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CHAPTER 90

FEBRILE NEUTROPENIA

Melissa A. Claus, bvM, DACVECC

KEY POINTS e Animals with febrile neutropenia should receive broad-spectrum
e Neutropenia is defined broadly as less than 2900 cells/ul in dogs antibiotics using an antipseudomonal B-lactam. Neutropenic
and less than 2000 cells/ul in cats. patients in septic shock should receive an antipseudomonal

o Th ) hani by which febril t ) B-lactam coupled with an aminoglycoside. These regimens should
RS [Sle s INSSNEIIEE 197 WD USoilis STt gellt) Eln be de-escalated with receipt of the susceptibility profiles of
develop include increased tissue use of neutrophils, decreased cultured organisms.
ﬁqgergis;t:g geeggﬁgggi fc:forr?emfogﬁir;se e, A TS e Recombinant human and canine granulocyte-colony stimulating
) ) : Lo ' . ) factors (rhG-CSF and rcG-CSF) should not be used in Parvovirus
e Diagnostic tests to consider performing in a patient with febrile infection—induced neutropenia because of poor efficacy (rh-
neutropenia include blood cultures, a urine culture, chest GCSF) and lack of safety data (rcG-CSF)
radiographs, abdominal ultrasound, cardiac ultrasound, and bone ’
marrow aspiration or core biopsy.



e Recombinant canine G-CSF has been demonstrated effective at
generating myelopoiesis in dogs with chemotherapy-induced
neutropenia and cyclic hematopoiesis.

e Meticulous hand washing before and after handling neutropenic
patients and using alcohol-based hand sanitizer and donning
gloves before handling any indwelling devices is imperative to
decrease incidence of nosocomial infection in these patients.

Febrile neutropenia in dogs and cats has multiple etiologies. Regard-
less of the underlying cause, insufficient numbers of circulating
neutrophils can affect significantly patient morbidity and mortality.
Without these vital cells of the innate immune system, patients with
febrile neutropenia have little protection against invading pathogens
and are even at risk of developing life-threatening infections from
their own commensal microflora. This chapter discusses the normal
processes and production of neutrophils, the etiologies of febrile
neutropenia, and diagnostic tests and recommended treatments for
patients with this condition.

NEUTROPHIL PHYSIOLOGY

Neutrophil Function

Neutrophils are the most abundant leukocyte in dogs and cats. They
are a crucial part of the innate immune system because they are often
the first phagocytes to recognize and destroy invading pathogens,
including bacteria and fungi. Recognition of invading pathogens
occurs when pattern recognition receptors (PRRs) present on the
neutrophil membrane bind pathogen-associated molecular patterns
(PAMPs) on the cell wall of pathogens. Binding of PRRs activates the
neutrophil. Neutrophils also become activated when PRRs bind
damage-associated molecular patterns (DAMPs), released from
necrotic and apoptotic tissues. Via this mechanism, the neutrophilic
response that occurs with sterile inflammation can mimic that occur-
ring with infection.

Neutrophils kill invading pathogens with two main mechanisms:
phagocytosis followed by degranulation or formation of neutrophil
extracellular traps (NETs). When an organism expressing PAMPs is
phagocytosed, cytoplasmic granules containing lethal proteases and
peptides fuse with an intracytoplasmic phagosome in a process
known as degranulation. These cytotoxic molecules coupled with the
production of reactive oxygen species via an intraphagosomal oxida-
tive burst destroy the organism and trigger apoptosis of the neutro-
phil. The other mechanism by which neutrophils help eradicate
foreign organisms is a newly recognized process called NET forma-
tion. During this process, nuclear material including DNA and his-
tones combine with cytotoxic molecules from cytoplasmic granules
and are expelled from the cell into the extracellular space. This web
of deadly material ensnares and kills microorganisms while limiting
the spread of cytotoxic molecules to prevent damage to regional
tissues. The entire process leads to death of the neutrophil via a
process termed NETosis, a programmed cell death that appears to
have different characteristics from necrosis and apoptosis.'”

Neutrophil Production

The driving factors behind myelopoiesis and neutrophil homeostasis
are not understood completely. The production of neutrophils
depends in part on the presence of the cytokine granulocyte-colony
stimulating factor (G-CSF). G-CSF is produced primarily by bone
marrow stromal cells but also is secreted from a variety of other cells,
including macrophages, monocytes, endothelial cells, and fibro-
blasts.”” It is the most important cytokine responsible for maintain-
ing neutrophil homeostasis. It promotes progenitor differentiation
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into committed production of neutrophils, increases cell division,
decreases the time to maturation, and increases release of neutrophils
from the bone marrow.”” One stimulus for G-CSF release by bone
marrow stromal cells is an elevated level of cytokine IL-17.° This
cytokine is produced by specific lymphocytes under the stimulation
of cytokine IL-23, a cytokine released by tissue macrophages.” This
pathway of G-CSF production is the underpinning of the main
theory for the homeostatic maintenance of neutrophils. When neu-
trophils reach the end of their life span in the tissues, they undergo
apoptosis and are phagocytized by IL-23—producing tissue macro-
phages. The act of ingesting apoptotic neutrophils decreases the
secretion of IL-23 by the macrophage, thus in turn decreasing the
secretion of IL-17 by lymphocytes and downregulating the secretion
of G-CSF by the bone marrow stromal cells.® Once the neutrophil
population is depleted and fewer neutrophils are phagocytized in the
tissues, the secretion of IL-23 increases. This, in turn, increases IL-17
by lymphocytes and then increases G-CSF concentrations in the
plasma to promote further neutrophil production.

Emergency myelopoiesis is a term used to describe the ramping up
of leukocyte production that occurs outside of a more steady-state
production of neutrophils. It is driven by cytokine stimulation and
PAMP/DAMP binding to PRRs on hematopoietic stem cells. These
molecules promote proliferation of progenitor cells and directed dif-
ferentiation into the granulocyte cell line. Recent research suggests
that myelopoiesis more likely exists along a continuum, rather than in
a switched on (emergency) or switched off (steady-state) form. This
is due to the constant presence of PRR signaling in hematopoietic
stem cells and progenitors stimulated by commensal microflora. This
idea was exemplified in a study of germ-free mice living in a pathogen-
free environment. These mice were healthy but demonstrated a mark-
edly attenuated neutrophil steady state with 10% of normal circulating
neutrophil counts along with a low serum G-CSF concentration,
demonstrating no stimulation to increase myelopoiesis.’

Neutrophils are present in several different locations in the body,
including the bone marrow, the blood vessels, marginated in the
microcirculation, and in the tissues. Neutrophils are produced by
progenitor cells in the bone marrow. It is here that they mature into
segmented neutrophils. In dogs and cats, the bone marrow houses a
fairly large reserve pool of mature neutrophils. Under the stimulation
of growth factors and cytokines including G-CSF, GM-CSF, TNF-a,
TNF-B, and complement 5a, neutrophils are released from the bone
marrow."’ Once they enter the circulation, they are found in one of
two pools: the circulating pool or the marginated pool. The circulat-
ing pool neutrophils travel rapidly through the center of larger vessels
along with the red blood cells. These neutrophils are the ones that
are sampled and counted in a complete blood count. The marginated
pool neutrophils roll slowly along the endothelium of smaller vessels
and capillaries and tend to stagnate in postcapillary venules. In dogs,
about half of the neutrophils in circulation are in the circulating pool
and half are in the marginated pool. In cats, only about a quarter of
neutrophils are in the circulating pool, whereas three quarters are in
the marginated pool. This distinction affects the definition of neu-
tropenia in dogs versus cats. Neutropenia is defined broadly as less
than 2900 cells/ul."" However, it may be more appropriate to consider
a different definition for neutropenia in cats because the majority of
neutrophils in circulation are marginated and thus are not actually
within the blood collected when assessing a complete blood count.
For this reason, neutropenia in cats may be better defined as less than
2000 cells/pl."

PATHOPHYSIOLOGY OF NEUTROPENIA

Neutropenia places a patient at high risk of developing overwhelming
infections and thus can contribute significantly to patient morbidity.




PARTX e INFECTIOUS DISORDERS

Severe neutropenia usually is accompanied by a fever because of the
systemic inflammatory response elicited by opportunistic invading
pathogens. Febrile neutropenia can occur because of a multitude of
different disease processes. Animals may become neutropenic during
hospitalization, or severe febrile neutropenia may be the reason they
are admitted to the ICU. Febrile neutropenia develops by three main
mechanisms, including increased use of neutrophils, decreased egress
from bone marrow, and immune-mediated destruction.

Increased Utilization

Infectious microorganisms in the tissues as well as DAMP-expressing
endogenous tissues trigger a host inflammatory cascade. Cytokines
and chemokines are generated by tissue macrophages and neutro-
phils. These molecules promote the margination and then extravasa-
tion of circulating neutrophils into the tissues, where they depopulate
the invading pathogens or necrotic tissue via the two mechanisms
described above, phagocytosis with degranulation or NETosis. The
larger the population of infectious organisms or the more extensive
the quantity of necrotic tissue, the stronger the inflammatory
response and the higher the concentration of secreted cytokines.
Acutely, the tissue recruitment of neutrophils depletes the neutro-
phils in circulation. Low levels of circulating neutrophils decrease the
concentration of specific chemokines in the bone marrow that retain
neutrophils. This allows the stored mature neutrophils to egress into
circulation.” Ultimately, this can deplete the reserve pool of mature
neutrophils in the bone marrow. If the inflammation is overwhelm-
ing and persistent, it can exceed the ability of the bone marrow to
generate new neutrophils, thus leading to neutropenia.

The severity of neutropenia may not be due entirely to increased
extravasation but also may be due to decreased bone marrow produc-
tion. A 2009 study in a septic mouse model demonstrated the ability
of the bone marrow to replete the population of circulating neutro-
phils is compromised during sepsis by precluding the hematopoietic
stem and progenitor cells from differentiating into committed
myeloid progenitor cells.”” Decreasing the differentiating capacity of
the bone marrow maximally affects the neutrophil concentration
because this cell line has the shortest half-life of the blood cells,
especially during a period of increased extravasation. Other studies
have shown similar effects on granulopoiesis in the presence of the
inflammatory cytokine IFN-vy, as well as in murine models of sepsis
and thermal injury.""¢

Decreased Egress from the Bone Marrow

Depletion of granulocyte progenitor cells and ineffective granulopoi-
esis are two bone marrow-centric causes of circulating neutropenia.
Generalized bone marrow hypoplasia reduces quantities of granulo-
cyte progenitor cells along with the other hematopoietic cell lines.
Bone marrow hypoplasia can occur because of a variety of processes,
including infectious diseases, exposure to some drugs and toxicants,
radiation, myelophthisis, and cyclic hematopoiesis (gray collie syn-
drome). Ineffective granulopoiesis is the term used to describe the
presence of adequate granulocyte precursors in the bone marrow
coupled with a peripheral neutropenia. This can be due to matura-
tional arrest of the neutrophil cell line or retention and/or destruc-
tion of mature neutrophils in the bone marrow. Ineffective
granulopoiesis can occur with infectious diseases (feline leukemia
virus, feline immunodeficiency virus), myelodysplasia, lithium
administration in cats, acute myeloid leukemia, and trapped neutro-
phil syndrome of Border Collies."”'®

Depletion of granulocyte progenitor cells

Infectious diseases
Parvovirus in dogs and cats infects rapidly dividing cell populations,
including hematopoietic precursor cells. This leads to apoptosis of

the cells, depopulation of the bone marrow, and severe leukopenia
results."” Neutrophils are affected early and severely because of the
short half-life of this cell population. This is especially significant in
the presence of increased extravasation and use of neutrophils in the
gut, where Parvovirus causes severe compromise to the gut mucosal
barrier, allowing invasion from gut flora.”*?'

Although not consistently present, neutropenia may be seen with
different rickettsial infections. It is reported more consistently with
Ehrlichia canis, a monocyte-infecting bacterium, than with Ana-
plasma phagocytophilum and Ehrlichia ewingii, granulocytic ehrlichi-
oses. The mechanism by which neutropenia is induced in acute
infections is unknown, although severe generalized bone marrow
hypoplasia with secondary pancytopenia is described to occur with
chronic infections.”

Cats infected with one of the retroviruses, feline leukemia virus
or feline immunodeficiency virus, have an increased risk of develop-
ing neutropenia, although neither disease routinely leads to neutro-
penia.”’ Underlying causes for the development of neutropenia are
varied and depend on the virus involved. Cats with feline leukemia
virus tend to develop myelophthisis and myelodysplastic disorders
secondary to round cell neoplasms infiltrating the bone marrow.”
One mechanism for the development of neutropenia in cats with
feline immunodeficiency virus is that infected bone marrow stromal
cells secrete myelosuppressing factors that depress granulopoiesis.”
Neutropenia also may develop in feline immunodeficiency virus—
infected cats as a result of myelodysplasia occurring with infection
of bone marrow and stromal cells.”

Medications, toxicants, and radiation

Several drugs, including antiinfective agents, antiepileptics, colchi-
cine, captopril, methimazole, and phenylbutazone, have been
reported to induce neutropenia idiosyncratically.'”**** The mecha-
nisms by which neutropenia develops vary between different drugs
and often are understood incompletely. Potential causes may include
bone marrow necrosis or fibrosis, suppression of granulopoiesis,
immune-mediated destruction of granulocytic precursors or mature
granulocytes, or a combination of these effects.”**

Chemotherapeutic drugs are the most common drugs associated
with the development of severe neutropenia. In one retrospective
observational assessment of the causes of neutropenia in dogs and
cats, two thirds of cases of dogs with suspected drug-induced neu-
tropenia and the only case of a cat with suspected drug-induced
neutropenia were due to antineoplastic agents."” These drugs are
effective in the treatment of neoplasia because they primarily deci-
mate colonies of rapidly dividing cells. Thus myelotoxicity is a
common side effect of administration of these agents."” Likewise,
radiation as a treatment for cancer can induce mitotic failure and
apoptosis of hematopoietic progenitor cells, leading to bone marrow
failure and severe neutropenia.’'

Estrogens have been demonstrated to be myelotoxic in mice, rats,
ferrets, and dogs.”” Dogs are exposed to this steroid hormone by
ingestion of an estrogen analog, or from estrogen-secreting tumors
(Sertoli cell tumors). Doses at which depressed granulopoiesis is seen
are variable in dogs, but significant neutropenia is not seen typically
until the dose ingested exceeds the recommended therapeutic dose.
Studies in dogs and mice demonstrate no direct effect of estrogen on
the hematopoietic progenitor cells. Instead, in both species some
evidence suggests that a myelopoiesis inhibitory factor is produced
by thymic stromal cells exposed to estrogen.”***

Myelophthisis

Myelophthisis is the failure of bone marrow to continue normal
hematopoiesis because of its decimation by infiltrating abnormal
tissue, typically neoplastic cells or collagen (myelofibrosis), and
rarely osteoid (osteosclerosis) or diffuse intramedullary inflam-
mation (e.g., fungal osteomyelitis).” Neoplasms associated with



myelophthisis are usually round cell neoplasms, including leuke-
mias, lymphomas, multiple myeloma, and histiocytic sarcoma.'>*
Myelofibrosis has been found in dogs with a variety of diseases,
including immune-mediated hemolytic anemia, medullary lym-
phoma, and extramedullary neoplasia. It has also been documented
in dogs receiving chronic treatment with different medications. Of
19 dogs reported to have myelofibrosis in one retrospective study,
only two were reported to be neutropenic, despite all dogs display-
ing a poorly regenerative anemia.” The main mechanism by which
neutropenia develops with myelophthisis is due to a loss of granulo-
cytic progenitor cells coupled with a loss of the nurturing marrow
microenvironment that occurs as a result of destruction of the bone
marrow stromal cells.*”*!

Cyclic hematopoiesis

Canine cyclic hematopoiesis is an autosomal recessive genetic disor-
der also known as gray collie syndrome because it is found in Collies
with a diluted (gray) coat color. The disease is characterized by severe
neutropenia developing every 10 to 14 days. Assessment of the bone
marrow before a neutropenic episode shows a drastic decline in the
myeloid lines, whereas myeloid hyperplasia prefaces the recovery of
circulating neutrophil numbers.”” The disease in gray Collies is asso-
ciated with a genetic mutation that decreases the neutrophil elastase
activity within the neutrophil. How this mutation specifically leads
to the clinical presentation of the disease is unclear, but it is postu-
lated that neutrophil elastase must be involved with normal feedback
inhibition during granulopoiesis.*"*

Ineffective granulopoiesis despite normal
to excessive quantities of progenitor cells

Dysgranulopoiesis describes the presence of dysplastic granulocyte
progenitor cells that lead to a peripheral circulating neutropenia. This
neutropenia occurs in the presence of normal to excessive quantities
of progenitor cells in the bone marrow. Dysmyelopoiesis is a more
general term used to describe the presence of dysplastic hematopoi-
etic cells, not just granulocyte precursors. Three major classifications
of dysmyelopoiesis include myelodysplastic syndrome (MDS), sec-
ondary dysmyelopoiesis, and congenital dysmyelopoiesis (which will
not be discussed further).*

Myelodysplastic syndrome ultimately arises as a result of clonal
expansion of a mutated hematopoietic progenitor cell. The cells
arising from the mutant cell do not follow the normal maturation
pathway and ultimately undergo apoptosis before they are released
from the marrow. Thus the bone marrow appears hyperplastic and
contains an abnormally high number of blasts, but there are insuf-
ficient cells in circulation.” Myelodysplastic syndrome can be one
cause of neutropenia in cats with feline leukemia virus.”

Secondary dysmyelopoiesis is similar to MDS with the exception
that the number of blasts present in the marrow is not increased from
normal. Secondary dysmyelopoiesis can occur secondary to different
diseases, including immune-mediated hemolytic anemia, immune-
mediated thrombocytopenia, and lymphoma. Secondary dysmyelo-
poiesis also can be seen with the administration of some drugs,
including antineoplastic drugs, estrogen, phenobarbital, cephalospo-
rins, chloramphenicol, and colchicine, as well as lithium in cats.'***
Many of these drugs also lead to hypoplastic bone marrow, as
described above.

Separate to dysmyelopoiesis, a heritable disease has been described
in Border Collies, in which the bone marrow displays hyperplastic
granulopoiesis and no evidence of maturation arrest or dysplasia but
a severe circulating neutropenia.”’ This disease is known as trapped
neutrophil syndrome (TNS). Although the gene mutation that causes
TNS has been identified, the underlying mechanism by which this
mutation leads to decreased release of segmented neutrophils into
circulation remains unknown.*
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Immune-Mediated Destruction

Applicable to small animal veterinary patients are two main types of
immune-mediated destruction of neutrophils: (1) primary or idio-
pathic immune-mediated neutropenia and (2) immune-mediated
neutropenia that occurs secondary to an underlying trigger including
infection, drugs, or neoplasia. Idiopathic immune-mediated neutro-
penia occurs when antibodies are produced against neutrophil surface
proteins. These antibodies bind to the surface proteins and either
activate complement-mediated death of the neutrophil or opsonize
the cell for phagocytosis by macrophages.”’ The veterinary literature
includes few reports of patients with confirmed immune-mediated
neutropenia: the standard for definitive diagnosis is to demonstrate
the presence of antineutrophil antibodies in the serum of the patient.
Although successful detection of antineutrophil antibodies has been
reported in dogs with immune-mediated neutropenia using flow
cytometry, this test is not readily and widely available.””* Instead,
diagnosis often is based on exclusion of the other causes of neutro-
penia discussed above, in conjunction with improvement in neutro-
phil counts when treated with immune-suppressive agents.'”> >

CLINICAL PRESENTATION AND
DIAGNOSTIC TESTS

The clinical signs exhibited by the patient with febrile neutropenia
ultimately depend on the underlying cause for neutropenia. Animals
with an increased tissue demand and extravasation of neutrophils
often demonstrate signs of severe sepsis or septic shock, typically
with a marked suppurative exudate at the focus of infection or
inflammation. In addition, these patients would likely display a
marked degenerative left shift on a complete blood count. If neutro-
penia is secondary to decreased egress from bone marrow or immune-
mediated destruction, patients may have opportunist infections of
their skin (e.g., IV catheter site) or in their lungs or urinary tract but
show minimal pathologic changes on visual inspection, thoracic
radiographs, or urinalysis because of marked suppression of the
normal inflammatory response.””** Some animals, despite being pro-
foundly neutropenic, may not have a fever on presentation. For
example, many septic cats and very ill septic dogs are hypothermic
on presentation to the emergency clinic. In addition, neutropenic
patients that have received glucocorticoids or nonsteroidal antiin-
flammatory drugs may have suppression of their fever because of
inhibition of prostaglandin formation.

Determining the underlying cause of neutropenia helps to develop
an appropriate treatment plan. In many cases, the underlying cause
for neutropenia may be clear: an obvious septic focus or a recent
history of chemotherapy administration. In other cases, exhaustive
diagnostics may be necessary to determine the underlying cause.
Diagnostic tests to consider in a patient with neutropenia include
blood cultures, urinalysis and culture, radiographs of the thorax
and abdomen, ultrasound of the abdomen, and a bone marrow
evaluation.

Blood cultures should be performed in febrile neutropenic
patients as early as possible and ideally before administering antimi-
crobials. The 2012 Surviving Sepsis Guidelines recommend taking at
least two 10- to 20-ml blood samples from different sites before start-
ing antimicrobial therapy. Blood cultures allow for conclusive diag-
nosis of sepsis, and the susceptibility profile allows for appropriate
de-escalation of antimicrobial therapy.”’ A urinalysis may have
benign sediment in the face of a severe infectious process because of
lack of the patient’s ability to mount an immune response. A urine
culture, like a blood culture, is important to evaluate to determine if
antimicrobial therapy is appropriate and can allow de-escalation of
these drugs.
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Imaging of the thorax and abdomen using radiographs and ultra-
sound can help determine if there is a septic focus that has led to
neutropenia. It also can help assess for other causes of neutropenia
or for the presence of multiple organ dysfunction as a result of neu-
tropenia (e.g., acute respiratory distress syndrome). Imaging of the
cardiac valves also may be indicated in a neutropenic patient with a
new murmur because vegetative endocarditis may be the septic
source.

Bone marrow aspiration and/or a core biopsy are required to
diagnose many of the causes of neutropenia, including infiltrative
neoplasia, myelofibrosis, osteosclerosis, and dysmyelopoiesis. Evi-
dence of maturation arrest in a bone marrow aspirate also may help
support a presumptive diagnosis of immune-mediated neutrope-
nia."” Bone marrow aspiration is a test that may help a clinician
determine if the patient is responding to therapy and may help assess
the likelihood of recovery from neutropenia.

TREATMENT AND SUPPORTIVE CARE

Most of the literature assessing treatment for febrile neutropenic
patients consists of studies assessing care of oncology patients that
are febrile secondary to their chemotherapy or radiation treatments.
This group of neutropenic patients is different than patients that
develop neutropenia for any of the other reasons mentioned previ-
ously, thus not all reccommendations apply to all neutropenic patients.

Broad-spectrum antimicrobial therapy should be initiated in all
febrile neutropenic patients. Decisions as to which antimicrobial
therapy to choose should be based on the individual patient’s char-
acteristics, including previous antimicrobial exposure, previous
culture results, suspected pathogen based on clinical signs, and
regional microbe infection patterns. In people, monotherapy using
an antipseudomonal B-lactam (e.g., ceftazidime, piperacillin-
tazobactam, ticarcillin-clavulanate) has been shown to be efficacious
in stable febrile neutropenic patients. In neutropenic people exhibit-
ing signs of septic shock, the recommendation is to combine a
B-lactam with an aminoglycoside (e.g., amikacin).” If infection with
a fungal organism is suspected, antifungals also are recommended.'
Once the susceptibility results of blood culture and urine culture are
available, the antimicrobial therapy is changed to target specifically
the pathogen(s) cultured. This can decrease the risk for the develop-
ment of secondary infections with microorganisms that are multi-
drug resistant.®’ It also can help decrease the risk of organ damage
that can develop with the use of some antimicrobials.

Any patient that is neutropenic and has clinical signs of sepsis,
severe sepsis, or septic shock should be resuscitated aggressively using
intravenous crystalloids and vasopressors as needed, and broad-
spectrum antimicrobial therapy should be initiated as soon as pos-
sible."* If present and identified, source control of the septic focus
should occur. Intensive monitoring for the development of multiple
organ dysfunction syndrome and meticulous supportive care has to
be provided to these patients. See Chapters 5, 6, and 7 for further
information on this topic.

Another medication recommended for the treatment of febrile
neutropenia is recombinant G-CSE. G-CSF increases the differentia-
tion of progenitor cells into neutrophils and acts on mature neutro-
phils to increase chemotaxis, enhance the respiratory burst, and
improve IgA-mediated phagocytosis.”* In specific situations, recom-
binant human G-CSF (rhG-CSF) is recommended as a prophylactic
treatment to people receiving chemotherapy because it has been
shown to decrease the incidence of febrile neutropenia and second-
ary infection in this population.®*® Recombinant human G-CSF has
been reported effective at stimulating granulopoiesis in dogs and
cats.”””" However, it was shown to be ineffective in treating dogs with
neutropenia secondary to Parvovirus.”"”? In addition, administration

of this human protein to dogs may lead to the development of anti-
bodies against rhG-CSF. These antibodies cross-react with and neu-
tralize canine G-CSE, which causes a chronic neutropenia.”

Recombinant canine G-CSF (rcG-CSF) was developed and has
been used effectively to increase granulopoiesis in dogs and cats.””*
It has been demonstrated effective in dogs to accelerate recovery
from neutropenia resulting from Parvovirus, chemotherapeutics, and
cyclic hematopoiesis.”*””””” Some questions remain regarding its
safety, however. In one study, dogs with Parvovirus treated with
rcG-CSF had a higher mortality rate than dogs with Parvovirus that
were not treated with this drug.* In addition, no studies have been
performed in cats to determine if long-term or repeat rcG-CSF use
may induce antibody formation and lead to chronic neutropenia as
seen with thG-CSF use in dogs. Evidence suggests that this outcome
does occur in rabbits receiving rcG-CSE* Use of this medication
to treat dogs with neutropenia should be at the discretion of the
clinician. Given lack of safety data, it is not recommended to use
rcG-CSF in dogs with Parvovirus infections, or in alternate species.

Frequently recommended nursing practices include isolating
severely neutropenic patients from other hospitalized animals and
practicing barrier nursing, in which the carer dons a gown, gloves,
and a mask before handling the patient. No literature reviews the
efficacy of these practices in veterinary medicine, and the studies
available regarding people tend to be small and uncontrolled with
multiple interventions occurring simultaneously, making their
results difficult to interpret.”’ Arguments against going to these
lengths include the cost associated with maintaining a clean isolation
ward and providing disposable barrier clothing, in addition to the
potential for a decreased level of nursing care given the increased
work required to prepare to care for these patients.”” The current
recommendation is to focus on meticulous hand hygiene, ensuring
thorough washing of the hands before and after handling a neutro-
penic patient, in addition to using alcohol-based hand sanitizer and
donning gloves before handling any indwelling devices including
intravenous catheters, urinary catheters, feeding tubes, or tracheos-
tomy tubes. Because these patients are at risk of developing infections
secondary to their own commensal flora, keeping these patients clean
and dry is critical. Preventing fecal and urine contamination of skin
and indwelling devices is imperative.
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