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Disclosure

I am an internist and oncologist, not a clinical pathologist
I am a consultant with Idexx
I have used Idexx hematology equipment for 20 years
Thanks to Dr. DeNicola, Dr. Peta, and Dr. Yore, and to 
RACC



Today’s Program

Leukocytes
Analyzers
Total WBC versus differential count
Case discussions



Do you interpret CBC results the same 
way in a healthy than in a sick pet?



Do you look at all the blood smears?
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Total and Differential WBC Counts

Hand count
100 cells

Flow cytometer
12,000-15,000 cells



Leukocyte Type
Moderate 

Inflammation
Glucocorticoids 

(“Stress”)
Epinephrine 

(“Excitement”)

Mature 
Neutrophil  -  - N -

Band 
Neutrophil  - N N

Lymphocyte  -   N -

Monocyte N - N - N

Eosinophil   N

Basophil N - N N

Common Leukogram Patterns

N=normal

Common Leukogram Patterns



Stress leukogram

Neutrophilia

Lymphopenia

Eosinopenia 

(Monocytosis)



Stress leukogram

Neutrophilia

Lymphopenia

Eosinopenia 

(Monocytosis)



Addison’s Chronic Disease

Sick dogs/cats should have < 1,000 lymphs



Stress leukogram
A sick dog or cat SHOULD NOT have a high 
lymphocyte count! 
Unless:


Angry cat

Addison’s

VBDs

Leukemia/lymphoma

They are not lymphs…



Leukocyte Morphology

Left shift 
and toxic 
changes

Dr. DeNicola



My Experience
If you do not use CRP, the toxic neutrophil 

is the best marker of systemic inflammation



Leukocytes

Most dogs and cats with severe 
inflammation have  high WBC


True

False



Leukocytes

Most dogs and cats with severe 
inflammation have  high WBC


True

False



Neutrophil count
37% high
59% normal
4% low



Low Normal High

27.5% 30%

2.5%

Mean Lymph count: 
1,500 K/µL
30/40 (75%) 
Lymphs <2,000 K/µL



WBC count
39% leukopenia
22% normal
39% leukocytosis



Left shift or toxic changes

50% of cats with toxic NEUTS
have a normal count



Leukocytes and Inflammation

Repeat with me:

As many as half of the dogs and cats 
with severe systemic inflammation have 
normal WBC and neutrophil counts!!



Why do we care?

Left shift 
and toxic 
changes

Dr. DeNicola



Toxic Neutrophils
J Vet Intern Med 2005;19:64–73

Clinical, Biochemical, and Hematological Characteristics, Disease
Prevalence, and Prognosis of Dogs Presenting with

Neutrophil Cytoplasmic Toxicity
Itamar Aroch, Eyal Klement, and Gilad Segev

Neutrophil cytoplasmic toxicity is manifested as an abnormality in cell size or the cytoplasmic content upon examination of
Romanowsky-stained blood smears, and is traditionally associated with infection and inflammation. The purpose of this retrospective
study was to investigate the association of such changes with clinical and clinicopathologic characteristics, diseases, and prognoses
in dogs. Dogs with neutrophil toxicity (n ! 248) were compared with negative controls (n ! 248). Statistical analyses included
chi-square tests, independent t-tests, nonparametric Mann-Whitney tests, the chi-square trend test, and survival analysis. Dogs with
neutrophil toxicity had a significantly higher prevalence of pale mucous membranes, tachycardia, fever, abdominal organomegaly,
icterus, melena, and hematuria. Most mean hematologic variables were significantly different between groups. Dogs with neutrophil
toxicity had a significantly (P " .05) higher prevalence of leukocytosis, leukopenia, neutrophilia, neutropenia, anemia, hyponatre-
mia, hypokalemia, hypoproteinemia, hypoalbuminemia, and hypocalcemia. The prevalence of pyometra, parvovirus infection, acute
renal failure, peritonitis, immune-mediated hemolytic anemia, disseminated intravascular coagulation, pancreatitis, septicemia, and
neoplastic disorders was significantly higher among these dogs. Case fatality, hospitalization length, and treatment cost were
significantly (P " .001) higher in dogs with neutrophil toxicity. Neutrophil toxicity severity was significantly (P " .0035) and
positively associated with neutropenia, and negatively associated with leukocytosis and neutrophilia. A significant trend (P ! .05)
toward increasing case fatality with an increase of neutrophil toxicity was observed. In the neutrophil toxicity group, dogs with
leukopenia ("5.0 # 103/mm3) had a significantly (P " .0001) higher case fatality compared to dogs with normal or high leukocyte
counts. We conclude that evaluation of blood smears for neutrophil cytoplasmic toxicity provides useful clinical information and
can serve as a good prognostic predictor.
Key words: Canine; Döhle bodies; Hematology; Leukocytes; Toxic changes; Toxic neutrophils.

Toxic neutrophils have abnormalities in cell size, nuclear
shape and consistency, and cytoplasmic content,

which are evident upon examination of Romanowsky-
stained blood smears.1,2 Toxic changes occur in neutrophils
during their development in the bone marrow, and are di-
vided into 3 categories: nuclear, cytoplasmic, and giant neu-
trophils.1,2 The most commonly noted and important chang-
es are the cytoplasmic ones, which include diffuse baso-
philia, granulation, foamy vacuolation, and the presence of
Döhle bodies.1,2 Cytoplasmic basophilia appears as a bluish
gray to dark-blue cytoplasm as opposed to the normal neu-
tral cytoplasm of the cell, and results from RNA and ri-
bosome retention in the neutrophil’s cytoplasm during the
maturation process.1,2 Toxic granulation refers to the pres-
ence of azurophilic granules in the neutrophil’s cytoplasm,
and is presumed to result from retention of acid mucopoly-
saccharides and increased permeability of primary granule
membranes to Romanowsky stains.3,4 Vacuolation, which
appears as a mildly reticulated cytoplasm with loss of gran-
ule uniformity up to an intensively foamy cytoplasm, is
thought to be the result of autodigestion,3 or alternatively,
disruption of bone marrow production leading to integrity
loss of granules and membranes.4 Döhle bodies are grayish
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to blue cytoplasmic inclusions that are the result of lamellar
retention and aggregation of rough endoplasmatic reticu-
lum, and their number, size, and location varies.3–5 Nuclear
changes include pyknosis, vacuolation, polyploidy, hypo-
segmentation, and ring-form formation. Giant neutrophils
are larger compared to normal neutrophils, and their cyto-
plasm stains uniformly dark-gray to blue, and may, in many
cases, contain a hyposegmented nucleus. Giant neutrophils
may reflect further manifestation of toxicity as a result of
skipped cellular divisions during the maturation process.1,2
Neutrophil toxicity may precede changes in neutrophil
numbers and appearance of neutrophilic bands, and thus
can be a sensitive early prognostic and diagnostic aid.6
The presence of neutrophil toxicity has been associated

with systemic rather than localized processes, and has been
traditionally linked with bacterial infections, bacteremia,
abscesses and septicemia,1,2,7–10 severe inflammatory pro-
cesses,1,2,11 myeloproliferative disorders,1 and drug toxici-
ty.2,5,12–14 Although the morphology of toxic neutrophils is
well documented, to the best of our knowledge, the asso-
ciation of neutrophil toxicity with specific clinical and non-
experimental disease conditions, quantitative hematologic
and biochemical parameters, clinical signs, and prognosis
has never been studied.
The purpose of this study was to characterize the asso-

ciation of neutrophil toxicity with clinical, hematologic, and
biochemical signs of disease, different diseases, and prog-
nosis.

Materials and Methods
Selection of Cases and Collection of Data

Clinical records of dogs presented to the Department of Small An-
imals Internal Medicine at the Hebrew University Veterinary Teaching
Hospital (HUVTH) during 2001 were reviewed retrospectively. Two
hundred forty-eight dogs with evidence of neutrophil cytoplasmic tox-

Mortality 
11.7 vs 

24%



Degenerative LS

Mortality   
24% vs 48%

31% Nl NEUTs

Mortality   
33% vs 56%

34% Nl NEUTs



Case 1
I have an impedance counter and I do/do not 
look at all the blood smears



“Guantes”

5 month old, M, DSH

Acutely ill

PE: fever, depression, swollen LR leg, 
lateral recumbency, open mouth 
breathing



“Guantes”

Do the numbers worry you?



Case 1 - “Guantes”
I have an impedance counter and I do not 
look at blood smears

I conclude that all is good…



Case 1 - “Guantes”
But wait! Maybe I should look at a blood 
smear…



“Guantes”

5 month old, M, DSH
Acutely ill
PE: fever, depression

D. DeNicola



Case 1 - “Guantes”
I have an impedance counter and I did look at  
a blood smear

I conclude that…

He is likely septic

And, of course, he doesn’t have a high WBC ☹



“Guantes”
Final Dx: E. coli osteomyelitis and sepsis

Died 1 hour after doing CBC



WBC count
39% leukopenia
22% normal
39% leukocytosis

REMEMBER!



Case 2
I have a ProCyte Dx and use 
the dotplots



Where do bands (TNs) live?



Case 2-“Casper”
“Casper”, 16 week-old, MC, Maine Coon

Recently obtained from a breeder

After questioning, has had diarrhea since D1

“ADR”, febrile, abdominal pain/discomfort

CBC, chem (ALT: 553 U/L)



Case 2-“Casper”-WBC

How concerned are we about the leukogram?



Case 2-“Casper”-Dotplots



Case 2-“Casper”-Dotplots
Day 1 Day 3

Band suspected message:
85% sensitivity
95% specificity



Case 2-“Casper”-Dotplots
Day 3

Band/toxic neutrophil – 
blue cytoplasm with lots of 
RNA

Mature neutrophil – pale 
blue cytoplasm with little 
RNA





Case 2-“Casper”-Serial Dotplots
Day 1 Day 3 Day 4 Day 6 Day 7

9.35 4.51 8.83 38.06 28.61

Total WBC



Case 2-“Casper”-Serial Dotplots
Day 1 Day 3 Day 4 Day 6 Day 7

9.35 4.51 8.83 38.06 28.61

Total WBC



Case 2-“Casper”-Serial Dotplots
Day 1 Day 3 Day 4 Day 6 Day 7

Day 17

Total WBC: 13.6



Case 2-“Casper”
Diagnosis:

Sepsis (Salmonella?)

Went home on D8 on oral antibiotics

Back to normal on D17



Dot Plots – Immature and/or toxic neutrophils

Normal

Dr. De Nicola



Case 3

I have a ProCyte One and use 
the dot plots



Case 3

Wasabi: 9-year-old, F, Mixed breed cat
Clinical Presentation

• Owner found blood drops from either the rectum or vulva 3 days 
ago


• No blood in urine or feces

• Patient is ‘ill’


• Lethargic and “warm to the touch”

• Did not eat morning of visit

Thanks to Drs. Kim Yore and Heidi Peta



“Wasabi”-WBC Results

How concerned are we about the leukogram?



“Wasabi”-WBC Dotplots

ProCyte One Numeric Values and Dots ProCyte Dx Numeric Values and Dots 



59

Wasabi – 9-year-old, F, Mixed breed cat

NormalWasabi



60

White Blood Cell Morphology 
Wasabi – 9-yr, F, Mixed breed cat

100x Oil


Monolayer


Marked poikilocytosis 


Primarily neutrophils with 
bands and moderate toxicity




61

White Blood Cell Morphology 
Wasabi – 9-yr, F, Mixed breed cat

100x Oil


Monolayer


Marked poikilocytosis 

Anisocytosis


Toxic band



62

Wasabi – 9-yr, F, Mixed breed cat

Diagnosis/Treatment Plan

•Open pyometra

•Did ovariohysterectomy and 
“Wasabi” did GREAT!



Please remember!

•A normal total white blood cell count 
without a differential is of little to no use 

•Morphology: 

•Smear 

•Graphics (not helpful with impedance)



Please remember!

A normal total WBC or neutrophil 
count DOES NOT exclude 

inflammation/infection!



Conclusions

Hematology is EASY, but it’s a bit of an art

“Practice makes perfect” 
I know you will not look at blood smears…

so please look at the graphics!


coutovetconsultants@gmail.com

mailto:coutovetconsultants@gmail.com


Rosie

Patient

13 year old, spayed female, mixed 
breed
Presenting Complaints

• Slowly developing anorexia

• Slight weight loss

• Slight decreased activity level

Bonus Case Dr. DeNicola
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50/6,000 dots







Rosie – peripheral blood film
Dr. DeNicola



Rosie – peripheral blood film
Dr. DeNicola



Serum Protein Electrophoresis



Rosie – Spleen FNA Dr. DeNicola



Rosie – Spleen FNA Dr. DeNicola

Final Dx:
Multiple
myeloma


