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1 | INTRODUCTION

Primary erythrocytosis (PE), also known as polycythemia vera, is a rare
myeloproliferative neoplasm that results in the overproduction of
erythrocytes.® Primary erythrocytosis has been reported in animals,
including cats, and is well described in humans, where it is often the
result of a clonally acquired mutation in the JAK2 tyrosine kinase,
leading to constitutive hyperactivation of hematopoiesis.>* A unique
subset of human patients with polycythemia vera (ie, primary polycy-
themia) has a gain-of-function mutation in exon 12 of the JAK2 gene
leading to erythrocytosis only, similar to PE in cats, although the exact
underlying cause for PE in cats is still unknown. Primary

erythrocytosis is diagnosed based on a persistently increased PCV

Abbreviations: CK, creatine kinase; G6PD, glucose-6-phosphate dehydrogenase; HCT,
hematocrit; HgB, hemoglobin; MCHC, mean cell hemoglobin concentration; MCV, mean cell
volume; PE, primary erythrocytosis; RBC, red blood cell; tsp, teaspoon.
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Primary erythrocytosis (PE) is a rare myeloproliferative neoplasm in cats resulting in
the overproduction of erythrocytes. Current treatment modalities include repeated
phlebotomy and chemotherapeutic drugs. These treatments may not be well toler-
ated by the cat and can present safety and financial challenges to owners. Because of
the rarity of PE, prospective studies for new treatment options are difficult to per-
form. This case report describes the novel use of onion powder in an attempt to pro-
duce Heinz body-induced erythrocyte destruction in order to decrease total
erythrocyte mass and normalize the hematocrit in a cat with PE. To our knowledge,
the use of onion powder in the treatment of PE in cats has never been described
before and may have potential as a safe, low-cost, and highly accessible alternative

treatment for this rare disease.

clinical pathology, feline, oncology, onion, polycythemia vera, primary erythrocytosis

(65%-85%) in a euhydrated animal after exclusion of diseases causing
hypoxemia or paraneoplastic erythropoietin production.>® Cats often
present with congested mucous membranes and neurological signs,
but gastrointestinal signs also have been reported.” Treatment options
for animals include repeated phlebotomy and chemotherapeutic
agents (eg, hydroxyurea), as well as hirudotherapy (medicinal use of
leeches).®? Although effective, phlebotomy and hirudotherapy may
not be tolerated by all patients, and risk of exposure to chemothera-
peutic agents may not be acceptable to pet owners, especially those
who are pregnant, nursing, or have young children.®

In this reported case, traditional treatment options were not pos-
sible because of the cat's fractious demeanor and the presence of
young children in the household. As a result, an alternative treatment
for decreasing erythrocyte mass was implemented by using onion
powder PO in an attempt to cause low-grade Heinz body-induced
hemolysis. The use of onion powder resulted in successful long-term
management of the cat's PE with no apparent adverse reactions.
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Therefore, onion powder may be considered a useful alternative when
traditional treatment options are not feasible. To our knowledge, this
case is the first reported use of onion powder as an alternative

treatment for PE.

2 | CASE REPORT

A 10-year-old, 5.6-kg, indoor-outdoor spayed female domestic short-
hair cat was presented to the William R. Pritchard Veterinary Medical
Teaching Hospital at the University of California, Davis for an acute
onset of head tremors and inability to walk. Physical examination dis-
closed dark pink mucous membranes, intermittent tremors of the head
and thoracic limbs, and flaccid paresis of the pelvic limbs. The patient
had normal temperature (101.2F), heart rate (160 beats per minute),
and respiratory rate (30 breaths per minute) and was normally
hydrated. Initial diagnostic testing included a CBC, serum biochemistry
panel and urinalysis. On the CBC, markedly increased hematocrit (HCT,
73.0%; reference interval [RI], 30-50%), mild-to-moderate microcytosis
(mean corpuscular volume [MCV] 38.3 fl; RI, 42-53fl), rare poly-
chromatophils and moderately decreased platelet count with platelet
clumps (68 000/pL; RI, 180 000-500 000/uL), confirmed by a manual
blood smear review, were identified. The only clinically relevant abnor-
mality on the serum biochemistry panel was moderately increased crea-
tine kinase (CK) activity (1177 IU/L; Rl, 73-260 IU/L). Urine was
collected by cystocentesis and contained blood (8-12 red blood cell
[RBC]/high-power field [hpf]; RI, 0-2/hpf) and trace protein (150 mg/
dL), thought to be associated with the collection method. The urine-
specific gravity was 1.019. Arterial blood gas results were normal. Tho-
racic radiographs also were normal. Abdominal ultrasound examination
identified bilateral irregular margins of the renal cortices and small,
multifocal renal cortical cysts.

On the basis of this diagnostic evaluation, underlying neoplasia,
hypoxemia, and dehydration were excluded, and a diagnosis of PE
was made. Phlebotomy was performed and 70 mL of whole blood
was removed from the jugular vein and replaced with an equivalent
volume of crystalloid fluids (lactated Ringer's solution) IV. The cat was
returned 14 days later for reevaluation and had a PCV of 65% and
normalized CK activity (221 IU/L). Phlebotomy was repeated and
60 mL of whole blood was removed and replaced with 30 mL of crys-
talloid fluids IV. A second reevaluation 3 weeks later determined that
the cat continued to have an increased PCV (74%), and a third phle-
botomy was performed, removing 80 mL of whole blood. The patient
was asymptomatic at both reevaluations.

Because of the time commitment and expense, the owners declined
continued treatment by phlebotomy. The owners also declined treat-
ment with hydroxyurea because of young children in the household and
the cat's fractious demeanor. As a result, an inexpensive, easily adminis-
tered, nonhazardous treatment modality was sought. The owners were
offered a novel, bone marrow-sparing treatment of onion powder with
the goal of decreasing total erythrocyte mass by controlled hemolysis. A
dose of 1/8 teaspoon (tsp) per day of store-bought onion powder was

prescribed and directed to be mixed with food (43.5 g of canned food).

This dose was chosen based on the smallest quantity measurable at
home with easily accessible kitchen utensils. The patient returned
10 days later for its first reevaluation and diagnostic testing after initia-
tion of onion powder treatment and was reported to be asymptomatic
at home. On CBC, the HCT had decreased to 55.2% and microcytosis
had improved (39.5 fl) with rare Heinz bodies (<1%) observed on blood
smear examination. A serum biochemistry panel at this time was normal
(CK, 81 IU/L), and the initial increase in CK activity was considered sec-
ondary to decreased perfusion caused by hyperviscosity, as reported in
other cats with PE.”

Over the course of the next 15 months, the cat returned for multi-
ple reevaluations with repeat CBC to monitor HCT, Heinz body forma-
tion, and hemoglobin (HgB) concentration (Table S1) and to titrate the
onion powder dose accordingly. The patient was reported to be free of
clinical signs at home throughout this time and physical examinations at
all subsequent reevaluations did not identify any overt abnormalities
with the exception of dark pink mucous membranes. The second
reevaluation was 17 days after initiation of onion powder treatment,
and the HCT was similar to the first reevaluation HCT (58.8% vs
55.2%) and dose frequency was decreased to every 48 hours at this
time to determine if a lower dosing frequency was equally effective. A
third reevaluation (27 days after initiation of treatment) indicated a
slightly increased HCT (60.4%) compared to previous visits, and the
dose frequency was returned to every 24 hours, Monday through
Friday, for owner convenience. Fourth and 5th reevaluations (41 days
and 5 months after treatment initiation, respectively) showed a largely
unchanged HCT, and dose frequency was increased to 6 days per
week, Monday through Saturday. At the 6th and final reevaluation,
15 months after initiation of onion powder treatment, the cat's
HCT had normalized (HCT, 47.8%; RI, 30-50%) and microcytosis had
resolved (MCV, 46 fl; RI, 42-53 fl). The remaining CBC variables were
normal, with the exception of a mildly increased mean cell HgB concen-
tration (MCHC, 36.4 g/dL) and HgB concentration (17.4 g/dL), and a
repeated serum biochemistry panel was normal.

New methylene blue-stained blood smear preparations were
made with each CBC performed at each reevaluation, and used for
the quantitation of Heinz bodies. Heinz bodies were reported as a
percentage of 1000 erythrocytes and counted by a board-eligible vet-
erinary clinical pathologist. Heinz bodies were noted to be rare (<1%)
on every blood smear examination throughout the 15 months
(Figure 1). Rare Heinz bodies are considered a normal finding, and
healthy cats may have up to 5% of their erythrocytes containing Heinz
bodies.! Schistocytes and other RBC abnormalities suggestive of
hemolysis were not observed on blood smear review.

The increase in the patient's HgB concentration above the Rl could
be an artifact of an increased HCT or secondary to mild hemolysis,
especially when the HCT was normal (Table S1). Mean cell HgB con-
centration was normal to marginally increased throughout treatment,
with a mild increase towards the final reevaluation. No discolored urine
was reported by the owners, but hemoglobinuria was not definitively
excluded because of the cost of testing. Blood coloration was normal
throughout treatment, suggesting that clinically detectable methemo-

globinemia did not develop with onion powder treatment.
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Heinz body inclusions in a cat treated with onion powder for primary erythrocytosis. A, Recheck blood smear stained with Wright

Giemsa. Heinz bodies are difficult to identify with Romanowsky stains but typically appear as single-rounded projections on the periphery of the
erythrocyte (arrowhead, inset). B, The same blood smear stained with new methylene blue to highlight Heinz body inclusions, which appear as
round, blue structures (arrows, inset). 100x microscope objective. Scale bar = 20 pm

3 | DISCUSSION

Onions are a known cause of oxidative damage to erythrocytes in
domestic species. Oxidative damage occurs because of the presence
of aliphatic sulfides in onions, which decrease the production of
reduced glutathione in erythrocytes by interfering with the enzyme
glucose-6-phosphate dehydrogenase (G6PD). This leaves erythrocyte
HgB susceptible to oxidative degeneration and subsequent Heinz
body formation.!* Erythrocytes with Heinz body inclusions often are
removed or lysed in the spleen and have a decreased lifespan if they
persist in circulation. This may lead to hemoglobinemia, hemoglobin-
uria, or anemia or some combination of these if erythrocyte destruc-
tion is uncontrolled or persistent. In addition, oxidative damage to
HgB may lead to methemoglobinemia. Cat HgB has increased suscep-
tibility to oxidative damage and Heinz body formation because of the
presence of 8 reactive sulfhydryl groups on each globin tetramer.'?
This unique aspect of cat erythrocyte physiology was manipulated in
this case to successfully treat PE using onion powder.

Onion powder has been implicated in Heinz body-induced hemolytic
anemia in cats that have eaten baby food containing onion powder.*®
When 2.5% onion powder was added to the diet of purpose-bred cats,
their HCT decreased and reticulocytes increased, suggesting regenerative
anemia secondary to hemolysis. In the case reported here, 1/8 tsp (0.5 g)
of onion powder was given once daily, mixed into 43.5 g of canned food,
and resulting in 1.2% onion powder in the diet. However, the cat also
had free access to dry kibble and the actual percentage of onion powder
consumed in the diet may have been lower. Regardless, the dose and fre-
quency used in this cat did not produce adverse effects (eg, methemo-
globinemia, anemia, additional clinical signs), and treatment was well
tolerated. Hypothetically, an increased dose or frequency possibly could
have been used to achieve normalization of the HCT sooner.

Despite the use of a toxin known to cause Heinz body-induced

hemolysis in domestic cats, overt hemolysis was not definitively

documented in this case. Rather, some diagnostic variables were sup-
portive of mild hemolysis as the underlying cause. The patient's
increased HgB concentration, even after normalization of the HCT,
and increased MCHC in the absence of artifactual causes (eg, lipemia,
excessive Heinz body formation) are supportive of hemolysis. The
absence of excessive Heinz body formation in the presence of onion
powder treatment might be the result of the low dosage used, all-
owing for splenic pitting function to match the rate of formation of
Heinz bodies. In addition, because erythroid precursors are dependent

on G6PD for erythropoiesis,**

onion powder might also decrease
erythropoiesis. However, prospective studies are needed to substanti-
ate this hypothesis. Although the exact mechanism that led to a
decrease in RBC was not established here, both the decrease in HCT
after initiation of treatment and the increase in HCT after decreasing
treatment frequency suggest that the onion powder had a role in
decreasing the HCT.

Traditional treatment options for PE are not always tolerated by
patients and may have substantial adverse effects. Hydroxyurea is a
drug commonly used to treat PE in domestic animals and disrupts
DNA replication by preventing ribonucleotide reductase from conver-
ting ribonucleotides into deoxyribonucleotides.® In a recent multicen-
ter case series of cats with PE, most cats (10/18) were maintained
with hydroxyurea, but adverse effects were reported in more than
half of the cats, including methemoglobinemia, erythrocytic oxidative
damage and myelosuppression.” In addition, the same study reported
that hirudotherapy caused pain and triggered seizures in 1 patient,
and did not adequately decrease the HCT of another patient. Phlebot-
omy has been a mainstay in the treatment of PE because it rapidly
curtails clinical signs, but repeated phlebotomy can have potential
adverse effects including thrombosis, thrombocytosis, and iron defi-
ciency.® Moreover, repeated phlebotomy may be costly to owners,
especially if sedation or anesthesia is required for patient comfort and

compliance.
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4 | CONCLUSION

In this reported case, onion powder was used successfully with-
out adverse effects as a treatment for PE in a cat. New treat-
ments for PV and primary polycythemia in humans focus on JAK2
inhibitors, which have unknown effectiveness in cats with PE
because the underlying cause has yet to be identified. Traditional
treatments are not feasible in all cats, and onion powder may be

an effective alternative for these cases with careful monitoring.
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