPV, or CPV. Two 8-week-old golden retriever littermates were re-
ferred for profound anemia and jaundice. Both had strongly positive
Coombs’ tests directed against IgG + complement, and both responded
dramatically to high doses of dexamethasone. Both pups had received
MLV distemper-hepatitis—parainfluenza~CPV vaccinations 6 days
previously. Another case involved a healthy 4-year-old poodle given a
routine MLV-CPV vaccination. Within 24 hr the animal’s skin and
mucous membranes were covered with tiny purple bruises, and the
platelet count was <10,000 per mm3. The dog recovered uneventfully
following aggressive treatment with dexamethasone,

Perhaps the most bizarre reactions observed to follow vaccination
with MLV-FPV or -CPV vaccines have been pemphigus-like disor-
ders. In six cases, the toenails on all four feet began to slough in a
painless, nonswollen manner 7-10 days after vaccination (Dodds,
1982; C. Pertz, 1981, personal communication). All toenails eventually
sloughed and had not regrown as of this writing. A widespread nec-
rotizing dermatitis of the decubital areas of the limbs was reported in
two litters of German shepherd puppies from the same sire (Ibsen,
1982). Both litters had been vaccinated 2 weeks previously with a
multivalent product containing MLV~CPV. The third unusual finding
has been an increase in the number of dogs referred with severe ict-
erus, tender abdomens, swollen livers, and markedly elevated hepatic
serum enzymes (Dodds, 1982; R. J. Wilkins and A. I. Hurvitz, 1981,
personal communication; S. Crowe, 1982, personal communication).
The history of such cases with a hepatitis-like syndrome has usually
been a recent exposure to active cases of CPV disease or MLV-FPV or
~CPV vaccination in the previous 1-4 weeks.

It cannot be concluded from these observations that MLV-FPV or
~CPV vaccines are unsafe for dogs for several reasons. First, hundreds
of thousands of dogs have been routinely and repeatedly vaccinated for
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apparent reactions may have involved o=€ those with a susceptible
genetic or physiological makeup. Unfortunately, there is no way to
predict or identify susceptible individuals. Avoiding the repeated use
of MLV-FPV, or ~CPV vaccines for close relatives of known immune
reactors is one way to reduce the risk of immune-mediated problems.
Such dogs should, of course, be given regular, spaced immunizations
with the killed feline- or canine-origin vaccines to protect against overt
CPV disease. Second, the fact that the observed reactions have fre-
quently included a recent history of MLV, FPV, or CPV vaccination
may be coincidental and not causally related for many of the cases. In a
few situations, however, an immediate, severe febrile and immune-
mediated destruction of red blood cells and/or platelets has followed
vaccination within 24 to 48 hr. These reactions clearly were vaccine
related, but it cannot be concluded that MLV, FPV, or CPV vaccine per
se was the cause, because a similar reaction might have occurred if the
dog had received another type of vaccine. Third, could the observed
reactions result from the frequent revaccinations given to produce pro-
tective titers in relatively nonresponsive animals? Repeated exposure
to viral antigen by frequent vaccinations could sensitize the host and
eventually cause an immune-mediated reaction. In such dogs, what is
a “safe” interval between vaccinations?

In summary, further research is necessary on the immune responses
of dogs to vaccination procedures that would normally be considered to
be routine. Whether immune-mediated reactions occur only in genet-
ically predisposed or susceptible individuals needs to be clarified. Al-
ternatively, certain types of viral antigens, such as CPV or FPV, may
be more likely to trigger immune-mediated reactions. In this case,
MLV vaccines may produce a severe immune reaction as the virus
multiplies in the host and provides more antigenic stimulation. 1low-
ever, on this basis MLV vaccines produce higher antibody titers than
killed vaccines, a factor that is beneficial to the host. The advantages
and possible risks involved must be considered before a decision is
made about the type and frequency of vaccines to be used. It is impor-
tant that the veterinary profession record any usual drug or vaccine
complications, especially those that produce immunological reactions.

F. HorMONAL Hz_qrcmzo_mm

Traditionally, immune-mediated diseases are two to three times
more common in females than in males, and this trend also applies to
animals whether they are intact or neutered (Schalm, 1975; Dodds,
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and lyer, 1977; Karpatkin, 1980), but whether this applies to the simi-
lar syndrome in young animals is unknown. An interesting finding in
the 305 cases of acute thrombocytopenia in childhood reviewed by
Lusher and lyer (1977) was an 87% preponderance in whites, with only
13% of black racial origin, although the pediatric hospital population
at large was 55% black. These authors speculated that the less severe
form of the disease with superficial petechiae and bruises might go
unnoticed by the parents of a black child. However, only one child had
a chronic, mild form of disease, thus a real difference in racial suscep-
tibility was likely. A similar situation pertains in animals, especially
of the poodle breed, in which acute-onset thrombocytopenic purpura is
much more commonly seen in white, light-skinned animals than in
grey or black dogs (Wilkins et al., 1973).

That the frequency of AIHD is similar in intact or spayed females is
difficult to reconcile with the concept that hormonal influences are
important in triggering or predisposing individuals to immune-medi-
ated disease. Certainly our findings with the vizsla family (Fig. 1)
strongly suggest an association between reproductive irregularities
and the subsequent appearance of antierythrocyte and/or antiplatelet
antibodies and overt hematological disease or the risk of such a
disease.

Stress situations including pregnancy (Williams et al., 1972;
Schalm, 1975; Dodds, 1977); hormonal imbalance such as abnormal or
irrcgular estrous cycles, pyometra, and pseudocyesis (Fig. 1, Table IV;
Dodds, 1977); and other underlying diseases precipitate episodes of
discase in early or subclinical cases, and aggravate the preexisting
discase of affected individuals. In our experience, spaying females in
these instances has averted overt clinical disease.

G. DruG REACTIONS

Drug-induced immune hemolysis and/or thrombocytopenia occurs in
humans and animals (Williams et al., 1972; Wilkins et al., 1973; Dodds,
1977; Schoen and Trentham, 1981). Three mechanisms have been pro-
posed to account for the majority of these conditions: & haptene mecha-
nism, immune-complex formation, and true autoantibody induction
({Dodds, 1977). Schoen and Trentham (1981) have challenged the tradi-
tional theories and proposed that, for drug-induced SLE at least, the
drug acts as an adjuvant or immunostimulant to trigger polycional B-
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as evidence in m:vvog of the concept that experimental E::B_ Bomc_w
of autoimmunity can readily be induced by injections of a variety of
tissue components in complete Freund's adjuvant, thus producing al-
lergic encephalomyelitis, thyroiditis, orchitis, uveitis, and poly-
arthritis (Schoen and Trentham, 1981).

The therapeutic agents implicated in provoking SLE in humans in-
clude hydralazine, procainamide, isoniazid, practolol, hydantoins,
chlorpromazine, D-penicillamine, and nitrofurantoin (Schoen and
Trentham, 1981). Other drugs that can produce AIHD and/or throm-
bocytopenia are quinine, quinidine, stibophen, sedormid, a-meth-
yldopa, cephalothin, indomethacin, phenacetin, phenylbutazone, di-
lantin, streptomycin, and the most commonly recognized causative
drugs, penicillin and heparin (Babcock et al., 1876; Dodds, 1977). Sev-
eral of these drugs also produce a parallel disease entity in animals. It
is generally believed that drug reactions of this type occur only in
genetically susceptible subjects. An increased risk for the development
of drug-induced SLE has been reported in persons with the alloantigen
HLA-DRw4 (Schoen and Trentham, 1981).

Heparin-induced thrombocytopenia is a commonly reported disease
in humans (Babcock et al., 1976). An immunological mechanism has
been proposed for this effect in some patients, whereas in others and
particularly in species such as the dog, hamster, rat, and guinea pig
(Babeock et al., 1976; Dodds, 1980), heparin induces platelet aggrega-
tion in vive, which causes thrombocytopenia.

H. STrESS AND UNDERLYING DISEASE

Immune-mediated diseases are associated with a variety of underly-
ing diseases and are frequently precipitated by stress (environmental
and hormonal influences) in genetically susceptible individuals (Dacie,
1967; Williams et al., 1972; Dodds, 1977). The most commonly associ-
ated diseases in humans and animals are lymphoreticular malignan-
cies, especially lymphocytic leukemia, lymphosarcoma, and reticulum
cell sarcoma, and other autoimmune disorders such as SLE, rheu-
matoid arthritis, and immune-mediated thrombocytopenias. Rarely,
cases have occurred with carcinomas, viral diseases such as infectious
mononucleosis, mycoplasmal pneumonia, gevere bacterial infections,
and inflammatory or granulomatous diseases (ulcerative colitis, rheu-

matic fever, acute and chronic liver disease, and sarcoidosis) (Dodds,
1977.
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xtremes in temperature result in seasonal occurrences of ATHD

and7or (hirombocytopeni T . : ;
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whereby steroids ameliorate AIHD is unknown but may involve sup-
ression of erythrophagocytosis as well as the immune response. Se-

ic cases of canine AIHD or thrombocytopenia in remission or under
contro! frequently relapse a few days to a week following a severe cold
spell in winter or hot spell in summer (Dodds, 1982). Five dogs with
chronic AIHD had a sudden relapse with in vivo hemagglutination and
hemolysis 2-3 days following extremely hot weather. The blood of
these animals had been monitored on a regular basis by laboratory
testing for more than a year previously, and had been negative for
serological evidence of antierythrocyte activity. All five dogs relapsed
at the same time and were referred to our laboratory by three different
veterinary clinics. This was a dramatic example of the effects of en-
vironmental stress in aggravating preexisting disease.

VI. Management and Treatment

Management of acute cases of immune-mediated anemia and/or
thrombocytopenia consists mainly of reducing stress and restricting
activity to reduce the chance of trauma, especially to the head. Al-
though intracranial hemorrhage is a relatively rare complication, in
severe thrombocytopenia bleeding into the central nervous system is a
serious and often fatal occurrence.

Treatment should be directed at correcting the anemia and keeping
the patient free of purpura, if thrombocytopenia is present. It is not
necessary to restore the platelet count to normal for counts of 50,000 to
80,000 per mm3 are usually sufficient in humans and animals (Lusher
and Iyer, 1977; Dodds, 1980; Karpatkin, 1980) to prevent bleeding.

A. Rep Crry DISORDERS

With respect to AIHD, transfusions should be avoided whenever
possible because they accelerate hemolysis (Dacie, 1967; Williams et
al., 1972; Schalm, 1975; Dodds, 1977; Pearson, 1980). Individuals with
chronic, compensated anemia can tolerate low hematocrits (12—-20%)
quite well and can be managed in a nonstressed environment without
transfusions. If replacement is essential, it is crucial that transfusions
be with typed, cross-matched red cells (Dodds, 1977). Truly serocom-
patible blood does not exist for these patients, and so the transfused
cells will have a shortened in vivo survival.

The treatment of choice for immune-mediated anemias is cor-
ticosteroids (Williams et al., 1972; Schalm, 1975; Schalm et al., 1975;
Dodds, 1977). The effect is quite rapid (24-48 hr); the mechanism

verely affected patients need high doses of parenteral steroids until the
hematocrit has stabilized, followed by oral medication at reduced lev-
els once the hematocrit starts to rise and the reticulocyte count falls,
Maintenance doses of steroids are given every other day for the next
1-2 months. In some patients, low maintenance doses are required on
a long-term basis to prevent relapses. Only minor side effects such as
weight gain have been encountered with long-term treatment (2-3
years) in dogs (Dodds, 1982). In humans, about 75% of cases improve
and/or stabilize even if they remain Coombs' positive, and only about
5-10% of cases are refractory to steroids. It is not advisable to treat
Coombs'-positive cases that have no clinical signs with steroids.

In our collective experience with over 300 cases, the steroid of choice,
especially in severe disease, is dexamethasone. In the rare but near-
fatal cases of erythroid dysplasia syndrome mentioned earlier (Section
V.E), aggressive therapy with dexamethasone was the only treatment
to which the patients responded. Why this corticosteroid appears to be
more efficacious that the commonly used prednisone or prednisolone is
unknown, although we may now be encountering immune-mediated
disorders of different etiology than were seen previously.

Our dosage of dexamethasone is calculated as follows: body weight
divided by eight and given as milligrams of dexamethasone on a daily
basis. This dosage is given in divided doses two to three times a day.
For example, a 40-pound (18.4-kg) dog would receive a total of 5 mg
dexamethasone daily as 2, 1, and 2 mg during the course of 24 hr. This
amount is continued for 5 to 7 days and is roughly equivalent to 1
mg/pound/day of prednisone. The dosage is then reduced by one-third
to one-half for another week and then again by one-third to one-half for
the third week. After this time, treatment is maintained at 0.03 to 0.05
mg/pound/day every other day, as needed. Contrary to popular and
pharmacological opinion, alternate-day dexamethasone treatment has
worked well for our cases as well as for other clinicians. In some cases,
veterinarians have switched their patients from dexamethasone to
prednisone for long-term maintenance. In our experience, it probably
is not important which steroid is used for most patients once the dis-
ease process is under control, but we do have a group of patients in
which relapses occur within a week of discontinuing dexamethasone
therapy and/or switching to prednisone or prednisolone. We therefore
recommend maintaining dexamethasone ak the steroid of choice as
long as it is needed. Side effects of long-term therapy have not been a
significant problem.

Splenectomy may be necessary or useful in steroid-refractory cases,




192 W.JEAN DODDS

in patients with frequent relapses, or when steroids are required con-
i in high doses to maintain the patient. The use of splenec-
tomy is still controversial, however, and recently has been called an
obsolete concept for routine treatment (Pearson, 1980). Once splenec-
tomy is performed, the patient is at risk for severe infection (especially
pneumococcal) and rapid death from a disseminated intravascular co-
agulation syndrome. This postsplenectomy syndrome is uncommon in
adults but is of concern in children, especially those with an underly-
ing ussociated primary disease (Jiji et al., 1973; Lusher and lyer, 1977,
Karpatkin, 1980; Pearson, 1980). Whether this syndrome occurs in
animals is unknown, but it should be kept in mind that splenectomized
animals are at risk to develop hemobartonellosis (Schalm et al., 1975).
In our experience, splenectomy has not been necessary in the manage-
ment of chronic AIHD. The most important factor in successful man-
agement has been the immediate initiation of an appropriate steroid
regimen.

Antimetabolite drugs or irradiation are also being used to treat AIHD
in humans and animals. This treatment is reserved for cases that are
steroid resistant, require very high doses of steroids, and/or did not
respond to splenectomy. Use of such drugs requires careful monitoring
of the patient because of the possibility of toxic side effects. The most
commonly used drugs are the vinka alkaloids (Vincristine, vinblastine),
cyclophosphamide, imuran, and 6-mercaptopurine (Dodds, 1977,
Lusher and lIyer, 1977; Halliwell, 1978; Kelton et al., 1981).

B. PLATELET DISORDERS

The treatment of immune-mediated thrombocytopenia is basically
the same as that discussed and recommended (Section VI,A) for red cell
disorders. We have found dexamethasone to be consistently more suc-
cessful in reversing thrombocytopenia than prednisone or pred-
nisolone. If this treatment is to succeed, patients must be treated as
soon as thrombocytopenia is discovered and not after several days or
weeks of intermittent treatment with a variety of drugs or transfu-
sions. Cases refractory to prednisone or prednisolone are usually re-
sponsive to aggressive dexamethasone therapy, but it takes higher
doses for more extended periods than would have been needed if dex-
amethasone had been used at first. The more debilitated the patient
and the more chronic the disease, the more difficult it will be to reverse
the process with steroid therapy alone. Long-term maintenance with
alternate-day dexamethasone has successfully controlled immune
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thrombocytopenia in dogs, cats, and horses, whereas prednisone has
not been as effective in another series of cases (Dodds, 1982). As men-

normal values with steroid therapy (Karpatkin, 1980). Bleeding is
unlikely to occur with platelet counts above 50,000 to 80,000 per mm?,
provided that the available cells are functional. We aim with our ani-
mal patients to keep platelet counts around 100,000 per mm?, because
higher counts usually require doses of steroids, which place the patient
at risk for hypercorticism.

Curiously, in acute childhood purpura, use of steroids is not routine
other than for the first few days after onset, and, according to several
experienced investigators (Lusher and Iyer, 1977; Karpatkin, 1980),
there is no real evidence that they are of benefit in reducing the risk of
serious complications such as intracranial hentorrhage. Perhaps the
differing experience with thrombocytopenia in animals reflects the fact
that most cases are not in neonates or young animals and represent
models of the chronic thrombocytopenias of humans.

The case for splenectomy in acute and chronic immune throm-
bocytopenia in humans is more justified than in AIHD, although this is
also controversial (Jiji et al., 1973; Lusher and Iyer, 1977; Karpatkin,
1980: Pearson, 1980). Certainly the majority of patients respond to
corticosteroids, splenectomy, immunosuppressive therapy, or a com-
bination thereof (Kelton et al., 1981). About 5 to 10% of childhood
thrombocytopenias become chronic, and these respond best to splenec-
tomy (Lusher and Iyer, 1977). A favorable response to moderate doses
of steroids usually indicates that the spleen is the major site of platelet
destruction, which suggests that the patient will benefit from splenec-
tomy (Karpatkin, 1980). Splenectomy has been reported to be success-
ful in 100% of such patients but has also been useful in 79% of patients
who were refractory to steroids, The rationale for splenectomy is that it
removes the potential site of platelet destruction as well as a major
source of antiplatelet antibody production, and it restores to the body
the active platelet pool (about 40%) normally sequestered in the
spleen. Interestingly, the antiplatelet antibody frequently persists af-
terwards despite the apparent clinical remission (Karpatkin, 1980). In
patients with severe thrombocytopenia the liver is also a major source
of platelet destruction, and so patients who fail to respond to splenee-
tomy may be exhibiting hepatic sequestration of platelets. The risk of
infection and death postsplenectomy, especially in children, should be

kept in mind (Jiji et al., 1973; Lusher and Iyer, mmqﬁ Karpatkin, 1980;
Pearscn, 1980).

Despite the conclusions of many investigators concerning the bene-
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fits of splenectomy for immune thrombocytopenia in humans (Lusher

.

e
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serological evidence of AIHD and/or thrombocytopenia without dis-

have resorted to splenectomy in only 2 cases of the more than 200
studied (Dodds and Wilkins, 1977). Neither case responded to splence-
tomy. We also have not used antimetabolite drugs for these cases,
although one problem case was nonresponsive to high doses of dex-
amethasone alone and responded to two, weekly spaced injections of
vincristine along with the dexamethasone (Dodds, 1982). Use of anti-
metabolite drugs in humans and animals with thrombocytopenia has
been increasing, and our recommendations are that clinicians rely on
treatment regimen(s) that have been successful in their own ex-
perience.

Platelet transfusions with fresh platelet-rich plasma or fresh or
frozen platelet concentrates have a very limited role in the manage-
ment of acute thrombocytopenia of childhood (Lusher and lyer, 1977).
Usually such transfusions neither alleviate bleeding nor produce a
detectable rise in platelet count, and the transfused platelets are
rapidly destroyed. Therefore, platelet transfusions are reserved for
cases of life-threatening bleeding or to cover the patients for surgical
procedures. Occasionally platelet transfusions are needed in conjunc-
tion with high doses of steroids to protect the patient during
splenectomy.

To summarize the information available for treatment of throm-
bocytopenia (Karpatkin, 1980), about 50% of patients respond to
steroids alone. Long-term therapy is usually required because cessa-
tion results in eventual relapse in chronic cases. Splenectomy is suc-
cessful in about 65 to 70% of human cases, but has not been needed in
our experience with over 200 cases in dogs. Patients refractory to
steroids and splenectomy present more serious problems. About a third

of these are also refractory to immunosuppressive therapy and have
frequent relapses.

VII. Prevention

Unfortunately, until affected patients are admitted with clinical
signs of immune-mediated disease, there is no way to identify those at
risk in the population at large. In families with an apparent genetic
predisposition to such diseases, however, serial monitoring of the rela-
tives, as discussed earlier (Section II1,C), can be helpful in predicting
eventual disease. It is important to remember that it is not uncommon
for clinically healthy relatives of affected individuals to have positive

case. Thus, a safeguard for all breeding stock, especially females with
reproductive irregularities, is to monitor them on a regular basis for
serological changes compatible with impending immune-mediated dis-
case. This approach has been used successfully in our laboratory for
the past 5-6 years with several affected families of dogs (Figs. 1 and 2)
(Dodds, 1982). .
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