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Clinical History & Signalment
Cain, a 5.5-year-old, 79.6-lb (36.2-kg), neutered 
male crossbreed dog, was presented for his annual 
examination, heartworm test, serum chemistry 
profile, and CBC. Clinical history was insignificant 
except for previously diagnosed bilateral coxofem-
oral degenerative joint disease.
 
Physical Examination
On physical examination, Cain was bright, alert, 
and responsive. Vital signs were within normal 
limits and BCS was 5/9. He had mild periodontal 
disease and decreased range of motion on bilateral 
hip extension. Remainder of the examination was 
unremarkable. 
 
Diagnosis
Results of routine heartworm antigen testing 
(including associated testing for Ehrlichia spp, 
Anaplasma spp, and Borrelia burgdorferi antibod-
ies) were negative. Serum chemistry profile did 
not indicate clinically significant abnormalities. 
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CBC revealed mild neutropenia (1.79 K/µL; refer-
ence range, 2.7-8.9 K/µL; see Table, next page). 
 
Neutropenia is caused by decreased production, 
increased destruction, increased demand, and 
sequestration.1,2 Common differential diagnoses 
include infectious disease, neoplasia, bone mar-
row disease, drug toxicity, and uncommon genetic 
disease (see Causes of Neutropenia, page 75).1-4 

CBC was repeated 16 days after presentation to 
confirm neutropenia before additional diagnostics 
were performed. Moderate neutropenia (0.92 K/
µL) and mild thrombocytopenia were noted.4 
Because the neutrophils were <1 K/µL, prophylac-
tic antibiotic therapy was recommended to reduce 
the risk for sepsis pending further testing for 
definitive diagnosis and therapy.1,5-9 However, the 
pet owner chose to routinely monitor Cain’s tem-
perature at home and have CBC rechecked on day 
20, which revealed progressive neutropenia and a 
normal platelet count. 
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IMN = immune-mediated neutropenia

Cain’s owner had recently moved to wooded prop-
erty; therefore, in-house tick-borne disease testing 
was repeated and showed a faint positive result for 
Ehrlichia spp antibodies. Because antibodies indi-
cate exposure—not necessarily infection—a vector- 
borne disease PCR panel (including Anaplasma  
spp, Babesia spp, Bartonella spp, Ehrlichia spp, 
Mycoplasma spp, and Rickettsia spp) was submitted 
to a reference laboratory to determine whether an 
active infection was present. Pending these results, 
Cain was empirically treated with doxycycline  
(10 mg/kg PO every 24 hours for 30 days) for possi-
ble ehrlichiosis. In addition, due to the worsening 
neutropenia, enrofloxacin (10 mg/kg PO every 24 
hours) was administered prophylactically to reduce 
the risk for sepsis.1,5-9 Enrofloxacin has a better 
gram-negative spectrum and is bacteriocidal, 
whereas doxycycline is bacteriostatic.
 
On day 31, results of the vector-borne PCR panel 
were positive for Mycoplasma haematoparvum and 
negative for Ehrlichia spp. Cain was not anemic; 
thus, the positive mycoplasmal PCR was suspected 
to be incidental, evidence of early infection, or a 

false-positive result. Given the negative PCR result 
and no clinical signs indicating ehrlichiosis (eg, 
fever, lethargy, petechiae, ecchymoses, lymphadeno-
megaly, splenomegaly), Ehrlichia spp was excluded 
as a cause for Cain’s leukopenia.10 A repeat CBC indi-
cated worsening, severe neutropenia and recurrence 
of mild thrombocytopenia (Table). Additional diag-
nostic tests for causes of neutropenia were per-
formed. Thoracic radiographs and abdominal 
ultrasound revealed no abnormalities. Because no 
causes were found for the neutropenia or throm-
bocytopenia, bone marrow sampling was recom-
mended.1,2 Presence of a persistent cytopenia or 
multiple cytopenias increase the possibility of 
bone marrow disease.2 A bone marrow aspirate for 
cytology and a core biopsy sample were obtained 
with the patient under general anesthesia. 
 
Bone marrow cytology was consistent with myeloid 
hyperplasia, with an increased number of immature 
neutrophils, indicating an appropriate response to 
the peripheral neutropenia. In addition, there were 

TABLE

CBC RESULTS

Day 1 Day 16 Day 20 Day 31  Day 47 Day 61

WBC (5-13 K/µL) 4.34 4.01 3.23 3.24 4.17 5.66

Platelets (134-396 K/µL) 168 125 132 116 153 203

Fibrinogen (0.1-0.4 g/dL) 0.3 0.4 0.1 0.5 <0.1 0.3

Neutrophils (2.7-8.9 K/µL) 1.79 0.92 0.72 0.53 2.5 3.58

Lymphocytes (0.9-3.4 K/µL) 2.02 2.4 1.83 1.98 1.2 1.49

Monocytes (0.1-0.8 K/µL) 0.14 0.08 0.12 0.13 0.38 0.3

Eosinophils (0.1-1.3 K/µL) 0.37 0.56 0.54 0.6 0.13 0.27

Basophils (0-0.1 K/µL) 0.01 0 0.01 0 0 0.01

Abnormal values are indicated in italic.
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adequate to increased megakaryocytes consistent 
with an appropriate response to the intermittent 
peripheral thrombocytopenia. There was no evi-
dence of inflammation, infection, or neoplasia. 
Based on these cytologic findings, the core biopsy 
was unlikely to yield additional information and 
was not submitted for histopathology.

Based on cytology results and negative findings for 
other causes, a diagnosis of immune-mediated neu-
tropenia (IMN) was made. In humans, flow cytom-
etry is used to detect antineutrophil antibodies and 
is considered the gold standard for diagnosis of 
IMN; however, this test is not as specific, sensitive, 
or readily available in veterinary medicine.2,3,11,12 
IMN is an uncommon, usually idiopathic, primary 
condition diagnosed by exclusion of other causes of 
neutropenia.1,3,11 In dogs with persistent peripheral 
neutropenia due to IMN, the most common finding 
on bone marrow cytology is myeloid hyperpla-
sia.2,3,11,12 However, some dogs may have hypopla-
sia, which indicates destruction of precursor cells 
in the bone marrow.11 

DIAGNOSIS:
IMMUNE-MEDIATED NEUTROPENIA
 
Treatment & Long-Term Management
Cain was treated with prednisone (1.5 mg/kg/day; 
50 mg/m2) on day 35. CBC was rechecked on days 
47 and 61, and resolution of neutropenia and 
thrombocytopenia was noted (Table). Enrofloxa-
cin was discontinued on day 47, as the neutrophil 
count was >1 K/µ/L. Doxycycline was continued 
for the remainder of the month-long treatment of 
M haematoparvum, as significance of the positive 
PCR result was uncertain. 

The most common treatment of IMN is immuno-
suppressive doses of glucocorticoids (eg, predni-
sone), in which a variety of dosages have been 
used, with the most common being 2 mg/kg PO 
every 24 hours.2,3,11,12 Due to the severe adverse 
effects of glucocorticoids seen in large-breed dogs, 
recent recommendations are to consider a dose 

CAUSES OF NEUTROPENIA

h Bacterial
 –Ehrlichia spp ± other rickettsial disease
 –Sepsis
 –Pneumonia
 –Dog bite infection
 –Peritonitis

h Viral
 –Canine parvovirus
 –FeLV
 –FIV
 –Feline panleukopenia

h Fungal
 –Histoplasma capsulatum
 –Cryptococcus neoformans

h Marked inflammation
 –Organ torsion
 –Bile peritonitis
 –Pancreatitis
 –Hemolytic anemia

h Neoplasia
 –Leukemia
 –Lymphoma
 –Multiple myeloma

h Primary bone marrow disease
 –Leukemia
 –Myelodysplasia
 –Myelofibrosis
 –Aplasia

h Drug toxicity
 –Chemotherapeutic agents
 –Estrogens
 – Trimethoprim sulfamethoxazole and other 

antibiotics
 –Phenobarbital
 –Methimazole

h Immune-mediated disease
 –Primary
 –Secondary to inciting cause

h Genetic
 –Cyclic hematopoiesis in gray-coated collies
 – Cobalamin deficiency/malabsorption 

in giant schnauzers
 –Trapped neutrophil syndrome in border collies
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based on body surface area (50 mg/m2 in dogs >55 
lb [25 kg]), as was used in this case.13 In most cases, 
dogs respond to corticosteroid treatment within 7 
to 10 days.2,3,11,12 Once the neutrophil count is nor-
mal, prednisone can be slowly tapered over 1 to 6 
months.11 Some dogs may require additional immu-
nosuppressive medications if they are not respond-
ing well to steroids or steroids are not tolerated 
well. Azathioprine (initial dosage, 2 mg/kg/day or 
50 mg/m2) is also commonly used.2 Serum chemis-
try profile should be routinely monitored, as azathi-
oprine can cause liver toxicosis. Some dogs may 
require long-term or lifelong therapy.

Prognosis & Outcome
CBC was repeated after Cain had been receiving 
prednisone for 1 month (day 61) and showed a neu-

trophil count of 3.58 K/µL. Prednisone was slowly 
tapered over the next several months, with CBC 
checked 1 week after each dose change. Cain con-
tinued to be healthy and was no longer receiving 
prednisone at the time of publication.

Prognosis for remission is good and typically fast 
after prednisone is instituted.2,11,12 A study of 11 
dogs showed rapid remission with prednisone  
and no relapse as corticosteroids were tapered.12  
However, in a recent study of 35 dogs, 12 devel-
oped a relapse of neutropenia when prednisone 
treatment was tapered or discontinued.11 Addi-
tional long-term studies are needed for more  
accurate assessment of relapse and to determine 
the number of dogs needing lifelong immunosup-
pressant therapy. n

TAKE-HOME MESSAGES

h IMN is an uncommon condition diagnosed based on 
exclusion of other causes of neutropenia. 

h Common differential diagnoses include infectious 
disease, neoplasia, bone marrow disease, drug 
toxicity, and genetic disease.

h The most common clinical signs are fever and 
lethargy; however, neutropenia may be an incidental 
finding on routine blood work. 

h Physical examination should be aimed at finding any 
nidus for infection that could cause neutropenia, 
particularly a heart murmur secondary to 
endocarditis, abscesses, spinal pain for 
discospondylitis, enlarged lymph nodes, and 
abdominal palpation abnormalities.

h Diagnosis involves sequential CBCs with blood smear 
analysis, serum chemistry profile, urinalysis, thoracic 
radiography, abdominal ultrasonography, tick-borne 
and other infectious disease testing, FeLV/FIV testing in 
cats, and bone marrow cytology and/or histopathology. 
In patients with clinical signs, urine and possibly blood 
cultures can be considered to rule out sources of 
infection.

h Treatment should begin with prednisone; most dogs 
respond within 7 to 10 days.

TREATMENT AT A GLANCE

h Prednisone should be started at an immunosup-
pressive dosage (2 mg/kg/day or 50 mg/m2 in dogs 
>55 lb [25 kg]) and CBC rechecked in 1 week. 

h If the neutrophil count is <1 K/µL, a broad-spectrum 
antibiotic to cover aerobic gram-positive and gram-
negative bacteria should be considered to reduce  
the risk for sepsis.1,5-9

h If the patient does not respond to prednisone alone, 
another immunosuppressant (eg, azathioprine  
[2 mg/kg/day or 50 mg/m2]) can be added.

h If azathioprine must be discontinued due to liver 
toxicosis, other immunosuppressants (eg, cyclo-
sporine, mycophenolate, leflunomide) can be 
attempted.

IMN = immune-mediated neutropenia

See page 79 for references.
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