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Abstract

Background: Antiplatelet antibodies are detected in multiple diseases including pri-

mary immune thrombocytopenia (ITP). Dynamics of how these antibodies change

over time in ITP is unknown in dogs.

Hypothesis/Objectives: Antiplatelet antibodies (APA) will be detected in thrombocy-

topenic dogs with multiple etiologies and dynamics of APA in dogs with ITP can be

used to evaluate response to treatment and relapse. Determine APA at the time of

diagnosis in thrombocytopenic dogs and serially in primary ITP dogs.

Animals: Seventy-nine thrombocytopenic dogs and 28 primary ITP dogs.

Methods: Direct flow cytometry was performed in thrombocytopenic dogs at initial

evaluation and serially in suspected primary ITP dogs. In primary ITP dogs, a 2-tailed

Fisher's exact test was performed comparing survival to discharge between dogs with

and without melena and to relate response to treatment and relapse to changes in APA

and platelet count (repeated measures analysis, Spearman correlation).

Results: Twenty percent (16/79) of thrombocytopenic non-ITP dogs with infectious,

neoplastic, or other diseases and all primary ITP dogs were positive for APA. Melena

at initial evaluation was associated with decreased survival to discharge (odds ratio

0.06; P = .01). Persistence of APA was not associated with response to treatment,

but recurrence of antibodies was associated with relapse (odds ratio 205.0; P < .01).

There was no difference in percentage of APA or platelet count at initial diagnosis

between dogs that did or did not respond to treatment.

Conclusions and Clinical Importance: Serial monitoring of APA in dogs with primary

ITP appeared beneficial for determining relapse of disease.
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1 | INTRODUCTION

Antiplatelet antibodies (APA) are detected in a number of dogs and

humans with thrombocytopenia and concurrent infectious, toxic,

inflammatory, and neoplastic diseases which suggests that immune

responses could play a role in the pathogenesis of these conditions in

some dogs (secondary immune thrombocytopenia [ITP]).1,2 Primary or

idiopathic ITP is diagnosed when all known other possible secondary

causes of ITP have been excluded.1,2 In historical studies with small

numbers of cases, differentiation of primary or secondary ITP in dogs

using APA detection methods has been considered to be inaccurate.3-17

Antiplatelet antibodies are documented in approximately 60%-70% of

people diagnosed with primary ITP,2,18 and it is theorized that non-anti-

body-dependent mechanisms such as direct cell-mediated destruction

contribute to this disease in some people.2,19,20 Some dogs with

suspected idiopathic ITP lack antibodies.3 Recently, there was a call in

human medicine to investigate these antibodies in patients diagnosed

with primary ITP and to see if the presence of these antibodies relate

to important clinical variables such as prognosis, response to treatment,

or recurrence/relapse.21 There is a possible benefit of detecting APA in

relationship to severity of disease such as bleeding risk, response to

treatment, and recurrence of disease in people.20-24 To our knowledge,

no such studies have been pursued in veterinary medicine. It is

unknown how these antibodies change in dogs diagnosed with primary

ITP over time and if these changes would be considered clinically rele-

vant. Therefore, the objectives of our study were to evaluate thrombo-

cytopenic dogs for the presence of APAs, to characterize the dynamics

of these antibodies over time in dogs diagnosed with primary ITP, and

to determine if APAs relate to response to treatment, relapse/recur-

rence, or both in dogs with primary ITP.

2 | MATERIALS AND METHODS

2.1 | Case selection and flow cytometry

This study was announced to veterinarians at the Veterinary Teaching

Hospital at Colorado State University by email, didactic rounds, and in

person during individual case consultation. In the first phase of the

study, we performed a convenience sampling to specifically identify

client-owned dogs with concurrent conditions suspected or known to

have been associated with secondary ITP such as infectious agents

and neoplasia. In the second phase of the study, we specifically

targeted client-owned dogs suspected to have primary ITP. Anti-

platelet antibody determination by flow cytometry was offered at no

cost from the remaining blood sample previously used for a CBC.

Thrombocytopenia was defined as a platelet count less than 60 000

platelets/μL for primary ITP dogs and less than 200 000 platelets/μL

without many platelet clumps for thrombocytopenic dogs due to

other causes. For all samples in the study, blood was collected in

EDTA (BD Vacutainer K2 EDTA 3.6 mg 2.0 mL tubes, Franklin Lakes,

New Jersey) and stored at 4�C until assayed by flow cytometry within

72 hours as previously described using FITC-labeled rabbit anti-dog

IgG (Jackson ImmunoResearch Labs).25 Platelets from a healthy

research Beagle served as a negative control at each time point. This

was approved by the Institutional Animal Care and Use Committee,

and the Beagle was housed in the institution's standard research facil-

ity. APA detected by flow cytometry were recorded as yes or no with

regard to positivity in addition to percentages (mean of duplicate mea-

sures). All samples were analyzed using a flow cytometer instrument

(Cyan ADP instrument, Beckman Coulter, Miami, Florida), and the

generated data was analyzed using standard software (FlowJo

software, Tree Star, Ashland, Oregon). Samples with APA ≤10% were

categorized as negative and APA >10% were categorized as positive

as described in the optimization of the assay.6,15,25

2.2 | Client-owned thrombocytopenic dogs
with concurrent diseases

For this phase of the project, blood was collected from dogs evaluated

during April 2016-September 2018. After review of the medical record

by 1 of the authors (S.S.), each of the dogs in this group was determined

to have a possible secondary cause for thrombocytopenia such as neo-

plasia (diagnosed via cytology, histopathology, or both) or an infectious

disease (diagnosed via serology, PCR, or both types of testing). To

increase the number of samples positive for infectious agents, blood

samples from thrombocytopenic dogs that were positive for Anaplasma

spp., Ehrlichia spp., Bartonella spp., Babesia spp., or Leptospira spp. DNA

via PCR (Fever of Unknown Origin RealPCR Panel [Comprehensive],

IDEXX Laboratories Inc, Westbrook, Maine) for DNA were supplied by

a collaborator and assayed within 72 hours of collection.

2.3 | Client-owned primary ITP dogs

This phase of the study was approved by the institutional clinical

review board, and all owners signed a client-consent form at the time

of enrollment. Blood samples were collected during September

2016-September 2018. Each dog had to be negative for antibodies

against Anaplasma spp., Borrelia burgdorferi, and Ehrlichia spp., antigens

of Dirofilaria immitis, and DNA of Anaplasma spp., Babesia spp.,

Bartonella spp., Ehrlichia spp., the hemoplasmas, Neorickettsia spp., and

Rickettsia spp. (Veterinary Diagnostic Laboratory, Colorado State Uni-

versity, Fort Collins, Colorado, and SNAP 4Dx Plus, IDEXX Laborato-

ries Inc). There could be no evidence of other possible causes of

thrombocytopenia such as other infectious agents, neoplasia, or other

conditions based on other infectious disease screening, thoracic radio-

graphs, or abdominal imaging (abdominal radiographs, ultrasound, or

both). Immunosuppressive treatment at the time of study enrollment

was not an exclusion criteria. Recheck appointments were determined

at the discretion of the attending clinician. Antiplatelet antibodies

detected by flow cytometry were recorded as percentages (mean of

duplicate measures) and as yes or no as defined on all initial and

recheck blood samples. The persistence of APA was defined as the

presence of antibodies 4 weeks after initiation of treatment for
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primary ITP. Recurrence of antibodies was defined as the presence of

antibodies after a dog had been previously documented to be

negative for antibodies. Response to treatment (yes or no) and recur-

rence/relapse (yes or no) was also recorded for each dog. Response to

treatment was defined as the platelet count returned to normal levels

(defined as ≥200 000 platelets/μL) within 4 weeks of initial diagnosis.

For statistical analysis, dogs that responded to treatment as defined

by the study were referred to as responders and dogs that did not

respond to treatment were referred to as nonresponders. To further

evaluate trends in the percentage of APA and platelet count over time

between responders and nonresponders, specific time points during

the study were evaluated. Time points were defined as initial (sample

collected at initial diagnosis), time 1 (sample collected within 1 week

of initial diagnosis), time 2 (sample collected within 1-2 weeks of initial

diagnosis), time 3 (sample collected within 3-4 weeks of initial diagno-

sis), and time 4 (sample collected within 5-6 weeks of initial diagnosis).

Relapse/recurrence of ITP was defined as a dog documented to have

platelet counts return to normal (defined as ≥200 000 platelets/μL)

after immunosuppressive treatment was initiated but on subsequent

rechecks had a platelet count of less than or equal to 100 000 plate-

lets/μL with few to no platelet clumps present.

2.4 | Percentage binding for APA in dogs
considered APA-positive

In order to investigate whether the percentage of binding helped dif-

ferentiate etiologies of thrombocytopenia in dogs that were consid-

ered positive for APA, the percentage of APA was evaluated between

dogs in the different categories (idiopathic, infectious, neoplastic,

other). For this comparison, only dogs that had not received any treat-

ment for suspected ITP were included in order to eliminate the poten-

tial effect of previous drug administration.

2.5 | Statistical analysis

A 2-tailed Fisher's exact test was performed to compare survival to dis-

charge (yes or no) between dogs with and without melena. Dogs were

defined as having melena if melena was observed at presentation.

A 2-sample t-test was performed to evaluate the association between

mean percentage of APA at initial diagnosis and survival to discharge.

A 2-tailed Fischer's exact test was performed to compare response to

treatment (yes or no) and persistence of APA (yes or no) and relapse

(yes or no) and persistence or recurrence of APA (yes or no). A 2-sample

t-test was performed to compare the mean percentage of APA and

platelet count between responders and nonresponders at initial diagno-

sis. A repeated-measures analysis (2-way analysis of variance[ANOVA])

was performed to evaluate trends in the mean percentage of APA and

platelet count between responders and nonresponders over specific

time points during the study. A Spearman correlation coefficient (r) was

used to assess the correlation between the mean percentage of APA

and platelet count in responders and nonresponders at initial diagnosis

and at 4 weeks after initial diagnosis. A 1-way analysis (1-way ANOVA)

was performed to compare percentage binding for APA in dogs classi-

fied as APA-positive in the different categories (infectious, neoplastic,

other, idiopathic ITP). All statistical analysis with the exception of

repeated-measures analysis (2-way ANOVA) were performed with com-

mercially available software (GraphPad Prism 5.0, San Diego, California).

For the repeated-measures (2-way ANOVA), analysis was performed

using R 3.6.1 with the lme4 and emmeans packages. A mixed model was

fit for each response variable (percent of APA or platelet count) sepa-

rately. Fixed effects included group (responder or non-responder) and

time (initial, times 1, 2, 3, 4) and group×time interaction. Subject was

included as a random effect to account for repeated measures on sub-

jects. Square root transformation was used to help satisfy model

assumptions. Comparisons of downstream time points versus initial

were done using Dunnett's method. For all statistical analysis, a P < .05

was considered significant.

3 | RESULTS

3.1 | Client-owned thrombocytopenic dogs
with concurrent diseases

A total of 79 dogs with thrombocytopenia had concurrent diseases

that could have been causative. These dogs were divided into the fol-

lowing categories: infectious (n = 17), neoplastic (n = 27), and other

(n = 36). One dog was placed into the other category in 2016 and then

was also included into the neoplastic category later in 2018, resulting

in a total of 79 dogs rather than 80 dogs. The age range of all dogs

was 9 weeks to 15 years.

3.2 | Thrombocytopenia due to infectious diseases

The distribution of infectious agents' positive test results were

Ehrlichia spp. (n = 6), Anaplasma spp. (n = 10), and Emmonsia spp.

(n = 1). The signalment and case details for most of the dogs in the

infectious category were unknown because the majority of samples

were provided by IDEXX. The signalment was known for 2 of the

17 dogs: a 9-week-old FI Husky with acute ehrlichiosis and a 6-year-

old MC German Shepherd with disseminated Emmonsia spp. The

median platelet count for these 17 cases was 62 000 platelets/μL

(range, 22 000-180 000). Eight of the 17 dogs (8/17, 47%) were posi-

tive for APA; 6 were positive for Ehrlichia spp., 5 were positive for

Anaplasma spp., 1 was positive for Emmonsia spp. For dogs in the

infectious category; median APA was 17% (range, 0.8%-68.0%).

3.3 | Thrombocytopenia due to neoplastic causes

Of the 27 dogs in the neoplastic category, 15 were female spayed and

12 were male neutered. None of the dogs in this category were sexu-

ally intact. The median age was 10 years (range, 5-15 years). Eighteen
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of the 27 (18/27, 67%) dogs were purebred and represented

12 breeds. There were 10 different neoplasms diagnosed. Four of the

27 (4/27, 15%) dogs had 2 concurrent neoplasms. Specifically, the

concurrent neoplasms included mast cell tumor (MCT) and soft tissue

sarcoma (STS); malignant pheochromocytoma with vascular invasion

and maxillary osteosarcoma (OSA); lymphoma and metastatic appen-

dicular OSA; and metastatic apocrine gland anal sac adenocarcinoma

(AGASACA) and a myelodysplastic disorder. Neoplasms that were

diagnosed in multiple dogs included lymphoma (n = 6), OSA (n = 4),

hemangiosarcoma (n = 5), MCT (n = 3), transitional cell carcinoma

(TCC) (n = 2), and STS (n = 2). Four of the 27 (4/27, 15%) dogs with

neoplasia were positive for APA, and 23 of the 27 (23/27, 85%) dogs

were negative for APA. Specific neoplasms that were associated with

a positive APA result included MCT, disseminated carcinoma, concur-

rent lymphoma and OSA, and concurrent metastatic AGASACA and

acute megakaryocytic leukemia. Median platelet count was 43 000

platelets/μL (range, 8000-160 000 platelets/μL). Three of the four

dogs that were positive for APA were tested for concurrent infectious

disease via serology (Veterinary Diagnostic Laboratory, Colorado

State University, and SNAP 4Dx Plus, IDEXX Laboratories Inc), PCR

(Veterinary Diagnostic Laboratory, Colorado State University) or

both serology and PCR and were negative. For dogs in the neoplastic

category; median APA was 4.2% (range, 0.5%-47.1%).

3.4 | Thrombocytopenia in dogs due to other
causes

Of the 36 dogs in the other category, 13 were female spayed, 2 were

female intact, 18 were male neutered, and 3 were male intact. Median

age was 6.5 years (range, 1-12 years). Thirty-one of the 36 (31/36,

86%) dogs were purebred and represented 26 breeds. Dogs in the

other category had multiple final diagnoses but classifications with >1

representative included apparently healthy (n = 5), pancreatitis (n = 2),

gastric ulceration (n = 2), pyelonephritis (n = 3), and rattlesnake bite

(n = 3). It is note that dogs were classified as apparently healthy if no

underlying disease was documented and dogs were otherwise

healthy. Median platelet count was 96 500 platelets/μL (range,

2000-198 000 platelets/μL). Four out of the 36 dogs (4/36, 11%)

were positive for APA. Specific diseases associated with a positive

APA included immune-mediated hemolytic anemia (IMHA; n = 2),

immune-mediated neutropenia (IMN; n = 1), and bone marrow sup-

pression from chlorambucil. For dogs in the other category; median

APA was 1.8% (range 0.3%-51.6%).

3.5 | Client-owned idiopathic/primary ITP dogs

3.5.1 | Animals

Of the 28 dogs diagnosed with primary ITP, 15 were female spayed

and 13 were male neutered dogs. Median age was 8 years (range

2-13 years). Twenty-four of the 28 dogs (24/28, 86%) were purebred

dogs and represented 21 breeds. Median platelet count was 8000

platelets/μL (range 1000-60 000 platelets/μL). All the dogs were posi-

tive for APA (median APA 37%; range, 11.5%-93.8%).

3.5.2 | Case presentation, survival to discharge,
and follow-up in idiopathic/primary ITP dogs

Clinical signs of bleeding was observed in most dogs (23/28, 82%) at

presentation and included petechiation, ecchymoses, gingival bleed-

ing, hematemesis, melena, and hematuria. However, thrombocytope-

nia was an incidental finding during a wellness examination in 5 dogs

(5/28, 18%); median platelet count was 16 000 platelets/μL (range

12 000-60 000 platelets/μL). Ten of the 28 dogs (10/28, 36%) pres-

ented with melena, and 5 of these dogs (5/10, 50%) were euthanized

within 48 hours of presentation. Reasons for euthanasia included

acute onset of a concurrent mesenteric torsion, financial constraints,

and owner concern for suffering and quality of life. In total, 6 of the

28 (6/28, 21%) dogs were euthanized (n = 5) or died at home (n = 1)

within 48 hours of presentation and 5 of these dogs (5/6, 83%) pres-

ented with melena. The presence of melena at initial evaluation was

associated with a decreased probability for survival to discharge

(P = .02). Overall, dogs that did not survive to discharge had lower

percentages of APA (median 32%, range 14%-44%), whereas survivors

had variable percentages of APA at initial diagnosis (median 39%,

range 11%-94%). The initial mean percentage of APA at diagnosis was

not statistically associated with survival to discharge (P = .06).

Twenty-one of the 28 dogs (21/28, 75%) were evaluated for per-

sistence of APA as defined by the study. Seven dogs could not be

evaluated for persistence because they were not evaluated after

4 weeks into study due to being lost to follow-up (n = 1), humane

euthanasia (n = 5), or died at home (n = 1).

The remaining 21 dogs were followed serially for various periods

of time (median 6 months; range, 2-24 months) depending on the time

of enrollment, clinician preference, and availability of for evaluation.

Five additional dogs were deceased at the conclusion of the study;

however, in 3 of the dogs, this was unrelated to ITP, progressive tra-

cheal collapse, progressive TCC and urine obstruction, and generalized

seizures. One dog had a relapse of ITP 10 months after initial diagno-

sis and owners chose to euthanize. Additionally, 1 dog was euthanized

within 2 months of diagnosis due to suspected idiosyncratic

mycophenolate toxicosis resulting in cutaneous lesions, increased

serum activity of liver-derived enzymes, and severe bone marrow sup-

pression. Two of the 28 (2/28, 7%) dogs were lost to follow-up at var-

ious time points after initial presentation (1 month and 2 months,

respectively). Reasons for this included noncompliant owners and pet

relinquishment to a shelter due to financial constraints.

3.5.3 | Treatment

At initial evaluation, IV (n = 16) or PO (n = 10) glucocorticoids (range,

0.8-2.6 mg/kg/day) were administered in 26 of the 28 dogs (26/28, 93%).
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Two dogs were initially not administered glucocorticoids due to con-

current conditions that could be exacerbated by glucocorticoids such

as diabetes mellitus and urethral sphincter mechanism incompetence.

Fifteen dogs (15/28, 54%) were administered vincristine (0.02 mg/kg

IV once) at initial evaluation. Nine dogs (9/28, 32%) were adminis-

tered ≥1 blood transfusions; 6 dogs received 1 transfusion, 2 dogs

received 2 transfusions, and 1 dog received 3 transfusions. A second

immunomodulatory drug in addition to glucocorticoids was started at

initial evaluation in 21 dogs (21/28, 75%). Specifically, 16 dogs

(16/21, 76%) were administered either IV (n = 2) or PO (n = 14)

mycophenolate (range 8.8-28.1 mg/kg/day); 2 dogs (2/21, 10%) were

administered cyclosporine (range 4.5-12.1 mg/kg/day); 1 dog (1/21,

5%) was administered cyclosporine (4.5 mg/kg/day) and azathioprine

(1.1 mg/kg/day); 1 dog (1/21, 5%) was administered azathioprine

(2.3 mg/kg/day); and 1 dog (1/21, 5%) was administered leflunomide

(0.89 mg/kg/day). Twelve dogs (12/28, 43%) were administered

doxycycline (range 5.1-8 mg/kg twice daily or 10.1-11.7 mg/kg once

daily) for 14-28 days.

Two dogs that were administered mycophenolate developed

adverse effects; 1 dog developed severe diarrhea necessitating dis-

continuation of the medication and 1 dog presented with a

hemoabdomen and was suspected to have suffered a severe idiosyn-

cratic reaction from the drug resulting in cutaneous lesions (patchy

erythema), increased serum liver enzyme activities, and severe bone

marrow suppression. There were no reported adverse effects from

cyclosporine administration. In the 1 dog that was administered

leflunomide, severe diarrhea was observed within 12 hours post-

administration of this medication resulting in discontinuation; how-

ever, it was later reinstituted with no diarrhea observed; therefore, it

is suspected that the diarrhea was not related to leflunomide.

3.5.4 | Response to treatment

Twenty-two dogs were evaluated for response to treatment as defined

by the study (defined as occurring within 4 weeks of diagnosis); 18 dogs

F IGURE 1 The platelet count and antiplatelet antibodies (shown as percent APA) at multiple recheck time points during study enrollment in
4 (4/18) client-owned dogs that were diagnosed with idiopathic/primary immune thrombocytopenia (ITP) and that demonstrated a response to
treatment and remained positive for APA during this time period (within 4 weeks of initial diagnosis) despite having normal platelet counts.

A percent APA ≤10% is considered negative. A, Dog that demonstrated a response to treatment and also experienced a relapse. B, Dog that
demonstrated a response to treatment but did not experience a relapse. C, Dog that demonstrated a response to treatment but was lost to
follow-up after 4 weeks. D, Dog with historical ITP that experienced a relapse while on treatment (was negative for APA at 8 and 11 weeks,
respectively, before relapse) and then subsequently showed a response to treatment.
*Indicates response to treatment. Response to treatment was defined as the platelet count returned ≥200 000 platelets/μL within 4 weeks of
initial diagnosis. Black arrows indicates the time of relapse. Relapse/recurrence of ITP was defined as a platelet count dropping to ≤100 000
platelets/μL with few to no platelet clumping present
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(18/22, 82%) were classified as having a response to treatment,

whereas 4 dogs (4/22, 18%) did not. Four of the 18 dogs (4/18, 22%)

that had a response to treatment remained positive for APA during this

time period despite having normal platelet counts. Figure 1 illustrates

dynamics of APA and platelet count in these 4 dogs. Two of the 4 dogs

(2/4, 50%) that were classified as not having a response to treatment

during this time frame remained positive for APA the entire time.

Figure 2 illustrates the dynamics of APA and platelet count in these

4 dogs over time. There was no statistical difference in response to

treatment between dogs with or without persistent antibodies. There

was no statistical difference in the percent of APA between responders

(n = 18, mean = 44.4, standard deviation [SD] = 24.2) and nonre-

sponders (n = 4, mean = 56, SD = 32.6) at initial diagnosis (P = .42).

There was no statistical difference in the platelet count between

responders (n = 18, mean = 12.6, SD = 13.7) and nonresponders (n = 4,

mean = 14.5, SD = 6.2) at initial diagnosis (P = 0.79). In dogs that had a

response to treatment and were able to evaluated for a change in APA

levels (n = 17), dogs became negative for APA within 3 to 67 days from

initial diagnosis (mean approximately 18 days). In responders, the per-

cent of APA at initial diagnosis was statistically higher than at time

2 (difference = −3.23, P = .0001), time 3 (−4.15, P < .0001), and time

4 (−3.62, P < .0001), and the platelet count at initial diagnosis was sta-

tistically lower than at all measured time points: time 1 (differ-

ence = 10.21, P = .0001), time 2 (14.74, P < .0001), time 3 (16.48,

P < .0001), and time 4 (16.44, P < .0001). In nonresponders, the percent

of APA and platelet count at initial diagnosis was not statistically differ-

ent from any time points (time 1-4): specifically, for the percent APA,

time 1 (difference = −2.23, P = 0.42), time 2 (−2.93, 0.07), time

3 (−1.75, 0.78), and time 4 (−1.12, 0.85); for the platelet count: time

1 (difference = 2.53, P = 0.91), time 2 (7.16, 0.28), time 3 (6.58, 0.71),

and time 4 (0.25, 0.99). When comparing responders to nonresponders,

the percent APA was not statistically different at initial diagnosis (differ-

ence = 0.69, P = .66) or at time 1 (−0.52, .78), time 2 (0.99, P = .54),

time 3 (3.09, P = .19) or time 4 (difference = 3.19, P = .09). When com-

paring responders to nonresponders, the platelet count was not statisti-

cally different at initial diagnosis (difference = 0.45, P = .89) or at time

1 (−7.23, P = .07), time 2 (−7.14, P = .05), or time 3 (−9.46, P = .14) but

was statistically different at time 4 (−15.74, P = .001) where responders

had higher platelet counts compared to nonresponders. There was no

correlation between the mean percentage of APA and platelet count at

initial diagnosis (r = .35, P = .11) or at 4 weeks after initial diagnosis

(r = −0.29, P = 0.32) in responders and nonresponders.

F IGURE 2 The platelet count and antiplatelet antibodies (shown as percent APA) at multiple recheck time points during study enrollment in
4 (4/4) client-owned dogs that did not demonstrate a response to treatment and were diagnosed with idiopathic/primary immune
thrombocytopenia (ITP). Response to treatment was defined as the platelet count returned ≥200 000 platelets/μL within 4 weeks of initial
diagnosis. A percent APA ≤10% is considered negative. A, Dog that remained positive but was lost to follow-up due to pet relinquishment. B, Dog
that remained positive for >8 weeks following initial diagnosis. C, Dog that was intermittently positive during the study period. D, Dog that
became quickly negative and remained negative throughout the study period
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3.5.5 | Relapse

Relapse was diagnosed in 2 of the 22 dogs (2/22, 9%) evaluated as

defined by the study. Both dogs that relapsed were historical idio-

pathic ITP dogs that had already experienced a previous relapse. In

1 dog, 2 relapses occurred during the course of the study. The first

relapse occurred 17 months after the initial diagnosis of idiopathic

ITP, the second relapse occurred exactly 1 year after the first relapse,

and the third relapse occurred exactly 1 year after the second relapse.

In the second dog that relapsed, the first relapse occurred 10 months

after the initial diagnosis of idiopathic ITP and the second relapse

occurred 11 months after the first relapse. In the 2 dogs that relapsed,

both had been previously negative for APA but were positive for APA

(recurrence of antibodies) at the time of relapse. Relapse of ITP was

associated with a recurrence of antibodies (P < .01).

3.5.6 | Percentage binding for APAs in dogs
considered APA positive

The percentage of APA varied greatly and had varying amounts of

overlap between the different categories (idiopathic, infectious, neo-

plastic, other) and was not statistically significant (P = .49) (Figure 3).

4 | DISCUSSION

In this study, APAs were documented in 100% of dogs diagnosed with

primary/idiopathic ITP but were also documented in 20% of thrombo-

cytopenic dogs with infectious, neoplastic, or other immune-mediated

conditions. All dogs diagnosed with idiopathic ITP were positive for

APAs. In dogs with idiopathic ITP, the response to treatment was not

associated with persistence of antibodies; however, relapse of ITP

was associated with recurrence of antibodies. Serial evaluation of

antibodies in conjunction with platelet count in dogs with idiopathic

ITP could be beneficial for determining relapse.

Antiplatelet antibodies were documented in thrombocytopenic

dogs with evidence of a number of different primary causes including

idiopathic ITP which is in accordance with previous studies3,5,6,8-17

further emphasizing the fact that these antibodies should not be used

to differentiate primary from secondary ITP in dogs. For infectious

disease etiologies, dogs with ehrlichiosis and anaplasmosis can be pos-

itive for APA, but to our knowledge, this is the first time this has been

reported in a dog with disseminated Emmonsia spp. infection.8-17

Dogs with a variety of neoplasms can be positive for APA, but our

study also documented antibodies in dogs with MCT and dissemi-

nated carcinoma which has not been previously documented.5,8,14,16

For thrombocytopenic dogs in the other category, only a small

number were documented to be positive for APA. Previous studies

have documented these antibodies in IMHA and IMN which was in

accordance with our study.5,6 Additionally, antibodies have been

detected in dogs with suspected secondary ITP from trimethoprim/

sulfadiazine drug administration,8 but to our knowledge, this has not

been documented with chlorambucil. In humans, a large number of

drugs have been implicated in drug-induced thrombocytopenia and

can be associated with the formation of immunoglobulin-associated

platelets. The mechanisms behind drug-induced thrombocytopenia

are complex but include processes such as hapten, neoepitope, and

autoantibody mechanisms.26,27 As mentioned previously, only a small

number of thrombocytopenic dogs in the other category were posi-

tive for APA. None of these dogs were subsequently diagnosed with

idiopathic ITP or required immunosuppression. Thrombocytopenia in

dogs lacking APAs is unlikely to be related to a humoral primary or

secondary immune-mediated process. Anecdotally, it has been theo-

rized that the lower the platelet count, the more likely the process is

to be immune-mediated and potentially a primary immune-mediated

process. Although the median platelet count for the dogs in the other

category was numerically higher than the median platelet count in

dogs with idiopathic ITP, it is important to note that several of these

dogs had severe thrombocytopenia and were initially thought to be

idiopathic ITP. This misclassification could have resulted in additional

financial burden to clients, the use of unnecessary medications, and

potential negative outcomes if aggressive immunosuppression had

been pursued.

All the dogs that were diagnosed with idiopathic ITP in this study

were positive for APA. This is in contrast to previous studies where

some dogs diagnosed with idiopathic ITP were documented to be

negative for antibodies.3,16,28 Possibilities for this include differences

in study design, assay methodology, or non-antibody-mediated mech-

anisms for thrombocytopenia. For example, only 60% to 70% of peo-

ple are documented to have antibodies potentially indicating that

non-antibody-dependent mechanisms are responsible for platelet

destruction.2,18 When considering platelet destruction in humans with

ITP who lack antibodies, CD8+ T cells result in direct platelet destruc-

tion and are also involved in subsequent platelet desialylation.2,18,29-32

It is unknown if these mechanisms occur in dogs.18

F IGURE 3 The percentage of antiplatelet antibodies (APA) were
recorded for dogs that were divided into 4 categories: infectious,

neoplastic, other, and immune thrombocytopenia (ITP). Only dogs that
were classified as positive (APA >10%) for APAs are depicted
graphically. The percentage of APA varied greatly and had varying
amounts of overlap between the categories. Median and interquartile
range are shown
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When considering factors such as survival to discharge in dogs

with idiopathic ITP, melena is a poor prognostic indicator.33 Possible

reasons include the need for blood transfusions and longer hospitali-

zations so dogs may be euthanized due to financial constraints. Addi-

tionally, dogs with melena can often appear much more clinically ill

than other dogs affected by ITP which can also lead to humane eutha-

nasia if owners feel that the quality of life is not acceptable. However,

a possible confounding factor in our study was that 3 dogs were

receiving concurrent nonsteroidal anti-inflammatory drugs (NSAIDs—

meloxicam or aspirin). Nonsteroidal anti-inflammatory drugs affect

platelet function and are associated with gastrointestinal bleeding in

dogs.34,35 Therefore, it is suspected that concurrent NSAID use could

have contributed to the observed melena and overall decreased sur-

vival to discharge and underlines the importance of thorough history

taking upon initial evaluation. However, the presence of melena could

be associated with a worse outcome and decreased survival to dis-

charge. Additionally, in our study, there was no association between

the initial mean percentage of APA at diagnosis and survival to dis-

charge. Future studies investigating the relationship between APA

percentage at initial diagnosis and survival to discharge in dogs with

idiopathic ITP could be performed.

There was no difference in the percentage of APA or platelet count

at initial diagnosis between dogs that did or did not respond to treat-

ment. In other words, there was no evidence of an association between

the magnitude of APA positivity or degree of thrombocytopenia and

response. Additionally, there was no statistical difference in trends of

percent of APA (at any time point) or in platelet count between

responders and nonresponders until approximately within 5-6 weeks

following initial diagnosis. From our correlation analysis, the percent of

APA and platelet count did not correlate at either time point in

responders or nonresponders. For example, if a dog (responder or non-

responder) was severely thrombocytopenic, the percent of APA could

be lower (eg, 17%) or higher (eg, 77%) and thus varied.

Persistence of APAs was not associated with lack of response to

treatment as defined in this study. In humans, there have been contra-

dictory results but lack of antibodies at baseline is associated with a

decreased response to rituximab which is considered a common

second-line treatment in humans with ITP and works by depleting B

cells.24 Additionally, the persistence of these antibodies in people

after treatment for ITP can indicate more severe disease.20

In contrast to assessing response to treatment, the dynamics of

APA did appear to be clinically relevant because the recurrence of

antibodies was associated with relapse. Specifically, 1 of the dogs that

relapsed had initially remained persistently positive for APA for

months but had become negative and was doing clinically well. How-

ever, over time, the dog became positive again with a gradually

decreasing platelet count. Of interest, peak cyclosporine levels had

been evaluated (Clinical Pharmacology Laboratory, Auburn University,

College of Veterinary Medicine) in addition to an assay evaluating

activated T-cell mRNA IL-2 expression (Pharmacodynamic Laboratory,

Mississippi State University, College of Veterinary Medicine) to assess

appropriate immunosuppression on cyclosporine treatment. The peak

cyclosporine level was at the high end of the recommended range,

and the IL-2 assay was consistent with maximal immunosuppression.

Despite these results, the dog relapsed on cyclosporine treatment

alone and glucocorticoids were reinstituted which resulted in a rapid

rebound in platelet count (527 000 platelets/μL) and the APA became

negative.

The documentation of recurrence of antibodies was helpful in

both dogs that relapsed because it helped to confirm that an active

immune process was likely contributing to the thrombocytopenia and

that it seemed unlikely to be related to benign causes such as method

of venipuncture or only exuberant platelet clumping. However, ques-

tionable thrombocytopenic samples should always be evaluated by a

clinical pathologist or simply repeated via clean venipuncture by a

skilled individual with or without fresh blood smear evaluation. In clin-

ical practice, dogs with idiopathic ITP are typically monitored by eval-

uating trends in platelet counts but it can be difficult to discern if a

relapse is occurring in some scenarios. In addition to platelet count,

mean platelet volume (MPV) can be monitored; however, multiple

mechanisms other than immune processes can result in an increased

MPV so it is unlikely this can be used for determining relapse in dogs

with ITP.36-39 Additionally, there are variable results as to whether

dogs with idiopathic ITP consistently have an increased MPV.16,40 It is

important to determine if a relapse is occurring because not only can

life-threatening bleeding events occur but it is important for appropri-

ate case management and client communication. Therefore, when

monitoring dogs diagnosed with idiopathic ITP over time, dynamics of

antibodies can be clinically useful when determining if a relapse has

occurred or possibly if there is concurrent active disease (such as

infectious or neoplastic causes).

There were several limitations to this study not previously men-

tioned. This study focused on whether a dog was considered positive

or negative based on our cutoff values25 in order to investigate vari-

ables such as response to treatment with persistence or recurrence of

antibodies. Analyses utilizing the actual percentages of APA were also

pursued but there are some limitations that should be discussed. One

limitation is that the percent of APA can vary within the previously

validated 72-hour period and samples for our study were not all col-

lected at a single designated time point but rather analyzed within

72 hours.25 However, our study objective was to evaluate the dynam-

ics of APA (ie, whether a dog is positive or negative) versus evaluating

the trends of the actual percentages (ie, whether a dog decreases

from 80% to 40%). However, this study could be pursued in the future

and could help better characterize APA in dogs with ITP. How the

dynamics of antibodies were related to specific treatment protocols

could have been investigated but the study design did not dictate

treatment protocols. This was not pursued because the aim of the

study was to evaluate these antibodies over time in dogs diagnosed

with idiopathic ITP regardless of treatment protocol. A second limita-

tion includes that the dogs were not monitored at specific follow-up

times. Therefore, it is unknown exactly when individual dogs became

positive or negative for APA during the course of treatment. How-

ever, unless the dogs were sampled daily for months, this would also

have been true even if weekly evaluations had been performed in all

dogs. Our study evaluated dogs for persistence or recurrence of
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antibodies over time at each recheck appointment and was not

designed to determine the specific time it takes to shift from positive

to negative or vice versa. Power and sample size calculations were

not performed, which is a limitation of this study, and results should

be evaluated accordingly. Additionally, because of this limitation,

there is the possibility of a type II error and future studies with sample

size calculations should be pursued. Another limitation of the study

could include the smaller number of dogs enrolled that were diag-

nosed with idiopathic ITP. However, most of the dogs were evaluated

for prolonged periods of time which garnered additional data for eval-

uation. An additional limitation to consider was the definition of what

was considered a response to treatment for dogs with idiopathic ITP.

If this definition had been less stringent or categorized dogs as having

a partial or full response, the results could have been different and is a

consideration for future studies in dogs when evaluating the associa-

tion between response and APA percentage.
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