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Cells that give rise to morphotic components of 
peripheral blood are produced in a complex process 
of hematopoiesis (13). The stages of hematopoiesis 
are identical in fallow deer and other animals, includ-
ing ruminants. During this process, colony-forming 
progenitor cells (CFU) develop from pluripotent 
stem cells. The erythroblast cell line is composed of 
basophilic, neutrophilic and acidophilic erythroblasts. 
Reticulocytes containing residual RNA are the next 
stage of cell maturation. Granulocytes and monocytes 
derive from the same colony forming unit (CFU-GM) 
which gives rise to granulocyte colonies (CFU-G) 
which develop to neutrophils and macrophage colo-
nies (CFU-M) (12). Eosinophils derive from CFU-Eos 
progenitor cells, and basophils develop from CFU- 
-Baso cells (22). Bone marrow analyses are very rarely 
conducted in free-living ruminants. The analyses that 

need to be carried out in order to qualify an animal for 
bone marrow collection are biochemical tests that rule 
out hematopoiesis occurring outside the bone marrow. 
In fallow deer and other animal species, we can dis-
tinguish yellow marrow, which is located primarily 
in long bones and consists mostly of fat cells, and red 
marrow (hematopoietic), located in cancellous bones 
(cranial bones, sternum, clavicle, ribs, vertebrae and 
pelvis).

The aim of this study was cytological evaluation of 
bone marrow smears of nonpregnant female fallow 
deer (Dama dama) from Pilsko-Lithuanian line kept 
in captivity. Animals derived from this line are slightly 
smaller than animals from Hungarian and Slovak lines 
but they have greater resistance to disease. The animals 
were kept on pastures all year where livestock density 
was 10 heads per hectare. In the spring, the summer, 
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Summary

Proper processes of hematopoiesis have a major impact on the results of blood morphological analyses 
in healthy animals. The aim of this study was to evaluate bone marrow smears of female fallow deer kept 
in captivity and comparing them to morphological analysis of peripheral blood. To achieve the aim of this 
study bone marrow was collected from 10 nonpregnant, 2-year-old female fallow deer. Smears stained by the  
May-Grünwald Giemsa method were analyzed. Bone marrow samples were collected using a biopsy needle from 
the 3rd-4th rib in the sternal region into test tubes without coagulant. Whole blood for hematological analysis 
was sampled from the external jugular vein into 2 ml test tubes containing K2EDTA. The results of the research 
indicate significant morphological differences of white blood cells line and red blood cells line of fallow deer 
in comparison to other ruminants. Proerythroblasts of fallow deer appear to have a higher number of nuclei 
that stain more clearly in the MGG method. In red the blood cells line a high percentage of polychromatic 
erythroblasts (17.2%) and basophilic erythroblasts (8.19%) was noted. In granulocyte line only 0.97% of 
myeloblasts was observed in bone marrow smears. The percentage of segmented and band granulocytes was 
determined at 6.86% and 2.27% consequently. In the lymphoblastic line of fallow deer a low percentage of 
plazmocytes was observed (1.16%). In the platelets line the percentage of megakaryoblasts (5.85%) was lower 
than megakaryocytes (7.9%). This report is the first study concerning hematopoiesis in female fallow deer.
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and the early autumn forage consists mainly of good 
quality grass and hay and salt licks. In the winter and 
the autumn the animals were fed hay and haylage ad 
libitum. Sheds protecting animals from wind and rain 
were located on the pastures. Bone marrow evalua-
tions in this species have never been documented in 
the literature worldwide. Due to that fact this experi-
ment was undertaken to fill the knowledge gap. It is 
worth emphasizing that this is the first ever study to 
analyze the bone marrow of female fallow deer kept 
in captivity in Poland.

Material and methods
All experimental procedures followed the principles of 

animal care and were approved by the Local Ethics Com-
mission for Animal Experiments (61/2011).

Bone marrow smears from 10 nonpregnant female fallow 
deer were stained according to the May-Grünwald Giemsa 
(MGG) method. Bone marrow samples of approximately 
1 ml were collected with a 63 mm, 13G biopsy needle from 
the 3rd-4th rib in the sternal region. The biopsy site was 
prepared in accordance with standard surgical procedures. 
Bone marrow was collected into 1 ml test tubes without 
anticoagulant. Due to rapid clotting of the analyzed mate-
rial, smears were performed immediately after collection 
on labeled slides. Whole blood for hematological analysis 
was sampled from the external jugular vein into 2 ml test 
tubes containing K2EDTA.

Bone marrow and peripheral blood smears were stained 
according to the MGG method. Staining time was 80 sec-
onds for the May-Grünwald solution and 5 minutes for the 
Giemsa solution. Staining time for peripheral blood smears 
was 3 minutes and 12 minutes, respectively. The Giemsa 
stain was diluted 1 : 10 with a phosphate buffer with pH 7.2. 
The morphological parameters of peripheral blood were 

determined in the ADVIA 2120i hematology analyzer. The 
following hematological parameters were determined: white 
blood cell (WBC) counts, hemoglobin (Hb) concentration, 
red blood cell (RBC) counts, hematocrit (HCT) levels, 
platelet (PLT) counts, mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH), mean corpuscular 
hemoglobin concentration (MCHC), red blood cell distribu-
tion width (RDW) and mean platelet volume (MPV). Bone 
marrow cells were counted in the SH-96/24D cell counter. 
1000 cells were counted on bone marrow stained smears. 
Peripheral blood smears were performed to rule out any 
red blood cells and white blood cells pathologies. Fallow 
deer were captured with nets and sedated with 1.5 mg/kg 
xylazine hydrochloride (Rompun Bayer, Leverkusen, Ger-
many) and 2.2 mg/kg zolazepam and tiletamine (Zoletil, 
Virbac, France).

Results and discussion
The results for each cell line are presented in tabular 

form. Smears of peripheral blood made with K2EDTA 
were also analyzed in this study.

The percentage distribution of granulocytes in all 
stages of maturation in each of the animals is presented 
in Tab. 1. Myeloblasts are the first morphologically 
distinct granulocytes. Myeloblasts are round, and they 
have clearly stained, densely packed, dark blue nuclei. 
The percentages of granulocytes representing succes-
sive stages of maturation – promyelocytes, metamy-
elocytes, myelocytes and band cells – were relatively 
low. The percentage of segmented granulocytes was 
determined at 6.86%, and those cells were the largest 
group in the granulocytic cell line.

The percentage distribution of erythroblasts in the 
bone marrow of fallow deer is presented in Tab. 2. 
The first morphologically distinct cell in this line is 

Tab. 1. Percentage distributions of granulocytes in evaluations of bone marrow sampled from deer
No. of 
animal

MBL
%

PML
%

MYE
%

MET
%

BAND
%

SEG
%

EMYE
%

EMET
%

EBAND
%

EOS
%

BMYE
%

BMET
%

BBAND
%

BAS
%

1 0.2 0.3 1.0 2.5 3.1 6.8 0.9 2.0 2 3.1 0 0 0 0.5

2 0.1 0.4 0.8 2.1 2.2 8.7 0.8 1.5 1 3.6 0 0 0.1 1.0

3 0.1 0.4 0.7 2.0 2.3 8.0 0.9 1.5 3 1.8 0.1 0 0.2 1.0

4 0.1 0.6 1.0 1.8 2.4 7.9 1.1 2.0 2 3.2 0 0.2 0.1 0.5

5 0.2 0.5 0.6 1.9 2.6 8.1 1.3 1.5 2 5 0.1 0.1 0.1 0.5

6 0.3 0.9 1.1 2.1 1.4 6.5 0.5 1.0 1 5.7 0 0 0 0.3

7 0.1 0.7 1.1 2.5 2.6 6.8 0.8 1.0 2 3.8 0.1 0.2 0.6 0.5

8 0.4 0.5 1.2 2.4 2.9 7.2 0.3 2.0 3 4.7 0 0.1 0.3 0.4

9 0.2 0.6 1.1 2.3 1.2 4.1 0.4 2.5 1 4.2 0.4 0.9 0.3 1.0

10 0.1 0.3 1.1 1.9 2.0 4.5 0.5 1.3 1 4.1 0.7 0.3 0.3 0.5

SD 0.10 0.19 0.20 0.26 0.61 1.52 0.32 0.49 0.79 1.10 0.23 0.27 0.18 0.27

Mean 0.18 0.52 0.97 2.15 2.27 6.86 0.75 1.63 1.8 3.92 0.14 0.18 0.2 0.6

Explanations: MBL – myeloblast; PML – promyelocyte; MYE – neutrophilic myelocyte; MET – neutrophilic metamyelocyte; 
BAND – band neutrophil; SEG – neutrophilic granulocyte; EMYE – eosinophilic myelocyte; EMET – eosinophilic metamyelocyte; 
EBAND – band eosinophil; EOS – eosinophilic granulocyte; BMYE – basophilic myelocyte; BMET – basophilic metamyelocyte; 
BBAND – band basophile; BAS – basophilic granulocyte
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the proerythroblast with a large and well-stained dark 
blue nucleus surrounded by blue cytoplasm (Fig. 1, 2). 
The nucleus shrinks and the cytoplasm turns reddish 
in successive stages of cell maturation. Polychromatic 
erythroblasts were the largest group of cells that 
accounted for 17.2% of the erythroblastic cell line.

The percentage distribution of monocytes and 
macrophages is shown in Tab. 3. Monocytes were the 
predominant group of cells in the evaluated smears 
(2.48%).

The percentage distribution of the lymphoid cell line 
is presented in Tab. 4. Lymphocytes were the largest 
population of lymphoid cells, accounting for 12.22% 
of the evaluated cell line.

The largest cell group in the thrombocytic line 
(Tab. 5) were the megakaryocytes which accounted 
for 7.9% of the platelet population. Megakaryocytes 

are the largest cells in thrombocyte and lymphoid line. 
Their cytoplasm is fairly pink with small fragments 
shedding at the edges.

The results of morphological evaluations confirmed 
the high percentage of neutrophils and lymphocytes 
in the analyzed samples of peripheral blood, which 
is consistent with the WBC counts in bone marrow 
smears presented in Tab. 6.

The percentage distribution of all the cell lines of 
bone marrow is shown in Tab. 7. All recognized cells 
from all cell lines constitute 98.19% and the remaining 
1.19% represent the unidentified cells.

Laboratory analyses play a very important role in 
evaluating the health of free-living ruminants and their 
populations. According to our best knowledge, this is 
the first ever study documenting the results of bone 
marrow smears of female fallow deer. Barić et al. (2) 

Fig. 1. Proerythroblast in bone marrow smears Fig. 2. Orthochromatic erythroblast in bone marrow smears

Tab. 2. Percentage distributions of erythrocytes in evaluations 
of bone marrow sampled from deer

No. of 
animal

PROERBL
%

BASO ERBL
%

POLY ERBL
%

ORTO ERBL
%

1 5.2  9.5 13.9 16.0

2 4.3  5.9 15.1  8.9

3 6.1  5.8 15.8 10.5

4 4.4  9.1 16.8  9.8

5 4.2  6.4 15.2  8.7

6 6.1  9.3 20.9  9.1

7 7.8  9.4 23.0  7.8

8 5.3  8.1 16.9  8.2

9 4.9  8.3 15.6  8.4

10 5.3 10.1 18.8  6.3

SD 1.09 1.60 2.87 2.59

Mean 5.36 8.19 17.2 9.37

Explanations: PROERBL – proerythroblast; BASO ERBL – baso- 
philic erythroblast; POLY ERBL – polychromatic erythroblast; 
ORTO ERBL – orthochromatic erythroblast

Tab. 3. Percentage distributions of monocyte cells in evalua-
tions of bone marrow sampled from deer

No. of animal MNBL
%

PROMN
%

MON
%

1 0.9 0.3 2.2

2 0.4 0.7 2.5

3 0.3 0.4 2.1

4 1.0 0.3 3.1

5 1.0 0.2 1.8

6 1.0 0.3 2.3

7 0.3 0.1 2.4

8 0.9 0.2 2.8

9 0.6 0.3 2.7

10 1.0 0.1 2.9

SD 0.31 0.17 0.40

Mean 0.74 0.29 2.48

Explanations: MNBL – monoblast; PROMN – promonocyte; 
MON – monocyte
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demonstrated differences in the average values of RBC 
counts, RBC parameters and WBC counts in free-
living ruminants. In the present study, similar results 
were noted in peripheral blood samples collected from 
female fallow deer. Marco and Lavin (10) reported 
a relationship between the method of collecting periph-
eral blood samples and the results of hematological and 
biochemical analyses. They demonstrated significant 
differences in RBC counts, Hb concentrations, the 
counts of segmented neutrophils, lymphocytes and 
monocytes in animals with and without using anes-
thetics. The authors attributed the observed changes 
to the animals’ response to the stress, even short-lived 
stress, during capture. Similar changes in hemogram 
parameters were noted in this study, which suggests 
that leukograms of both red deer and fallow deer are 
rapidly affected by stress that results in an increase in 
number of segmental granulocytes. Janicki et al. (7) 
demonstrated that even short-lived stress influences 
the number of cells in peripheral blood. Ban et al. (1) 
observed in a study conducted on cattle that the nuclei 
of basophilic erythroblasts were shifted to the edge 
of the cytoplasm, whereas in fallow deer, the nucleus 
was positioned in the center of the erythroblast. Rosef 
et al. (15) did not report differences in hematological 
parameters across age groups and their results were 
similar to our findings. The percentage of monocytes, 
lymphocytes and neutrophils noted by English and 
Lepherd (4) in peripheral blood smears was similar to 
that noted in this study. The bone marrow of fallow 
deer was very difficult to evaluate due to the absence of 
publications containing reference data. For this reason, 
our results were compared with the bone marrow 
parameters reported in ruminants. Hoedemaker et al. 
(6) described the role and functions of polymorpho-
nuclear neutrophils and emphasized their complex 

structure in cattle. In the work of Snarska et al. (18), the 
percentage of proerythroblasts (PROERBL) in healthy 
Holstein-Friesian cattle was determined at 2.3% which 
was higher than in fallow deer. In fallow deer, poly-
chromatic erythroblasts (POLYERBL) were the largest 
group that accounted for 17.2% of the erythroblastic 
cell line. In fallow deer and in healthy cattle, neutro-
phil granulocytes with segmented nuclei (SEG) were 
the largest group (6.86%) of the granulocytic cell line. 
According to Snarska et al. (17), the smallest granulo-
cyte groups were basophilic myelocytes (BMYE) and 

Tab. 4. Percentage distributions of lymphoid cells in evalua-
tions of bone marrow sampled from deer

No. of 
animal

LBL
%

PLYM
%

LYM
%

PLBL
%

PLAZ
%

LC
%

1 0.8 2.2 11.3 0.2 0.3 0.1

2 2.2 4.5  9.6 0.3 0.4 0.1

3 2.2 3.3 10.8 0.1 0.8 0.1

4 1.1 3.0 16.8 0.3 0.4  0.03

5 1.2 3.5 11.8 0.5 0.2 0

6 1.1 2.5 14.9 0.4 0.9 0.1

7 2.2 3.2 11.2 0.2 1.1 0.1

8 1.2 3.8 11.1 0.4 3.2 0

9 1.1 4.2 14.3 0.5 1.8 0.1

10 1.1 4.3 10.4 0.2 2.5 0.1

SD 0.55 0.76 2.31 0.14 1.02 0.044

Mean 1.42 3.45 12.22 0.31 1.16 0.073

Explanations: LBL – lymphoblast; PLYM – prolymphocyte; LYM 
– lymphocyte; PLBL – plasmocytoblast; LC – lymphoid cells

Tab. 5. Percentage distributions of platelet producing cells in 
evaluations of bone marrow sampled from deer.

No. of animal MGBL% MEG%

1 7 9

2 5 10

3 8 7

4 7 9

5 6.5 9

6 4 10

7 4 8

8 4 4

9 6 7

10 7 6

SD 1.49 1.91

Mean 5.85 7.9

Explanations: MGBL – megakaryoblast; MEG – megakaryocyte

Tab. 6. Hematologic parameters of peripheral blood
Parameter Mean SD ±

RBC (× 1012/l) 12.4 ± 1.12 10-13.8

HGB (g/l) 191 ± 18.9 154-230

MCH (pg) 15.7 ± 0.63 14.2-16.5

MCV (fl) 45.2 ± 2.49 41-55

MCHC (g/l) 347 ± 14.41 317-366

RDW (%) 20.1 ± 0.94 18.5-21.3

WBC (× 109/l) 13.48 ± 0.9 43-53.8

Neutrophils (× 109/l) 3.6 ± 0.09 (78-87%) 57-94

Lymphocytes (× 109/l) 0.79 ± 0.15 (21-45%) 3-35

Eosinophiles (× 109/l) 0.02 ± 0.03 (0-5%) 0-3

Monocytes (× 109/l) 0.65 ± 0.67 (0-4%) 0-6

Platelets (× 109/l) 254 ± 1044 (2-35%) 32-367

Tab. 7. Percentage distribution of all bone marrow cell lines
Granulocytes 22.17%

Erythrocytes 40.12%

Monocyte cells  3.51%

Lymphoid cells 18.63%

Platelets 13.75%

Unidentified cells  1.81%
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basophilic granulocytes (BAS). Similar results were 
noted in the present study evaluating the bone marrow 
smears of female fallow deer. The study of Burvenich 
et al. (3), who investigated WBC counts and activity, 
demonstrated that bone marrow responds rapidly to 
infection by releasing immature granulocytes – myelo-
cytes and metamyelocytes – into the bloodstream in 
peripheral blood smears during inflammation in cattle. 
Similar observations were made by Heynemann et al. 
(5). Steffen et al. (21) evaluated the bone marrow of 
cattle with genetic disorders and reported abnormal 
counts of bone marrow cells. Studies evaluating bone 
marrow in cattle clearly indicate that granulocytes 
play a highly significant role in inflammations and 
bone marrow responses to hormonal regulation (11), 
which is also manifested in the morphology of manual 
peripheral blood smears. Merris et al. (14) observed 
significant abnormalities in WBC counts during preg-
nancy. Lin and Linzer (9) reported correlations between 
megakaryocyte counts and the activity of thrombo-
poietin and cytokines during pregnancy and shortly 
after parturition. McCrae (12) demonstrated a drop in 
megakaryocyte counts during pregnancy, which was 
associated with a decrease in megakaryocyte counts 
in the bone marrow. Those changes led to a decrease 
in platelet counts in peripheral blood. According to 
Snarska and Sobiech (20) significant differences in 
numbers and percentage of all cell lines in pregnant 
and nonpregnant fallow deer were noticed. Keller et al. 
(8) investigated cattle infected with BVDV and noted 
a significant decrease in myelocyte and metamyelocyte 
counts in the bone marrow, which affected granulocyte 
counts in morphological analyses. Scruggs et al. (16) 
demonstrated that BVD/MD infections decrease the 
populations of erythroblasts in all stages of matura-
tion and provoke a drop in the counts of neutrophilic 
metamyelocytes and acidophilic myelocytes. Similar 
results were reported by Snarska et al. (19).

The cited results and published data suggest that 
hematological parameters can be a robust indicator of 
abnormalities in the bone marrow and in hematopoiesis 
processes already during early stages of cell division 
and maturation. In this study, bone marrow samples 
from healthy animals were evaluated together with 
the morphological parameters of peripheral blood. 
This is the first ever study to analyze bone marrow 
cells in fallow deer and our results could constitute 
a basic frame of reference for future investigations into 
hematopoietic processes in fallow deer and other rumi-
nants. There is a general scarcity of relevant data in the 
literature and further research is needed to explore this 
crucial determinant of health in free-living ruminants.

In conclusion, the cytological evaluation of bone 
marrow smears in addition to the hematological analy-
ses provides a great deal of relevant information on 
the process of hematopoiesis. The articles cited and 
authors’ own research indicate that in the evaluation 

of pathological processes (including inflammation 
process) and physiological ones (pregnancy), changes 
in morphological parameters of blood are reflected 
during the processes of hematopoiesis occurring in 
bone marrow.
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