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Blood haemogram in Ovis aries and Capra hyrcus: effect of
storage time
Francesco Fazio, Giuseppe Giangrosso, Simona Marafioti, Elisa Zanghì, Francesca Arfuso, and
Giuseppe Piccione

Abstract: The aim of the present study was to assess the effect of storage time at +4 °C on haematological profile in
goat (n = 25) and sheep (n = 25). After collection, blood samples were immediately analyzed and then divided into
four aliquots that were stored at 4 °C and tested at 24 h (T1), 48 h (T2), 72 h (T3), and 1 wk (T4), respectively. One-way
repeated-measures analysis of variance (ANOVA) was used to determine statistically significant effect of storage
conditions both in goats and in sheep. Our results showed that among the two species studied, goats showed high-
est blood stability after refrigeration at +4 °C. In goats, all hematological parameters, except PLT, showed no
significant changes during all days of monitoring with respect to basal values (T0). In sheep, no significantly effect
of storage time on RBC and WBC levels were found, whereas the other hematological parameters change signifi-
cantly over the time. Our findings suggest that the blood storage time reported for goat may not be applied to
sheep’s blood, which underscore the differences between these two species that are erroneously considered
similar.
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Résumé : Le but de cette étude était d’évaluer l’effet du temps de stockage à +4 °C sur le profile hématologique des
chèvres (n = 25) et des moutons (n = 25). Après les prélèvaments, des échantillons de sang ont été immédiatement
analisé et après divisés en quatre aliquotes qui ont été stockés à 4 °C et testés à 24 h (T1), 48 h (T2), 72 h (T3) et à une
semaine (T4), respectivement. Une analyse de la variance (ANOVA) à un facteur à mesures répétées a été utilise
pour déterminer l’effect statistiquement significative des conditions de stockage chez les chèvres et les moutons.
Nos resultants ont montré que entre les deux espèces étudiées, les chèvres ont montré une stabilité sanguine plus
grande après la réfrigération à +4 °C. Chez les chèvres, tous les paramètres hématologiques, excepté PLT, ont pas
montré changements significatives durant tous les jours de surveillance par rapport aux valeurs de base (T0).
Chez les moutons, n’a pas étè détecté aucun effet significantif du temps de stockage sur les niveaux de RBC et
WBC, tandis que les autres paramètres hématologique changent significantivement dans le temps. Notre
découverte suggère que le temps de stockage de sangue indiqué pour les chèvres ne peut pas être appliqué sur
le sang dumoutoun soulignant les différences entre les deux espèces étudiées qui sont à tort considérés similaires.
[Traduit par la Rédaction]

Mots-clés : stabilité sanguine, paramètres hématologiques, chèvres, moutons, temps de stockage.

Introduction
In Mediterranean areas, sheep and goat represents

one of the most important resources for the agriculture
economy. Extensive grazing methods represent an
ancient, traditional practice for using poor lands. This
sector involves more than 10 000 farms of sheep and
goats (6% and 15%, respectively, of the Italian national

herds) (Caracappa 1999). Considering the social and eco-
nomic values of goats and sheep, it is important to per-
form, in animal farms, clinic and paraclinic exams to
guarantee sanitary control strategies, prevention or
treatment of diseases, and ensure good management
practices. In small ruminants (sheep and goat), the hae-
matological analysis is an important and reliable tool
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used to monitor and evaluate health and welfare status
of animals (Babatunde et al.1992; Gupta et al. 2007;
Polizopoulou 2010). For complete blood counts, after
blood collection in ethylenediaminetetra-acetic acid
(EDTA) tubes, samples should be rolled gently several
times to ensure adequate anticoagulant mixing and
processed as soon as possible (Brockus and Andreasen
2003; Morris 2008a, b). Although it is recommended to
perform laboratory analysis immediately upon collec-
tion, if this is not possible especially when blood samples
are collected from remotely located farms, then the sam-
ples must be refrigerated at 4 °C. Blood samples for-
warded by mail to a laboratory may produce artefactual
results; therefore, it is imperative to ensure packing with
ice or cold packs in insulated containers to minimize
these effects (Jones and Allison 2007; Topper and
Welles 2003). It is well known that prolonged storage
could compromise red blood cell (RBC) properties, in
particular storage condition could lead to metabolic
depletion, disturbed ion homeostasis, protein and lipid
modifications (e.g., oxidation, degradation, cross-linking),
and volume changes accompanied by alterations
in intracellular hemoglobin concentrations (Ho et al.
2003; vanWijk and van Solinge 2005). RBC mechanical
properties have also been shown to be altered during
the time period between sampling and measurement
(Bartoli et al. 1986; Zhang et al. 2004). Room temperature
also caused greater RBC swelling to occur after 6–24 h,
may lead to aberrations, such as increased PCV and
decreased MCHC. Buttarello (2004) and Goosens (1994)
in their experimental protocol suggested that refrigera-
tion of human blood samples from 24 to 72 h is recom-
mended to stabilize blood and minimize artifactual
changes. Other studies (Ihedioha and Ibeachu 2005;
Ihedioha and Onwubuche 2007) conducted on different
animal species showed significant differences in the sta-
bility of blood samples stored at room or refrigerator
temperature. Particularly, a study conducted on bovine
blood (Bluel et al. 2002) showed that refrigeration had a
stabilizing effect on RBC and a decrease on white blood
cells (WBC) during 24 h of storage, whereas equine blood
samples stored at room temperature were more stable
when compared with refrigerated samples. In fish, hae-
matological parameters can be assessed within 6 h from
blood collection when samples are stored at +4 °C
because long-term storage modifies the results of the
analyses (Faggio et al. 2013). As shown by the literature,
the period during which the assessed parameters change
significantly from baseline values varies from one spe-
cies to the other. Much of the available information on
the haematology of small ruminants are known from
data on sheep and goats (Piccione et al. 2007, 2011, 2014)
because of their economic importance; however, there
are relatively few reports regarding blood storage in
these species. In view of this lack of information, the
objective of this study was to evaluate the stability of
hematological parameters in goats and sheep blood

stored at 4 °C at different times: T0 (within 3 h after sam-
pling), T1 (24 h after sampling), T2 (48 h after sampling),
T3 (72 h after sampling), and T4 (1 wk after sampling).

Materials and Methods
Twenty-five Maltese goats (2–3 yr, 42 ± 5 kg body

weight) and twenty-five Valle del Belice sheep (2–3 yr,
68 ± 4 kg body weight) were enrolled in this study. Goats
were reared in a farm located inMessina (37°87′N, 14°30′E;
Sicily) at an altitude of 723 m above sea level. Sheep
were reared in a farm situated in Palermo (37°7′N,
13°30′E; Sicily) at an altitude of 734 m above sea level. All
subjects were milked in the morning at 0700 and in the
evening at 1700 and they were subjected to the same
management condition. All animals were clinically
healthy and free from internal and external parasites.
They were treated for endoparasites twice a year. Their
health status was evaluated based on rectal temperature,
heart rate, respiratory profile (data not shown), appetite,
and fecal consistency. In both goats and sheep, blood
samples (3.5 mL) were withdrawn at 0800, at 15 ± 3 d
after delivery, from the external jugular vein using
Vacutainer tubes (Terumo Corporation, Tokyo, Japan)
containing K3-EDTA as the anticoagulant agent. Blood
samples were stored on “wet ice” (4∼6 °C) in a small insu-
lated container. The ice was contained in plastic bags and
the sample tubes were in a tray on the ice bags, and thus
the tubes did not directly contact the ice. The tempera-
ture inside the container was continuously monitored.
Blood samples were tested within 3 h after sampling (T0)
and then were divided into four aliquots that were stored
at 4 °C and tested at 24 h (T1), 48 h (T2), 72 h (T3), and 1 wk
(T4), respectively. Prior to testing, the cooled samples
were removed from the insulated container and left at
room temperature for 20 min, then each blood sample
was gently mixed and measured. An automated analyser
for haematology (HECO Vet C, SEAC, Florence, Italy) was
used to assessed blood heamogram that included the
following parameters: RBC, WBC, haemoglobin (Hgb),
haematocrit (Hct), platelets (PLT), mean corpuscular
volume (MCV), mean cell haemoglobin (MCH), and mean
cell haemoglobin concentration (MCHC). All treatments,
housing, and animal care were carried out in accordance
with the guidelines established by the Canadian Council
on Animal Care (2009) for animal experiments.

Statistical analysis
All results are expressed as means ± SD. Data were nor-

mally distributed (P > 0.05; Kolmogorov–Smirnov test).
One-way repeated-measures analysis of variance
(ANOVA) was used to determine statistically significant
effect of storage conditions in both goats and sheep.
A P value <0.05 was considered statistically significant.
Bonferroni’s multiple comparison test was applied for
post hoc comparison. The data were analyzed using the
STATISTICA version 8 software (StatSoft, Inc., Tulsa,
OK, USA).
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Results
In goats, all hematological parameters, except PLT,

showed no significant changes during different storage
times with respect to basal values (T0). As reported in
Fig. 1, PLT values in blood stored at 4 °C decreased

already after 48 h sampling with respect to the baseline
value (P < 0.0001). In sheep, no significant effect of stor-
age time on RBC (P > 0.05) and WBC (P > 0.05) levels were
found, whereas the other hematological parameters
changed significantly in different way.

Fig. 1. Patterns of haematological parameters recorded in goats and sheep during the experimental period. Mean values without
the same letters at different time points represent statistical differences.
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In particular, Hgb showed a small but significant
decrease from the baseline value (10.62 ± 0.90 g dL−1)
already after 48 h (10.31 ± 0.71 g dL−1) and it continued to
decrease slightly attaining a value of 10.23 ± 0.69 g dL−1

after 1 wk (P < 0.0001). Hct significantly increased
already after 24 h of sample collection and storage at
4 °C (28.06 ± 2.03%) with respect to the baseline values
(27.38 ± 2.62%) and reached the highest value after 1 wk
(28.88 ± 2.02%) (P < 0.0001). With respect to erythrocytes
indices, our results showed a consistent increase over
time in MCV values, and a decrease in MCHC and MCH
values after 48 h (P < 0.0001). As well as in goats, PLT
decreased already after 48 h sampling with respect to
the baseline value (P < 0.05).

Discussion
Between the two species studied, goats showed the

highest blood stability after refrigeration at 4 °C for
1 wk. In our study, both goats and sheep blood samples
showed a decrease in PLT values starting at 48 h after col-
lection and storage at 4 °C. It has been reported that PLT
counts are the most unstable variable during storage of
canine whole blood (Caillard 2002) with the decrease
starting as early as 6 h after sampling. PLT stored at
4 °C are associated with an irreversible disk-to-sphere
transformation. The loss of shape in platelets stored at
4 °C may be the result of microtubule disassembly,
which may also contribute to the decreased survival of
PLT stored at 4 °C (Kattlove et al. 1972). RBC and WBC
showed no changes for all time of monitoring in both
goats and sheep. With respect to other mammals (except
for camels), these species have more resistant erythro-
cytes. This may be due partly to the shape of erythro-
cytes, which is oval rather than the circular discs seen
in other mammalian erythrocytes, and partly to the com-
position of the erythrocyte membrane. RBC deformabil-
ity and then cell resistance is determined by numerous
factors such as internal viscosity, membrane rheologic
behavior, cellular membrane surface area to cell volume
ratio, and cell shape (Stoltz et al. 1999). In particular, it
was suggested that the phospholipid classes and not the
phospholipid concentrations are important in the deter-
mination of the physiological functions of the erythro-
cytes (Mirgani 1992; Schwartz et al. 1985; Warda and
Zeisig 2000). Spingomyelin, phosphatidylcholine/phos-
phatidylethanolamine govern the fragility of erythro-
cytes. It was found that the sphingomyelin fraction is
the most abundant in animals that we studied, followed
by phosphatidylcholine (Al-Qarawi and Mousa 2004). The
sum of these two classes constituted 74% and 72% in
sheep and goats, respectively, and it is responsible for
the stability of RBC. Even if RBC of sheep were resistant
to storage condition, we found an increase in MCV val-
ues probably due to the higher deformability of RBC.
According to other researches, the increase in MCV
reflects the swelling of RBC (Hadzimusic et al. 2010).
RBC swell and increases in size/volume are due to

degenerative changes that permit ingress of water
into the cells compromising the membrane stability
(Hadzimusic et al. 2010). Wood et al. (1999) indicated that
refrigerate storage prevented the swelling and in par-
ticular it was demonstrate that RBC membrane fragility
decreases with storage time in goats (Okwusidi 2004);
this could justify the absence of changes in goat RBC.
The increase in MCV produced the same trend in HCT.
Decrease in Hgb concentration was thought to be
due to conversion of some of the Hgb to degradation
intermediates as reported in pigs (Ihedioha and
Onwubuche 2007). MCH decrease because the Hgb con-
centration decrease. Similarly, the decrease in MCHC
values is related to the change of Hgb and the increase
in Hct.

Our results provide new perspectives for veterinary
practitioners, laboratory technologists, and research
hematologists. Moreover, our findings underscore the
importance of processing blood samples that take into
account the species being analyzed and they confirm
the existing hematological differences between goats
and sheep that are erroneously considered similar.

Conflict of Interest Statement
We declare having no conflict of interest.

References
Al-Qarawi, A.A., and Mousa, H.M. 2004. Lipid concentrations in

erythrocyte membranes in normal, starved, dehyrated and
rehydrated camels (Camelus dromedarius), and in normal
sheep (Ovis aries) and goats (Capra hircus). J. Arid. Environ.
59: 675–683. doi:10.1016/j.jaridenv.2004.02.004.

Babatunde, G.M., Fajimi, A.O., and Oyejide, A.O. 1992. Rubber
seed oil versus palm oil in broiler chicken diets. Effects on
performance, nutrient digestibility, haematology and carcass
characteristics. Anim. Feed Sci. Tech. 35: 133–146.

Bartoli, V., Albanese, B., Manescalchi, P.G., Mannini, L., and
Pasquini, G. 1986. Influence of blood storage conditions and
anticoagulants on results of blood cell filtration test. Clin.
Hemorheol. 6: 137–149.

Bluel, U., Sobiraj, A., and Bostedt, H. 2002. Effects of duration of
storage and storage temperature on cell counts of bovine
blood samples as determined by an automate haematology
analyzer. Comp. Clin. Pathol. 11: 211–216. doi:10.1007/
s005800200021.

Brockus, C.W., and Andreasen, C.B. 2003. Erythrocytes.
Pages 3–45 in K.S. Latimer, E.A. Mahaffey, and K.W. Prasse,
eds. Duncan and Prasse’s veterinary laboratory medicine
clinical pathology. Iowa State University Press, Ames, IA.

Buttarello, M. 2004. Quality specification in haematology: the
automated blood cell count. Clin. Chim. Acta. 346: 45–54.
doi:10.1016/j.cccn.2004.02.038. PMID:15234635.

Caillard, A. 2002. Influence du temps de conservation du sang
sur l’hémogramme réalisé avec le Vet ABC chez le chien et
le chat [Influence of the duration of storage on canine and
feline hemogram performed with the Vet ABC]. Thesis,
Ecole Nationale Veterinaire, Toulouse, France.

Canadian Council of Animal Care. 2009. Guidelines on the care
and use of farm animals in research, teaching, and testing.
Canadian Council of Animal Care, Ottawa, ON. Available from
http://ccac.ca/Documents/Standards/Guidelines/Farm_Animals
.pdf [accessed 4 June 2015].

Fazio et al. 35

Published by NRC Research Press

C
an

. J
. A

ni
m

. S
ci

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

79
.4

4.
43

.2
46

 o
n 

03
/2

4/
16

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 

http://dx.doi.org/10.1016/j.jaridenv.2004.02.004
http://dx.doi.org/10.1016/j.jaridenv.2004.02.004
http://dx.doi.org/10.1016/j.jaridenv.2004.02.004
http://dx.doi.org/10.1016/j.jaridenv.2004.02.004
http://dx.doi.org/10.1016/j.jaridenv.2004.02.004
http://dx.doi.org/10.1016/j.jaridenv.2004.02.004
http://dx.doi.org/10.1007/s005800200021
http://dx.doi.org/10.1007/s005800200021
http://dx.doi.org/10.1007/s005800200021
http://dx.doi.org/10.1016/j.cccn.2004.02.038
http://dx.doi.org/10.1016/j.cccn.2004.02.038
http://dx.doi.org/10.1016/j.cccn.2004.02.038
http://dx.doi.org/10.1016/j.cccn.2004.02.038
http://dx.doi.org/10.1016/j.cccn.2004.02.038
http://dx.doi.org/10.1016/j.cccn.2004.02.038
http://www.ncbi.nlm.nih.gov/pubmed/15234635
http://ccac.ca/Documents/Standards/Guidelines/Farm_Animals.pdf
http://ccac.ca/Documents/Standards/Guidelines/Farm_Animals.pdf
http://ccac.ca/Documents/Standards/Guidelines/Farm_Animals.pdf
http://www.nrcresearchpress.com/action/showLinks?crossref=10.1016%2Fj.jaridenv.2004.02.004
http://www.nrcresearchpress.com/action/showLinks?crossref=10.1007%2Fs005800200021
http://www.nrcresearchpress.com/action/showLinks?pmid=15234635&crossref=10.1016%2Fj.cccn.2004.02.038


Caracappa, S. 1999. Livestock production and animal health in
Sicily, Italy. Parassitologia 41: 17–23. PMID:11071536.

Faggio, C., Casella, S., Arfuso, F., Marafioti, S., Piccione, G., and
Fazio, F. 2013. Effect of storage time on haematological
parameters in mullet, Mugil cephalus. Cell. Biochem. Funct.
31: 412–416. doi:10.1002/cbf.2915. PMID:23097308.

Goosens, W. 1994. Pre-analytical effects on automated differen-
tial blood cell counts. Nouv. Rev. Fr. Haematol. 36: 114–117.

Gupta, A.R., Putra, R.C., Sani, M., and Swarup, D. 2007.
Haematology and serum biochemistry of Chital (Axis axis)
and barking deer (Muntiacus muntijax) reared in semi-
captivity. Vet. Res. Comm. 31: 801–808. doi:10.1007/
s11259-006-0095-8.

Hadzimusic, N., Muhamed, K., Muharemovic, Z., and
Mušanovic, J. 2010. Effect of temperature storage on hemato-
logical of avian Turkey blood. Int. J. Collab. Res. Internal.
Med. Public Health, 2: 158–166.

Ho, J., Sibbald, W.J., and Chin-Yee, I.H. 2003. Effects of storage
on efficacy of red cell transfusion: when is it not safe? Crit.
Care Med. 31: S687–S697. doi:10.1097/01.CCM.0000099349
.17094.A3. PMID:14724467.

Ihedioha, J.I., and Ibeachu, C.O. 2005. Time-related quantitative
changes in the haematological values of rat blood kept at
room temperature. Proc. 30th Annual Conf. Nig. Soc. Anim.
Product. Nsukka Nigeria, 30: 41–44.

Ihedioha, I., and Onwubuche, R.C. 2007. Artifactual changes in
PCV, haemoglobin concentration, and cell counts in bovine,
caprine, and porcine blood stored at room and refrigerator
temperatures. Vet. Clin. Pathol. 36: 60–63. doi:10.1111/j
.1939-165X.2007.tb00183.x. PMID:17311196.

Jones, M.L., and Allison, R.W. 2007. Evaluation of the ruminant
complete blood cell count. Vet. Clin. N. Am. Food.
Anim. Pract. 23: 377–402. doi:10.1016/j.cvfa.2007.07.002.
PMID:17920454.

Kattlove, H.E., Alexander, B., and White, F. 1972. The effect of
cold on platelets: platelet function after short-term storage at
cold temperatures. Blood 40: 688–696. PMID:4562368.

Mirgani, T. 1992. Lipid composition of camel erythrocytes.
J. Arid. Environ. 22: 401–405.

Morris, D.D., 2008a. Collection and submission of samples for
cytologic and hematologic studies. Pages 398–399
in B.P. Smith, ed. Large animal internal medicine. Mosby,
Philadelphia, PA.

Morris, D.D., 2008b. Alterations in the erythron. Pages 400–410
in B.P. Smith, ed. Large animal internal medicine. Mosby,
Philadelphia, PA.

Okwusidi, J.I. 2004. Long term storage stabilizes human eryth-
rocyte membrane in Nigerian black males. African.
J. Biomed. Res. 7: 9–12. doi:10.4314/ajbr.v7i1.54058.

Piccione, G., Assenza, A., Fazio, F., Grasso, F., and Caola, G. 2007.
Serum concentration of calcium, phosphate and 1, 25-dihy-
droxyvitamin D3 in goats (Capra hyrcus): daily rhythms.
J. Appl. Biomed. 5: 91–96.

Piccione, G., Messina, V., Giannetto, C., Casella, S., Assenza, A.,
and Fazio, F. 2011. Seasonal variations of the serum
proteins in sheep and goats (short communication). Archiv.
Tierzucht. 54: 399–405.

Piccione, G., Monteverde, V., Rizzo, M., Vazzana, I., Assenza, A.,
Zumbo, A., and Niutta, P.P. 2014. Haematological parameters
in Italian goats: comparison between girgentana and aspro-
montana breeds. J. Appl. Anim. Res. 42: 434–439. doi:10
.1080/09712119.2013.875914.

Polizopoulou, Z.S. 2010. Haematological tests in sheep health
management. Small Rum. Res. 92: 88–91. doi:10.1016/j
.smallrumres.2010.04.015.

Schwartz, R.S., Chiu, D.T., and Lubin, B. 1985. Plasmamembrane
phospholipid organization in human erythrocyte. Curr.
Tropical Hematol. 5: 63–112. PMID:3882343.

Stoltz, J.F., Singh, M., and Riha, P. 1999. Microrheological param-
eters. Pages 27–52 in Haemorheology in practice. IOS Press,
Amsterdam, Berlin, Oxford, Tokyo.

Topper, M.J., and Welles, E.G., 2003. Hemostasis. Pages 99–135
in K.S. Latimer, E.A. Mahaffey, and K.W. Prasse, eds. Duncan
and Prasse’s veterinary laboratory medicine clinical pathol-
ogy. Iowa State University Press, Ames, IA.

vanWijk, R., and van Solinge, W.W. 2005. The energy-less
red blood cell is lost: erythrocyte enzyme abnormalities
of glycolysis. Blood. 106: 4034–4042. doi:10.1182/blood-
2005-04-1622. PMID:16051738.

Warda, M., and Zeisig, R., 2000. Phospholipid and fatty
acid-composition in the erythrocyte membrane of the
one-humped camel (Camelus dromedaries) its influence
on vesicle properties prepared from these lipids. Deut.
Tierarztl. Wochenschr. 107: 368–373. PMID:11471495.

Wood, B., Andrews, J., Miller, S., and Sabath, De. 1999.
Refrigerated storage improves the stability of the complete
blood cell count and automated differential. Am. J. Clin.
Pathol. 112: 687–695. PMID:10549256.

Zhang, J., Zhang, X., Wang, N., Fan, Y., Ju, H., Yang, J., Wen, J.,
and Qu, X. 2004. What is the maximum duration to perform
the hemorheological measurement for the human and
mammals. Clin. Hemorheol. Microcirc. 31: 157–160.
PMID:15322320.

36 Can. J. Anim. Sci. Vol. 96, 2016

Published by NRC Research Press

C
an

. J
. A

ni
m

. S
ci

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

79
.4

4.
43

.2
46

 o
n 

03
/2

4/
16

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 

http://www.ncbi.nlm.nih.gov/pubmed/11071536
http://dx.doi.org/10.1002/cbf.2915
http://dx.doi.org/10.1002/cbf.2915
http://dx.doi.org/10.1002/cbf.2915
http://www.ncbi.nlm.nih.gov/pubmed/23097308
http://dx.doi.org/10.1007/s11259-006-0095-8
http://dx.doi.org/10.1007/s11259-006-0095-8
http://dx.doi.org/10.1007/s11259-006-0095-8
http://dx.doi.org/10.1097/01.CCM.0000099349.17094.A3
http://dx.doi.org/10.1097/01.CCM.0000099349.17094.A3
http://dx.doi.org/10.1097/01.CCM.0000099349.17094.A3
http://dx.doi.org/10.1097/01.CCM.0000099349.17094.A3
http://dx.doi.org/10.1097/01.CCM.0000099349.17094.A3
http://dx.doi.org/10.1097/01.CCM.0000099349.17094.A3
http://www.ncbi.nlm.nih.gov/pubmed/14724467
http://dx.doi.org/10.1111/j.1939-165X.2007.tb00183.x
http://dx.doi.org/10.1111/j.1939-165X.2007.tb00183.x
http://dx.doi.org/10.1111/j.1939-165X.2007.tb00183.x
http://dx.doi.org/10.1111/j.1939-165X.2007.tb00183.x
http://dx.doi.org/10.1111/j.1939-165X.2007.tb00183.x
http://dx.doi.org/10.1111/j.1939-165X.2007.tb00183.x
http://www.ncbi.nlm.nih.gov/pubmed/17311196
http://dx.doi.org/10.1016/j.cvfa.2007.07.002
http://dx.doi.org/10.1016/j.cvfa.2007.07.002
http://dx.doi.org/10.1016/j.cvfa.2007.07.002
http://dx.doi.org/10.1016/j.cvfa.2007.07.002
http://dx.doi.org/10.1016/j.cvfa.2007.07.002
http://dx.doi.org/10.1016/j.cvfa.2007.07.002
http://www.ncbi.nlm.nih.gov/pubmed/17920454
http://www.ncbi.nlm.nih.gov/pubmed/4562368
http://dx.doi.org/10.4314/ajbr.v7i1.54058
http://dx.doi.org/10.4314/ajbr.v7i1.54058
http://dx.doi.org/10.4314/ajbr.v7i1.54058
http://dx.doi.org/10.4314/ajbr.v7i1.54058
http://dx.doi.org/10.1080/09712119.2013.875914
http://dx.doi.org/10.1080/09712119.2013.875914
http://dx.doi.org/10.1080/09712119.2013.875914
http://dx.doi.org/10.1080/09712119.2013.875914
http://dx.doi.org/10.1016/j.smallrumres.2010.04.015
http://dx.doi.org/10.1016/j.smallrumres.2010.04.015
http://dx.doi.org/10.1016/j.smallrumres.2010.04.015
http://dx.doi.org/10.1016/j.smallrumres.2010.04.015
http://dx.doi.org/10.1016/j.smallrumres.2010.04.015
http://dx.doi.org/10.1016/j.smallrumres.2010.04.015
http://www.ncbi.nlm.nih.gov/pubmed/3882343
http://dx.doi.org/10.1182/blood-2005-04-1622
http://dx.doi.org/10.1182/blood-2005-04-1622
http://dx.doi.org/10.1182/blood-2005-04-1622
http://www.ncbi.nlm.nih.gov/pubmed/16051738
http://www.ncbi.nlm.nih.gov/pubmed/11471495
http://www.ncbi.nlm.nih.gov/pubmed/10549256
http://www.ncbi.nlm.nih.gov/pubmed/15322320
http://www.nrcresearchpress.com/action/showLinks?pmid=17920454&crossref=10.1016%2Fj.cvfa.2007.07.002
http://www.nrcresearchpress.com/action/showLinks?crossref=10.1080%2F09712119.2013.875914
http://www.nrcresearchpress.com/action/showLinks?pmid=15322320
http://www.nrcresearchpress.com/action/showLinks?pmid=3882343
http://www.nrcresearchpress.com/action/showLinks?pmid=23097308&crossref=10.1002%2Fcbf.2915
http://www.nrcresearchpress.com/action/showLinks?pmid=17294264&crossref=10.1007%2Fs11259-006-0095-8
http://www.nrcresearchpress.com/action/showLinks?pmid=16051738&crossref=10.1182%2Fblood-2005-04-1622
http://www.nrcresearchpress.com/action/showLinks?pmid=14724467&crossref=10.1097%2F01.CCM.0000099349.17094.A3
http://www.nrcresearchpress.com/action/showLinks?pmid=10549256&crossref=10.1093%2Fajcp%2F112.5.687
http://www.nrcresearchpress.com/action/showLinks?pmid=17311196&crossref=10.1111%2Fj.1939-165X.2007.tb00183.x
http://www.nrcresearchpress.com/action/showLinks?pmid=4562368
http://www.nrcresearchpress.com/action/showLinks?crossref=10.1016%2Fj.smallrumres.2010.04.015
http://www.nrcresearchpress.com/action/showLinks?pmid=11071536
http://www.nrcresearchpress.com/action/showLinks?pmid=11471495

