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ABSTRACT.	 The	present	study	evaluated	the	effects	of	single-dose	filgrastim	on	hematology	in	16	healthy	horses	after	long-distance	trans-
portation.	Horses	were	assigned	to	receive	filgrastim	(0.23	µg/kg, SC, once; G-CSF group; n=8) or saline (0.9% NaCl) solution (0.3 ml, 
SC,	once;	control	group;	n=8)	≤	1	hr	before	transportation.	Horses	were	transported	2,530	km	using	commercial	vans	over	the	course	of	
approximately 44 hr. Clinical examinations and hematologic analyses were performed on all horses before and after transportation. Because 
the	post-transportation	white	blood	cell	counts	and	bacillary	neutrophil	to	segmented	neutrophil	ratio	were	significantly	higher	in	the	G-
CSF	group,	filgrastim	may	have	promoted	the	mobilization	of	neutrophils	from	marrow.	Filgrastim	deserves	a	further	study	for	efficacy	in	
preventing horse shipping fever.
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Fever associated with transportation is thought to be 
induced primarily by transportation stress and deterioration 
of the environment in the truck, and it is typically observed 
20 hr or more after the start of transportation [4, 7, 8]. The 
horse’s bronchoalveolar region can become infected by op-
portunistic pathogens, including Streptococcus equi subsp. 
Zooepidemicus (S. zooepidemicus), a resident of the tonsil-
lar tissues and trachea that is considered the main causative 
organism of shipping fever [5, 7, 8, 12].
We	took	notice	of	fluoroquinolone	antibiotics,	because	S. 

zooepidemicus is sensitive to them and their antibacterial ac-
tivity lasts about 24 hr. We reported that fever associated with 
transportation	 was	 significantly	 decreased	 by	 prophylactic	
administration	 of	 5	 mg/kg	 enrofloxacin	 (ERFX)	 [10]	 and	
2	mg/kg	marbofloxacin	 (MRFX)	 [2,	 3].	 However,	 regard-
ing the use of an antimicrobial agent, there is the problem 
of onset of resistant bacteria. Also, the prophylactic effect 
of antimicrobial agents during transportation has not been 
established for periods of transportation of more than 24 hr.

On the other hand, it is known that the G-CSF (granu-
locyte colony-stimulating factor) promotes granulocytic 
growth	in	marrow	and	mobilization	to	peripheral	blood	[1].	

Filgrastim, nartograstim, lenograstim and others, are sold as 
G-CSF formulations, and are applied for neutropenia occur-
ring	during	chemotherapy	for	tumors	in	the	field	of	human	
medicine [1]. Although a formulation has been applied to al-
loimmune neonatal neutropenia and neonatal isoerythrolysis 
in	 the	field	of	equine	medicine	[11],	application	of	G-CSF	
formulations has not advanced because they were too expen-
sive to use for horses. However, in recent years, generic drug 
products have been released and have been priced such that 
they	can	be	applied	in	equine	medical	care.	According	to	a	
previous	investigation,	serum	G-CSF	was	significantly	high	
in	horses	that	developed	transportation-associated	fever	[6].	
Therefore, an increase level of G-CSF represents one of the 
natural healing responses and is thought to be a condition 
suitable for exclusion of S. zooepidemicus. However, there 
are, to our knowledge, no previous reports of the effect of a 
G-CSF formulation during transportation.
In	 the	 present	 study,	 we	 applied	 filgrastim,	 which	 was	

one of the G-CSF formulations for horses, and investigated 
the effects of it on hematology in healthy horses after long-
distance transportation.

Sixteen clinically healthy Thoroughbred yearlings were 
used for this experiment. The horses were divided into 2 
groups	of	8	horses	 each:	 a	filgrastim	administration	group	
(G-CSF group; 4 males, 4 females; age, 1 year old; body 
weight [mean ± standard deviation (SD)], 429 ± 22 kg) and 
a control group (3 males, 5 females; age, 1 year old; body 
weight [mean ± SD], 421 ± 25 kg). The horses in the 2 groups 
were administered, by subcutaneous administrations, G-CSF 
(Filgrastim BS 300 µg Syringe for Inj. MOCHIDA, Tokyo, 
Japan) at 0.23 µg/kg or saline (Otsuka Saline Injection, To-
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kyo, Japan) at 0.3 ml, respectively. These doses were deter-
mined	based	on	our	preliminary	experiment	using	6	healthy	
Thoroughbreds. As a result of trying 3 different doses (0.15 
µg/kg, 0.23 µg/kg or 0.31 µg/kg), the Tukey-Kramer test 
revealed	that	neutrophils	were	significantly	increased	1	day	
and	2	days	after	administration	of	filgrastim	at	0.23	µg/kg or 
more.	When	we	gave	filgrastim	to	6	horses	subcutaneously	
at 0.23 µg/kg, the level of neutrophils at 1 day (5,702 ± 914 
/ mm3) and 2 days (4,902 ± 1,128 /mm3) after administration 
significantly	 increased	 as	 compared	with	 the	 value	 before	
administration (3,185 ± 914 / mm3, data are expressed mean 
± SD). Drugs were administrated no more than 1 hr before 
the vans departed.

The departure point was HBA Hokkaido Sales Complex, 
and	 the	destination	was	 the	 JRA	Miyazaki	Yearling	Train-
ing Farm. The duration of transportation was approximately 
44 hr, and the distance was 2,530 km. The land portion of 
the route was 2,420 km (expressway 2,320 km and national 
highway 100 km), and the sea portion of the route was 110 
km. We used a large ferry for the sea portion of the route 
(from Hakodate Port in Hokkaido Prefecture to Aomori Port 
in Aomori Prefecture); the ferry trip took 3 hr and 30 min.

We used 3 commercial vans, each of which could be 
loaded	with	6	horses	and	was	designed	exclusively	for	horse	
transportation. The structure of the vans was the same for all 
3. To prevent the horses from lowering their heads and get-
ting injured, they were tied to a wall of the vans with ropes 
during transportation and break times. The horses were fed 4 
times	during	transportation	(at	comfort	stops	6	hr,	21	hr,	30	
hr and 41 hr after the start of transportation); they were indi-
vidually fed assorted types of feed at 1 kg/head. Water was 
always in free supply. Travel breaks were taken for about 15 
to 30 min every 4 hr, and the insides of the trucks were venti-
lated at every break. After transportation, all horses were put 
out to pasture for 4 hr.

Before, during and after transportation, the horses were 
also examined by ocular inspection and palpation for the 
presence of any locomotive or digestive system signs associ-

ated with the medication (G-CSF or saline). Rectal tempera-
ture was taken with a mercury thermometer just before and 
just after transportation and at one day after arrival.

Blood samples were collected from the jugular veins of 
the animals before transportation, after transportation and 
the day after transportation in plain blood collection tubes 
(VP-P100K, Terumo, Tokyo, Japan) and tubes containing 
EDTA (VC-C50, Terumo). The EDTA blood was used to 
measure the peripheral white blood cell (WBC) count by 
automatic hemocytometer (K-4500, Sysmex, Kobe, Japan). 
The EDTA blood also was used to calculate the neutrophil to 
lymphocyte ratio (N/L ratio) and the bacillary neutrophil to 
segmented neutrophil ratio after preparation of smears by a 
fixation	method	(Diff-Quick	16920,	Sysmex).	Two	hundred	
cells per representative area were counted, and the N/L ratio 
and the bacillary neutrophil to segmented neutrophil ratio 
were calculated.

Some data did not show normal distributions; thus, we 
used nonparametric tests for statistical analysis. Data were 
expressed as a median and range. After performing the 
Friedman	 test,	 some	data	 showed	marginal	 significance.	A	
multiple comparisons test (Steel-Dwass) was performed for 
the	data	that	showed	marginal	significance	by	the	Friedman	
test. Values of P<0.05	were	considered	significant.

No side effects, including locomotive or digestive system 
signs, were associated with the medications (G-CSF or sa-
line) before, during or after transportation.

In comparisons between control group and G-CSF group, 
no	significant	differences	were	found	in	the	various	measure-
ment values before transportation (Table 1). After transpor-
tation	(48	hr),	rectal	temperatures	did	not	differ	significantly	
among	 the	 2	 groups,	 with	 the	 temperatures	 being	 38.6°C	
(38.0–39.0)	in	the	G-CSF	group	and	38.6°C	(38.0–39.0)	in	
the control group. However, the WBC counts and bacillary 
neutrophil	 to	segmented	neutrophil	 ratio	were	significantly	
higher in the G-CSF group compared with those in the 
control group after transportation (48 hr). Furthermore, the 
bacillary neutrophil to segmented neutrophil ratio was also 

Table	1.	 Rectal	temperatures	and	blood	parameters	before	and	after	transportation	in	horses	dosed	prophylactically	with	filgrastim

Group Sampling 
(elapsed time)

Rectal temperature 
(°C)

Peripheral blood

WBC (/mm3) N/L ratio Bacillary neutrophil to 
segmented neutrophil ratio

Control Before transportation (0 hr) 38.0 12,295 1.12 0.02
(37.4–38.6) (8,640–16,480) (0.63–1.91) (0.00–0.12)

After transportation (48 hr) 38.6 9,300a 1.12 0.02cD

(38.0–39.0) (8,000–12,200) (0.78–1.54) (0.00–0.05)
Day after transportation (72 hr) 38.2 11,550 1.12 0.03

(37.6–38.4) (8,100–14,300) (0.81–1.60) (0.00–0.10)
G-CSF Before transportation (0 hr) 38.1 13,545 0.92b 0.01

(37.6–38.7) (8,930–16,280) (0.63–1.33) (0.00–0.17)
After transportation (48 hr) 38.6 13,500a 1.91b 0.10D

(38.0–39.0) (10,200–19,600) (1.22–3.05) (0.07–0.17)
Day after transportation (72 hr) 38.2 12,400 1.28 0.06c

(38.0–38.3) (8,400–13,700) (0.76–1.69) (0.04–0.09)

Data	are	expressed	as	the	median	(range),	a,	b,	c,	D	Values	with	the	same	superscript	letters	are	significantly	(large	letter,	P<0.01; small 
letters, P<0.05) different according to the Steel-Dwass test.
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significantly	higher	in	the	G-CSF	group	the	day	after	trans-
portation (72 hr) compared with that in the control group 
after transportation (48 hr). In the G-CSF group, the N/L 
ratio	 after	 transportation	 (48	 hr)	 was	 significantly	 higher	
than that before transportation (0 hr). In addition, none of 
the numerical values exhibited a sex difference.

In the humans, side effects, such as headache, fever and 
back pain, have been reported according to dosage of a G-
CSF formulation [9]. However, no side effects, including 
signs of the locomotive and digestive systems, were observed 
before, during or after transportation in the horses adminis-
tered	filgrastim	in	the	present	study.	Therefore,	we	surmise	
that	 filgrastim	 is	 safe	 for	 subcutaneous	 administration	 (at	
0.23 µg/kg) just before transportation in young racehorses.

Because none of the horse developed shipping fever in the 
control group, no difference was found in temperature be-
tween the groups. The WBC counts and bacillary neutrophil 
to segmented neutrophil ratio just after transportation (48 hr) 
showed	a	significantly	high	value	in	the	G-CSF	group.	Fur-
thermore, the bacillary neutrophil to segmented neutrophil 
ratio	was	also	significantly	higher	 in	 the	G-CSF	group	 the	
day after transportation (72 hr) compared with that in the 
control group after transportation (48 hr). Neutrophil mature 
into segmented neutrophils from bacillary neutrophils in the 
final	stage	of	differentiation	[1].	Both	bacillary	neutrophils	
and segmented neutrophils combat infections. However, a 
high ratio of bacillary neutrophils means that more active 
mobilization	of	neutrophils	is	being	accomplished	from	mar-
row. In the G-CSF group, the N/L ratio after transportation 
(48	hr)	was	significantly	higher	than	that	before	transporta-
tion	(0	hr).	Thus,	when	filgrastim	was	given,	granular	leuko-
cytes	(above	all	neutrophils)	were	mobilized	by	marrow,	and	
it was surmised that the horses being transported were in a 
state in which natural immunity was activated. In this study, 
the	effect	was	sufficient	with	doses	(0.23	µg/kg) much lower 
than conventional doses (1.4–3.5 µg/kg) [11]. Because the 
G-CSF formulation was applied to healthy horses in which 
myelosuppression did not occur in the present study, it was 
thought that even low doses of G-CSF were effective. There-
fore, it was thought that G-CSF formulation are applicable to 
horses from the standpoint of cost.

In a previous study, it was thought that transport adversely 
affected the normally effective mucosal defence mechanism 
(e.g., ciliary motility) in the airways, leading to invasion by 
S. zooepidemicus (a common commensal microorganism in 
the	equine	tonsil	and	nasopharynx)	into	the	lower	airways,	
thus	inducing	acute	lower	airway	inflammation	in	the	affect-
ed horses [8]. The present study suggests that administration 
of	filgrastim	just	before	transportation	activates	natural	im-
munity for more than 48 hr and can protect against invasion 
by S. zooepidemicus.
In	conclusion,	it	was	thought	that	filgrastim	promoted	the	

mobilization	of	neutrophils	from	marrow	to	peripheral	blood	
in	healthy	Thoroughbred	yearlings.	The	efficacy	of	adminis-
tration	of	filgrastim	just	before	transportation	in	preventing	
horse fever associated with transportation is worthy of a 
further study.
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