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KEY FACTS

�The use of recombinant human
granulocyte colony-stimulating
factor (rhG-CSF) in the treatment
of infectious diseases in
veterinary patients focuses
primarily on viral infections.
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Hematopoietic growth factors are cytokines that regulate the growth,
development, and function of hematopoietic cell lineages. Cytokines
that stimulate the leukocyte lineages are important in the pathogen-

esis of inflammation and response to infection. The first part of this two-part
article provided an overview of granulocyte colony-stimulating factor (G-CSF)
and recommendations for its use in veterinary patients receiving chemotherapy.
Part II discusses the use of G-CSF in treating patients with infectious diseases,
primarily viral infections.

OVERVIEW
In veterinary practice, recombinant canine G-CSF (rcG-CSF) reportedly

increases neutrophil counts in healthy dogs and is beneficial in treating
chemotherapy-induced neutropenia.1,2 Positive results have been associated
with the use of recombinant human G-CSF (rhG-CSF) to treat cyclic neu-
tropenia in gray collies.3 Recently, rhG-CSF has been advocated in treating
neutropenia caused by infectious disease (i.e., parvoviral enteritis) in young
puppies.4 The high cost of rhG-CSF may limit its usefulness in these puppies,
many of which have owners who are not affluent.
*Part I of this two-part presentation appeared in the June 1998 (Vol. 20, No. 6) issue of
Compendium.
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� In a study of parvoviral-enteritis–
infected puppies, rhG-CSF did
not increase neutrophil counts.

� In animals with septicemia, rhG-
CSF has been demonstrated to
have beneficial effects.

� Human patients with HIV can
benefit from treatment with
granulocyte colony-stimulating
factor; beneficial effects thus are
possible in cats infected with
feline immunodeficiency virus.

� In patients with infectious
diseases, the use of rhG-CSF
has not been extensively studied;
further research is particularly
warranted with regard to
preventing secondary infections.



NEUTROPENIA
Before discussing when

rhG-CSF might be used in
veterinary patients, it is im-
portant to understand the
potential risks. One compli-
cation is the production of
antibodies to the rhG-CSF.
Several studies indicate that
neutropenia develops after
prolonged use of rhG-CSF in
animals.3,5,6 Patients develop
antibodies to the exogenous
G-CSF, which also cross-re-
acts with endogenous G-CSF.
Neutropenia is a consequence
of the antibody production.
If rhG-CSF is discontinued,
neutrophil production typi-
cally returns to normal over
time. The use of recombinant
G-CSF (rG-CSF) specific to
a particular species (e.g., dogs or cats) alleviates this prob-
lem. However, recombinant animal G-CSF is not com-
mercially available at this time. 

Neutropenia is caused by decreased production of neu-
trophils by the bone marrow, consumption in tissue, or
immune-mediated destruction. Parvovirus involves two
of these mechanisms. The virus has a predilection for
rapidly dividing cells, making the granulocyte pool in the
bone marrow a prime target for destruction. The virus
also attacks the intestinal crypt epithelial cells, stimulating
infiltration of neutrophils and macrophages by releasing
chemotactants, initiating the process of inflammation
(Figure 1), and consuming neutrophils already in the cir-
culation. Bone marrow studies in puppies with parvoviral
enteritis indicate that immune-mediated destruction con-
tributes more to neutropenia than does primary destruc-
tion in the bone marrow.7

PARVOVIRAL INFECTION
Because neutropenia is a common sequela to par-

voviral enteritis, it might be presumed that supple-
mentation with G-CSF would alleviate neutropenia
and reduce mortality in infected animals. To date, few
clinical studies have evaluated the use of G-CSF in this
setting.

A recently published study did demonstrate that sup-
plementation of rhG-CSF to parvovirally infected pup-
pies increased neutrophil counts compared with those
in parvovirus-infected control dogs.4 The puppies were
given rhG-CSF subcutaneously at 5 µg/kg two to three
times a day. Cats infected with panleukopenia were

treated in a similar manner.
Treated cats did not have
higher neutrophil counts
than did controls. 

One possible explanation
for this lack of response is
that cats are inherently resis-
tant to the effects of exoge-
nous G-CSF. Several studies
in normal cats suggest that
this is not the case.5,8 Normal
cats given rhG-CSF had sig-
nificant initial increases in
neutrophil counts.5 Another
possible explanation is a
significant decrease in the
number of stem cell precur-
sors as a result of viral de-
struction. In dogs and cats
infected with parvovirus, it
is relatively common to ob-
serve rebound neutrophilia

during recovery from illness; such recovery would indi-
cate that precursor cells remain. As mentioned, signifi-
cant consumption in the gastrointestinal tract con-
tributes as much or more to the neutrophilia associated
with parvoviral infections.7,9

Contrary to the study by Kraft and Kuffer,4 a study
performed at the Veterinary Medical Teaching Hospital
of the University of Missouri demonstrated no increase
in neutrophil counts in puppies naturally infected with
parvovirus that were given rhG-CSF (compared with
those in control dogs).10 Neutropenia was defined as
less than 1000 cells/µl. At first observation of neutrope-
nia, the puppies were randomly divided into a control
group and an rhG-CSF treated group. Puppies treated
with G-CSF were given a subcutaneous rhG-CSF dose
of 5 µg/kg/day until neutrophil counts increased to
1500 cells/µl. Neutrophil response was similar in both
groups. There were no significant differences in survival
rates, duration of hospitalization, or the time from neu-
tropenia to neutrophil recovery. A similar increase in
neutrophil numbers was observed in both groups after
clinical recovery from the virus. 

The conflicting findings of these two studies may re-
sult from several factors. First, the average neutrophil
counts of the affected puppies in Kraft’s study were
higher than those found at the University of Missouri
when G-CSF was first instituted. A second difference
in the studies was related to the dosage of rhG-CSF:
Kraft administered 5 µg/kg two to three times a day,
whereas the study performed at the University of Mis-
souri used 5 µg/kg once a day.
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Figure 1—Production of colony-stimulating factors and in-
flammatory mediators during the inflammatory process (Ag =
antigen; G-CSF = granulocyte colony-stimulating factor;
GM-CSF = granulocyte-macrophage colony-stimulating fac-
tor; γIFN = interferon-γ; IL = interleukin; LPS = lipopolysac-
charide; TNF = tumor necrosis factor).



EFFECTS OF
INFLAMMATION ON
NEUTROPHIL COUNTS 

The lack of response might
be explained by an under-
standing of the mechanism
of neutrophil production in
the bone marrow in light of
inflammation (Figure 2).
Administration of rG-CSF is
associated with a rapid (less
than 24-hour) increase in
neutrophil counts despite a
bone marrow neutrophil mat-
uration time of 4 to 6 days.11

Although this time can be ac-
celerated to approximately 3
days in the presence of exoge-
nous G-CSF or inflamma-
tion, the nearly immediate
increase in neutrophil counts
associated with exogenous G-CSF is related to the release
of marrow storage-pool neutrophils into the peripheral
circulation.12

Because many puppies infected with parvovirus may be
neutropenic and have severe intestinal inflammation at
presentation, the storage pool probably has already been
depleted.7,13,14 Thus, rhG-CSF–induced increases in neu-
trophil counts would depend on accelerated precursor
maturation, which requires at least 2 to 3 days. In our
experience, the neutrophil counts of most neutropenic
parvovirus-infected puppies rebound within several days
with supportive care and clinical recovery from the virus. 

SEPTICEMIA
Another consumptive cause for neutropenia is sep-

ticemic infection caused by gram-negative bacteria.
Neutropenia develops as a result of sepsis and endotox-
emia in young animals.15 The ongoing concern for
gram-negative infections in neonates has sparked inter-
est in the use of rhG-CSF in this setting. In a study
performed by Eichaker and coworkers, supplementa-
tion of rhG-CSF reduced levels of serum endotoxin,
tumor necrosis factor, and blood bacterial counts in
beagles with induced septicemia.16

Septicemia is a leading cause of death in foals.17 In
normal foals, rcG-CSF and recombinant bovine G-CSF
produce a significant increase in neutrophil counts. For
this reason, supplementation of colony-stimulating
factors has been speculated to be prophylactically useful
in neonatal foals at risk for septicemia.18 As shown by
Eichaker and coworkers, increased neutrophil numbers
should reduce the chance of bacterial infections if G-

CSF is supplemented before
the onset of septicemia.16

FELINE
IMMUNODEFICIENCY
VIRUS AND FELINE
LEUKEMIA VIRUS

Another area that war-
rants further investigation
of the use of G-CSF is neu-
tropenia secondary to feline
immunodeficiency virus
(FIV) and feline leukemia
virus. Positive results have
been observed in patients
with AIDS supplemented
with G-CSF, which can im-
prove neutrophil function
and erythropoiesis, enhance
fungicidal activity of poly-
morphonuclear leukocytes,

and permit the use of antiviral therapy (which results in
neutropenia), as is discussed in Part I of this article. 

Because of the strong similarity between HIV and
FIV, comparable results would be expected in cats in-
fected with FIV. However, rhG-CSF would have to be
administered long-term in patients with FIV, and anti-
body production would be expected.5 Recombinant fe-
line G-CSF would be a better choice in such cats, but
this product is not commercially available at this time.
To our knowledge, no controlled studies have been re-
ported to date concerning the use of G-CSF in FIV-
infected cats.

CONCLUSION
In our experience, supplementation of rhG-CSF has

had beneficial effects in veterinary patients with myelo-
suppression from chemotherapy and in gray collies with
cyclic neutropenia. It is debatable whether similar bene-
fits occur in puppies infected with parvovirus. Further
studies are indicated to determine the efficacy of this
cytokine in preventing secondary infections in cats in-
fected with FIV.
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Figure 2—Differentiation and maturation of hematopoietic
cell lineages in response to hematopoietic growth factors in
the bone marrow (EPO = erythropoietin; G-CSF = granulo-
cyte colony-stimulating factor; GM-CSF = granulocyte-
macrophage colony-stimulating factor; IL = interleukin;
TPO = thrombopoietin).
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