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Abstract

Background: In clinical routine, it can happen that to an abnormal hemogram corresponds an unexpected cytological
normal bone marrow examination that can be difficult to interpret and to manage.

Aim: This cytologically retrospective study wants to evaluate a consistent number of qualitative and quantitative
normal bone marrow exams according to the hematological and clinical-pathological data to judge if this normality is
by itself a pathologic state.

Methods: Six hundred and thirteen bone marrow samples were examined. The bone marrow cytological examinations
were performed using morphological and numerical criteria together with a complete hemogram, after the identification
of clinical or hematological alterations such as multiple lymph nodes enlarged, positive leishmania serological result,
staging of neoplasia, cytopenia, increased number of cells, or suspicion of malignant blood disorders.

Results: Of the 613 bone marrow samples evaluated, 85 (14%) were classified as normal or without cytological
abnormalities; however, only 28 (33%) of those cases had a normal hemogram associated, whereas 55 (65%) had one
or more cytopenia and 2 (2%) had increased blood cells count.

Conclusion: From this study emerges that cytological bone marrow examinations without any morphological or
numerical abnormalities are often associated with altered hematological exams and for this reason, they should not be

considered normal and should lead to other deepened investigations.
Keywords: Canine, Bone marrow, Cytological examination, Hemogram data.

Introduction

Blood and bone marrow cytological examination
represents the unique tool to explore the hematopoietic
tissue that can be altered by several intrinsic and
extrinsic conditions. As a rule, a significant hemogram
alteration, like for example non-regenerative anemia,
persistent neutropenia or thrombocytopenia, abnormal
blood cell morphology, unexplained elevations in
blood cell numbers or presence of immature cells in
peripheral blood leads to a bone marrow cytological
plus or menus histological examination, depending on
the case. Very often the bone marrow appears modified,
and, for example, it can be stimulated in response to
the peripheral cytopenia, or it can appear depressed
if it has been damaged by infectious agents or toxin
or it can be altered by a neoplastic transformation
of the hematopoietic cells. Anyway, to an abnormal
hemogram usually corresponds an altered bone marrow
that can help to understand the underlying disease or
sometimes lead to a definitive diagnosis (malignant
hemopathies or leishmania infection, for example).

However, it can happen that to an abnormal hemogram
corresponds an unexpected cytological normal bone
marrow examination that can be difficult to interpret
and to manage.

Other important indications of bone marrow
cytological examination, that are not always related
to hemogram alterations and that can be associated
to normal cytology-histology are hypercalcemia,
hyperproteinemia, fever of unexplained origin, staging
for malignancies, and monitoring of chemotherapy
administration (Harvey, 2012; Raskin and Messick,
2012; Turinelli et al., 2015). However, in those cases, a
normal bone marrow cytology or histology should not
pose real interpretative problems.

So far, few retrospective studies of bone marrow
examination have been published and only one study
provided bone marrow differential cell counting for
different diseases (Weiss, 2006; Turinelli ez al., 2015).
The aim of this study was to provide a general overview
regarding the prevalence of canine normal bone marrow
cytological exam in correlation with the hemogram
and clinical-pathological data and to investigate if this
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normality can be inappropriate and can be considered
by itself a pathologic state.

Materials and Methods

Canine bone marrow samples examined over a 5-year
period were retrospectively reviewed. Six hundred
and thirteen bone marrow aspirate samples were
classified using cytological and numerical criteria.
The bone marrow cytological examinations were
performed after the identification of clinical and/or
hematological alterations such as multiple lymph nodes
enlarged, positive leishmania serological test, staging
of neoplasia, cytopenia, increased number of cells, or
suspicion of malignant blood disorders. A complete
blood count (CBC) including blood film examination
performed within 24 hours of bone marrow collection
was carried out for all patients. The instrumental CBC
data were obtained with the hematology analyzer
Advia 120 Hematology System®, Siemens (Germany).
Anemia, thrombocytopenia, and neutropenia were
diagnosed when the hemoglobin concentration
was less than 13.4 g/dl, platelets less than 143,000/
pl, and neutrophils less than 2,940/ul, respectively.
Erythrocytosis, thrombocytosis, and leukocytosis were
diagnosed when the total erythrocyte count was greater
than 8,700,000/ul, platelet count greater than 448,000/
pl and leukocyte count greater than 17,600/ul (with
lymphocytosis considered when the total lymphocytes
exceeded 4,950/ul), respectively. Less than 10%
of cases had concurrent bone marrow core biopsy
collected. Bone marrow sampling was performed from
various sites including proximal humerus, iliac crest, or
trochanteric fossa of the proximal femur, cost-chondral
junction of the 7th, 8th, and 9th ribs and the 3rd, 4th, 5th
sternebra. Bone marrow aspirate smears were prepared
through a squash technique, immediately after sample
collection of live animals. Aspirates were stained with
May Griinwald Giemsa.

All the bone marrow samples were reviewed by a
single-boarded clinical pathologist using a standardized
method. The first step of the analysis was assessment
of sample quality. Only samples with at least 8-10
unit particles (even if these particles were on multiple
different slides) were included in the study (Fig. 1).
All samples of inadequate quality (i.e. poor cellularity
or crushed or formalin-fixed samples) were excluded
from the study. The cellularity of bone marrow
samples was estimated by examining the proportion
of cells versus fat presence in particles using a 200%
magnification. Normal cellularity varies between 75%
and 25% cells (young and old animals, respectively) of
the unit particles (Harvey, 2012; Raskin and Messick,
2012; Turinelli et al., 2015). A differential cell count
was performed by evaluating 500 nucleated cells in
a monolayer within the preparations using a 1,000%
magnification. For the erythroid lineage, the cells were
separated into rubriblasts, prorubricytes, rubricytes, and
metarubricytes. For the myeloid-granulocytic lineage

the cells were separated into myeloblasts together
with promyelocytes, neutrophil myelocytes, neutrophil
metamyelocytes, band/segmented neutrophils,
total eosinophilic cells, and total basophilic cells.
Lymphocytes, plasma cells, monocytes, macrophages,
and blasts of lymphoid and uncertain lineage were
counted separately. Megakaryocytes and their
precursors were not included in the differential cell
count.

The megakaryocytic lineage was evaluated at low
magnification using a 100x magnification and counting
the number of megakaryocytes per particle. The degree
of maturation and morphology were also assessed (Fig.
2). The myeloid-to-erythroid ratio (M:E) was calculated
as previously described (Harvey, 2001, 2012; Grindem
et al., 2002; Turinelli et al., 2015).

Bone marrow was considered unremarkable when
any morphological and maturation abnormalities were
found, and when the cellularity was within normal
limits compared to literature and laboratory-established
reference limits. The number of megakaryocytes per
unit particles was 3-7, the M:E was 0.41-2.14, the
rubriblasts plus prorubricytes were less than 8% of all
nucleated cells and myeloblasts plus promyelocytes
were less than 4% of all nucleated cells (Fig. 3). Total
lymphocytes counts did not exceed the 6% of total
nucleated cells, whereas plasma cells, monocytic
phagocytes, and undifferentiated blasts were less than
1% (Turinelli et al., 2015).

The cut off used for lymphoma bone marrow metastasis
was 3% (Marconato et al., 2013).

Ethical approval

Not needed for this study as it is a retrospective study.

Results

This study included 613 dogs, of which 331 (54%)
were male and 282 (46%) were female. The medium
age was § years.

Of the 613 bone marrow samples cytologically
examined, a relevant proportion, 85 cases (14%),
were considered normal based on morphological and
numerical results (Turinelli ez al., 2015).

For those cases, the main indications that lead to the
cytological bone marrow exam are listed in Table 1.
The most representative indications were hematological
disorders that was subdivided in several subgroups
corresponding to the principal blood alteration. Anemia
was the most important hematological disorder and
could be associated with others cytopenia. Neoplastic
diseases, already diagnosed or suspected, represented
the second most important indications, and inside of
this broad group, lymphoma represented the majority of
the cases. Infective diseases were also well represented
with a majority of Leishmania Infantum infection
(diagnosed or suspected). Six cases were submitted for
a bone marrow cytological examination without any
indications and without any hematological alteration.
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Fig. 1. Bone Marrow Particle consisting of all the lineage precursors and mature cells.

May Grunwald Giemsa x40 objective.

Fig. 2. Promegakariocyte (arrow) and several erythroid and myeloid precursors. May
Grunwald Giemsa x40 objective.

All the normal bone marrow samples were analyzed
together with a CBC. The results of the hemogram
were listed in Table 2. Anemia, alone or associated
with other cytopenia, was the most important
hematological alteration. However, a normal CBC was
found in a significant proportion of cases, more often
in the lymphoma and unknown indication subgroups
(Table 3).

Discussion

The hematopoietic system function can be assessed
only by the simultaneous examinations of the blood and
bone marrow. The data coming from those quantitative
and qualitative exams should be interpreted all
together. A normally functioning hematopoietic tissue
is characterized by a normal CBC associated to a
bone marrow without any numerical or morphological
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Fig. 3. Promyelocyte (white arrow) and several rubricytes (black arrow). May

Grunwald Giemsa %40 objective.

abnormalities (Harvey, 2012; Turinelli et al., 2015).
However, it is important to outline that the bone
marrow is a very dynamic tissue that can change quite
rapidly, depending on the stimulus to which is exposed
and to the alteration in its microenvironment. The bone
marrow changes are related to the blood ones, but
they can move up or follow the CBC alteration with
a certain degree of time (Harvey, 2012; Raskin and
Messick, 2012; Turinelli ef al., 2015). Both tissues are
under the control of a plethora of cytokines that have
effect on different cell lineages at different stages and
that can be related to precise clinical state, like for
example erythropoietin that is secreted by renal cells
under hypoxic condition.

Bone marrow cytological exams is often a second
step exam that is requested only after the evidence
of a hematological alteration, such as a cytopenia or
particular clinical symptoms, like multiple enlarged
lymph nodes, or after a suspicion of an infective or
neoplastic disease that is known to have a particular
tropism for the bone marrow tissue, like, for example,
Leishmania Infantum protozoa (Harvey, 2012; Turinelli
etal., 2015).

In this retrospective study of 613 myelograms, we found
85 (14%) normal bone marrow cytological exams that
were performed because of several reasons. A previous
study (Weiss, 2006) reported a higher percentage of
21.8%. The most important indication was an already
underlined hematological alteration (50.6% of the
total cases), followed by a suspicion of bone marrow
neoplastic infiltration (30.6% of the total cases). Only
11.8% of the bone marrows were performed because of
a suspicion of infective disease, more often Leishmania

Infantum, followed by Ehrlichia Canis. A small
proportion (7%) of bone marrow cytological exams had
an unknown indication and clinical history.

For all the bone marrow exams a new CBC was
performed, no matter if there was already a hemogram
done.

Of the 85 normal bone marrow samples, only 28
(32.9%) were associated to a normal CBC and could be
considered, with a high grade of certainty, representative
of a good functioning hematopoietic tissue. The other
normal cytological bone marrow exams (67.1%) were
associated to several hematological abnormalities,
which the mostimportant one was anemiaalone (25.9%),
or associated to other cytopenia, like for example,
thrombocytopenia (11.8%). Only few cases (4.6%)
had a pancytopenia. A bone marrow cytological exam
without any morphological or numerical abnormalities
but associated to one or more peripheral cytopenia
should not be considered truly normal; the cytopenia
should be considered, at least partially, of central origin,
more often if there is bicytopenia or pancytopenia. A
well-functioning bone marrow tissue should respond
to a peripheral hypoxia following an anemia and the
releasing of erythropoietin principally by the kidney, as
well as the releasing of other cytokine that are produced
in response to a particular cytopenia like, for example,
thrombopoietin or granulocytic stimulating factor. If
this do not happen, a bone marrow listlessness or a
cytokine deficiency or inadequate production should
be suspected. In these cases, a dosage of the relevant
cytokine and a second myelogram, associated to a core
biopsy for a simultaneous histological exam, should be
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Table 1. Cytological bone marrow examination’s indications.

INDICATIONS NI% NI%
Anemia 13/30.2
Leukopenia 8/18.6
Anemia + thrombocytopenia 7/16.3
Thrombocytopenia 4/9.3
. . Leukocytosis 3/7

Hematological disorders 43/50.6 . .
Anemia + leucopenia 3/7
Anemia + leukocytosis 2/4.6
Pancytopenia 2/4.6
Erythrocytosis 1/2.3
Total 43/100
Lymphoma 12/46.15
Suspicion lymphoma 7/26.92
Mast cell tumor 2/7.69

Neoplastic diseases 26/30.6 Histiocytic Sarcoma 2/7.69
Suspicion multiple myeloma 2/7.69
Plasmocytoma 1/3.85
Total 26/100
Suspicion Leishmaniosis 5/50
Ehrlichia Canis 2/20

Infective diseases 10/11.8 Leishmania Infantum Lo
Suspicion Ehrlichiosis 1/10
Anaplasma Phagocytophilum 1/10
Total 10/100

Unknown 6/7

TOT 85/100

Table 2. Hemogram data. In the altered hemogram group few cases of increased

number of cells were found: 5 (5.9%) were characterized

LI A % by an association of anemia and neutrophilic

Normal 28 32.9 leukocytosis, 1 (1.2%) was an erythrocytosis and 1
Anema 22 25.9 (1.2%) a lymphocytosis. The number of neutrophils
. . within the blood of dogs depends on several factors,
Anemia + thrombocytopenia 10 1.8 including rate of release from the bone marrow, shifting
Leukopenia 8 9.4 of neutrophils between the marginal pool and the
Pancytopenia 5 5.9 circulating pool in the blood and the emigration rate
Anemia + leukocytosis 5 59 of neutrophils from blood into tissue. For this reason,
) ) it is possible that a neutrophilia could be associated to
Anemia + leukopenia 3 3.5 a normal myelogram (Shultze, 2000). Moreover, in the
Thrombocytopenia 2 2.3 dog, the marrow neutrophils reserve is very important
Erythrocytosis 1 12 anq contains approximately a 5-day supply of cells.
Lvmphooviosi 1 12 This means that in those cases a recent stimulus could
ympROCYLosts : have called back the marrow storage neutrophils in
Total 85 100 the peripheral blood without evidence of a myeloid-
granulocytic stimulation (Graham, 2000). Probably a

performed in the next days, because, probably, some second bone marrow exam performed some days after,
hypoplastic condition will appear. could have been altered and a myeloid hyperplasia

could have been found.
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Table 3. Hemogram data of the principal bone marrow disorders/indications.

DISORDER CBC n/%
Normal 12/63.1
Anemia 5/26.3
Lymphoma Anemia e thrombocytopenia 1/5.3
Pancytopenia 1/5.3
TOTAL 19/100
Normal 3/50
. o . . Anemia e thrombocytopenia 2/33.3
Leishmania infantum infection
Anemia 1/16.7
TOTAL 6/100
Anemia 2/66.7
Ehrlichia canis infection Pancytopenia 1/33.3
TOTAL 3/100
Anemia e leukocytosis 1/50
Multiple myeloma Normal 1/50
TOTAL 2/100
Anemia e leukocytosis 1/50
Histiocytic sarcoma Normal 1/50
TOTAL 2/100
Mast cell tumor Normal 2/100
TOTAL 2/100
. Normal 6/100
TOTAL 6/100

The erythrocytosis associated to a normal myelogram
could be an artefact or the consequence of splenic
contraction (Watson, 2000) whereas the lymphocytosis
could not be related to a bone marrow alteration
because lymphocytes can come from other sites. They
in fact are unique among leukocytes in their ability to
recirculate (Shultze, 2000).

The staging or the suspicion of lymphoma bone
marrow metastasis represented the second most
important indication for the bone marrow cytological
exam (19 cases, 22.3% of all the cases and 46.1% of the
neoplastic diseases). The majority of them has a normal
CBC (63.1%). This finding is completely in agreement
with the literature because it is already well known
that stage V lymphoma, which is classically defined
as involvement of the blood, bone marrow, and/or
extranodal sites, is not as frequently identified as other
stages of lymphoma when routine diagnostic tests are
applied (Graff et al., 2014). Moreover, the incidence of
lymphoma bone marrow metastasis seems to be low as
it is demonstrated by two important retrospective study
on bone marrow disorders, that show only 2.4% and
4% of incidences, respectively (Turinelli et al., 2015;
Weiss, 20006). Inside the neoplastic disease indications,
already diagnosed histiocytic sarcoma and suspected

multiple myeloma were poorly represented (2.3% each
one) and both were associated to a normal CBC (50%)
or to and altered hemogram consisting of anemia plus
leukocytosis (50%). This is in line with the literature
because it is already known that both histiocytic
sarcoma and multiple myeloma are characterized by
bone marrow neoplastic cells infiltration/proliferation
even if sometimes the neoplastic cells could be
heterogeneously disseminated over the bone marrow
sites; for this reason, it is suggested to sample multiple
sites (Vail, 2000, 2013; Moore et al., 2006; Moore,
2017) or to perform core biopsy. This could explain the
normal myelogram in those few cases found, otherwise,
it is possible that the histiocytic sarcoma did not have
already infiltrated the bone marrow and the multiple
myeloma was not the reason of the clinical illness. Two
cases of mast cell tumor (MCT) staging were included
in the group and both have a normal CBC. This finding
is in agreement with the literature, in fact, it has been
already reported that buffy coat smears are not useful
for the diagnosis or staging of canine MCTs and higher
numbers of mast cells can be seen on the buffy coat
smears of dogs with non-MCT diseases compared
to dogs with MCT (Kiuppel, 2017). Moreover, the
incidence of bone marrow MCT metastasis seems to
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be very rare with an incidence of 2.8% of cases in a
previous study evaluating a series of 157 dogs presented
for MCT in which a CBC and a myelogram were
performed (Poggiani et al., 2013). Indeed, although
systemic mastocytosis has been reported in dogs, this
is a rare condition, and the vast majority of dogs with
cutaneous MCTs do not have circulating mast cells
or evidence of bone marrow infiltration (Dobson and
Scase, 2007).

Suspected or diagnosed infective diseases were the
third most important indication for the myelogram.
Inside this group leishmaniosis was the principal
represented infection (5 cases suspected and 1 already
diagnosed through serological exam; 7% of the
total exams). Normal CBC was detected in half of
cases (50%) whereas anemia, alone or associated to
thrombocytopenia, was found in the other 50%. Bone
marrow cytology of canine leishmaniosis is often
characterized by erythroid hypoplasia, myeloid, plasma
cells, and macrophages hyperplasia. Amastigotes can
be found inside the cytoplasm of the macrophages
or spared in the background but if they are few they
cannot be found or, maybe, difficult to see. The most
important CBC alteration is the presence of non-
regenerative anemia (Paltrinieri et al., 2016). In this
study, any bone marrow alterations were found, neither
in the diagnosed case, nor in the suspected ones, maybe
because the number of parasites was low or maybe
because the dogs were not infected at all. A polymerase
chain reaction test, PCR, on bone marrow samples, was
suggested in all the cases.

Two diagnosed and one suspected ehrlichiosis were
included in this study (3.5%). All the cases presented
an altered CBC, characterized by anemia alone or
pancytopenia that is in line with the literature (Harrus
and Waner, 2011). The normal myelogram could be
explained because of an early stage of the disease in
which the bone marrow is not already compromised,
even if mild cytopenia are detected in the blood. With
the progression of the disease the bone marrow is
almost always affected, and the pancytopenia become
more severe. This is the hallmark of the chronic and
severe form (Harrus and Waner, 2011). Serial CBC and
a second cytological bone marrow exam, together with
a core biopsy for histological control were strongly
recommended, for all the cases.

Finally, only six normal myelograms (7%) were
performed without any clinical or hematological
indication; all those bone marrows were associated to a
normal CBC. Those findings suggested that, probably,
the clinical problem/suspicion did not involve the
hematopoietic tissue.

In conclusion, this study showed that a normal
myelogram, if not associated to a normal CBC, rarely
indicates a well-functioning hematopoietic system. If
the hemogram is altered a normal myelogram should be
considered as not representative of a well-functioning

bone marrow tissue and the cause could be intrinsic or
extrinsic (deficit of stimulating factors, alteration in the
bone marrow cells receptors, stroma, etc.) and should
lead to a delayed second investigation because bone
marrow and blood are dynamic tissues that can change
rapidly and not simultaneously. When possible, a core
biopsy should be associated in order to better asses the
cellularity and eventually the neoplastic infiltration.
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