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Effect of edta-anticoagulated whole blood storage
on cell morphology examination. A need for
standardization
Sir, With the development of sophisticated automated
blood cell analyzers, the proportion of blood samples
that require a blood smear examination has steadily
decreased. Microscopic examination of stained blood
smear, however, still remains a crucial diagnostic aid if
an automated instrument produces a highly improbable
or doubtful result or abnormal cell flags and it is, in
general, performed from anticoagulated whole blood
according to standardized procedures [1]. In a parallel
way, the increasing automation of modern clinical labo-

ratories has led to the centralization of high-volume
clinical testing into large centers, covering large geographical areas. In these conditions, long distance transportation of the collected blood samples has
dramatically increased the time of blood storage before
analysis and/or the preparation of stained smears for
blood cell morphology (BCM) examination. It is well
known that, within 30 minutes of collection, morphological changes of blood cells begin, and that they
increase with the time and conditions of blood storage
[2,3]. Accordingly, in some circumstances, transfer
process of collected blood samples to a centralized
laboratory may become unsuitable for BCM examination and therefore for clinical diagnosis [4]. Although

Figure 1. Most relevant
morphological changes observed
for blood cell leukocytes after
incubation at 20 °C.
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Table 1. List of changes in blood cell morphology observed in MGG stained smears after incubation at 4° and 20° C
during 4h, 12h, and 24h
4 °C
Blood Cell

Changes

Neutrophils

Abnormal chromatin homogenity/clumping
Excessive separation of nuclear lobes
Cytoplasmic fragmentation
Degranulation or Pelguer-Huet forms
Cytoplasmic vacuolization/hipergranulation
Abnormal chromatin homogenity
Irregular nuclear lobulation/multilobulation
Cytoplasmic margin definition
Cytoplasmic fragmentation (smudge cells)
Cytoplasmic vacuolization
Abnormal chromatin homogenity
Nuclear lobulation/budding
Reactive lymphocytes
Cytoplasmic margin definition
Cytoplasmic fragmentation (smudge cells)
Cytoplasmic vacuolization
Degranulation
Cytoplasmic margin definition
Cytoplasmic fragmentation (smudge cells)
Cytoplasmic vacuolization
Degranulation
Cytoplasmic margin definition
Cytoplasmic vacuolization
Large platelets
Platelet clumps
Degranulation
Echinocytic forms
Spherocytic forms
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Lymphocytes

Eosinophils
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+: Morphological changes reported by less than 50% of the experts.
++ Morphological changes reported by more than 50% of the experts.

some instrument’s algorithms are, in general, capable of
detecting blood CBC changes induced by blood storage,
morphological changes are always undetectable, and if
no careful control of blood transportation storage exists,
blood cell deterioration may be the cause of unreliable
results, inaccurate diagnosis, and patient’s risk. For this
reason, as for coagulation tests, clear pre-analytical conditions have to be urgently defined to maintain reliable
high-quality results of microscopic BCM examination
after specimen collection and transfer.

Here, an international panel of 14 experts in laboratory hematology has undertaken a controlled experimental study of blood incubation at different times (4 h,
12 h, 24 h.) and temperature (4 and 20 °C) to analyze
the effect of whole blood storage on stained blood smear
BCM examination. A total of 490 MGG stained blood
smears from five healthy adult volunteers were prepared
and distributed into sets of 35 units, one for each of the
experts participating in the study. Venous blood samples
were collected in K2EDTA tubes as routinely used by

Figure 2. Percentage of changes observed from value on time 0. Each bar represents the 95% confidence interval.
The dotted line represents the linear regression trend line. These graphics show the increase or decrease of
different cell types in a manual count, taking two experimental conditions at 4 and 20 °C.
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clinical laboratories and filled to the correct volume in all
cases. After saving a 1-ml aliquot for immediate blood
smear preparation (Time 0), the remaining blood was
divided into six aliquots of 1 ml each. Three of these
aliquots were kept at 4  1 °C (refrigerator), and the
other three were incubated at 20  1 °C (incubator).
After 4, 12, and 24 h, a blood smear was performed and
stained for all the six aliquots. Each expert reported BCM
for leukocytes, platelets, and red blood cells and performed a 200-cell differential leukocyte count (DLC) of 6
leukocyte populations (segmented neutrophils, nonsegmented neutrophils, monocytes lymphocytes, eosinophils, and basophils).
The most relevant morphological changes observed for
blood cell leukocytes after incubation are represented in
Figure 1. Some of these changes mimic those observed in
myelodysplastic syndromes (MDS), and if the observer is
not aware about blood storage, this may be a cause of
misdiagnosis. This is the case for Pelger-Huet-like figures
(arrow) or loss of cytoplasmic margin definition (arrow).
Although only MGG stain was used for this study, these
changes in morphology over time will also be seen when
using other stains, including Wright’s stain. The results
of BCM evaluation are summarized in Table 1. Many of
these changes appeared after 4 hours of incubation at
both 4 or 20 °C, and those reported by less than 50% of
the experts are given as (+), and those reported by more
than 50% of experts as (++). The most relevant changes
were cytoplasmic fragmentation, degranulation, and/or
Pelger-Huet forms for neutrophils, vacuolization for
monocytes, and echinocytes for red blood cells. Platelet
morphological changes were less evident, but characterized by an increase in size. Lymphocytes exhibited very
few changes even after 24 of incubation at 20 °C.
The results of variations in the values (in percentage)
of the leukocyte populations observed in percentage of
changes observed from value on time 0 of the blood
samples incubated 4, 12, and 24 hours (at 4 and 20 °C)
are graphically represented in Figure 2. Accordingly, the
most relevant observation was a significant decrease in
segmented neutrophils that was always associated with
an increase in nonsegmented neutrophils (band forms),
some of them with additional changes such as a rounding of the nucleus forming homogeneous round masses
or a single mass, here called ‘unclassified cells’. Our
study demonstrates that whole blood storage causes
important changes of BCM sensitive to time of storage
and to temperature. As a general hematological study,
modern clinical laboratories include the complete blood
cell count (CBC) determination as well as the automated differential leukocyte count (DLC). All these
parameters are, in almost all laboratories, determined
on EDTA-anticoagulated whole blood, shortly after
blood collection, and the results are known to be

affected by a variety of factors, including sampling technique, storage, pre-analytical handling and analytical
conditions. Nevertheless, examination of BCM using
stained blood smears still remains a crucial diagnostic
aid if an automated instrument produces a highly
improbable, a doubtful result or abnormal cell flags.
Because centralization of clinical laboratories has dramatically increased during the last 10 years, a very high
number of blood samples are daily transferred to long
distances for performing the measurements, including
blood smear BCM examination and DLC when necessary. For this reason, reliable specimen collection and
transfer between laboratories are a key element for
high-quality BCM results.
Standardization of blood specimen collection, storage,
and transmission to the laboratory for hematological tests
was published by the ICSH in 2002 [5]. Here, it is recommended that because morphological changes of cells in
anticoagulated blood samples begin within 30 min of collection, the tests should be set up within a maximum of
4 h, if the blood is left at room temperature (18–25 °C),
and within 6 h if the specimen is kept at 4 °C. Here, we
provide further support to these recommendations by an
experimental evidence study of the effects of blood storage on BCM and is a strong argument for setting-up the
limits required for blood specimen’s transportation. So,
we can conclude that if EDTA-anticoagulated whole
blood has to be used for performing blood smears, the
quality of BCM cannot be guaranteed after 6 h of blood
drawing even if specimens are kept at 4 °C.

Acknowledgements
This study has been performed in collaboration with the
European Organization for External Quality Assurance
Providers in Laboratory Medicine (EQALM). We are
indebted to AssumptaPujades and Daniel Matamala for
their helpful contribution to technical tasks and statistical
evaluation of data, respectively.

Joan-Lluis Vives-Corrons1, Carol Briggs2, Ramon Simon-Lopez3,
Stephanie Albarede4, Barbara de la Salle5, Zlata FlegarMeatrii6, Aida Nazor6, Anne Guyard7, Thomas Lipsic8, Yukata
Nagai9, Mariana Patiu10, Josep Piqueras11, MariaJesus Capel11,
Marjan Van Blerk12, Jianbiao Wang13, Christophe Marzac14
1

Red Cell Pathology Unit, Hospital Clinic, University of
Barcelona, Barcelona, Spain
2

Department of Haematology Evaluation, University College
London Hospital, London, UK
3
Beckman Coulter Eurocenter, Nyon, Switzerland
4
CTCB, 33 route de Bayonne, 31300, Toulouse, France
5
General Haematology, UKNEQAS, Watford,UK

© 2013 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem.

LETTER TO THE EDITOR

6

Institute of Clinical Chemistry, University Hospital Merkur,
Zagreb,Croatia
7
Ansm (National agency of medicine and health product
safety), Saint-Denis, France
8
St. Elisabeth Oncology Institute, Bratislava,Slovakia
9
Faculty of Sports and Health Science, Daito Bunka University,
Tokyo, Japan
10
OncologyInstitute, Cluj Napoca, Romania
11
LaboratorisClınics, Hospital de la Valld’Hebron, Barcelona,
Spain

References
1. VivesCorrons JL, Albarede S, Flandrin G,
Heller S, Horvath K, Houwen B, Nordin G,
Sarkani E, Skitek M, Van Blerk M, Claude
Libeer JC. Guidelines for blood smear preparation and staining procedure for setting
up an external quality assessment scheme
for blood smear interpretation. Part I: control material. ClinChem Lab Med 2004;42:
922–6.

© 2013 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem.

5

12

Department of Clinical Biology, Institute of Public Health,
Brussels, Belgium
13
Department of Medical Laboratory, Ruijin Hospital
ShanghaiJiaotong, University School of Medicine, Shanghai,
China
14
H^opital Saint-Antoine, Paris, France

E-mail: jlvives@clinic.ub.es
doi: 10.1111/ijlh.12170

2. Kennedy JB, Machara KT, Baker AM. Cell
and platelet stability in disodium and tripotassium EDTA. Am J Med Technol. 1981;47:89.
3. NCCLS. Procedures for the Collection of
Diagnostic Blood Specimens by Skin Puncture, 3rd edn. Approved Standard. NCCLS
document H4-A3 (ISBN 56238-111-9) 1991.
NCCLS, 940 West Valley Road, Suite 1400,
Wayne, Pennsylvania 19087.
4. Bates I, VivesCorrons JL. Quality Control. In
Dacie and Lewis Practical Haematology, 11th

edn. Bain J, Bates I, Laffan M, Lewis SM (eds).
Churchill
Livingstone:
Elsevier;
2012:
587–602.
5. Tatsumi N, Miwa S, Lewis SM; International Society of Haematology and the
International Council for Standardization in
Haematology. Specimen collection, storage,
and transmission to the laboratory for
hematological tests. Int J Hematol 2002;75:
261–8.

