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Introduction
In veterinary medicine, a complete blood cell count 
(CBC) is a common laboratory test used to assess the 
general health status of an animal. In practice, such labo-
ratory tests can be performed routinely in veterinary 
clinics, as many in-house haematology analysers are 
now available. However, some clinics do not have ade-
quate equipment, or an expert evaluation may be needed 
because the obtained results are erroneous, partial or 
require expertise. Thus, a CBC cannot always be per-
formed within 24 h, as is usually recommended, and a 
delay of up to 48 h can occur when blood specimens 
have to be shipped to a laboratory. This raises 

the question of the stability of the different variables 
measured and of the validity of the results. Although 
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much information is available about the stability of hae-
matological variables in canine specimens, very little 
information is available about their stability in feline 
specimens.1–5 Furthermore, in previous studies, (i) CBCs 
were performed in ethylenediamine tetra-acetic (EDTA) 
specimens, mostly by impedance technology and (ii) 
results were sometimes partial and preliminary as they 
did not follow international recommendations and were 
obtained from a small number of specimens. This might 
be owing to the difficulty of obtaining good EDTA speci-
mens from cats. We recently reported that addition of 
citrate, theophylline, adenosine and dipyridamole 
(CTAD) to EDTA feline blood specimens (EDCT speci-
mens) could improve the reliability of the CBC, espe-
cially of platelet and white blood cell (WBC) counts, by 
limiting the degree of aggregation.6

The aim of this study was thus to report changes in 
haematological variables measured by the Sysmex 
XT-2000iV in feline blood specimens collected in K3-
EDTA tubes with or without CTAD, and stored at room 
temperature for 24 and 48 h, thus mimicking the condi-
tions of specimens sent to a referral laboratory over a 
weekend. The changes were investigated from statisti-
cal, analytical and clinical perspectives.

Materials and methods
Forty-six blood specimens were collected as part of a 
routine diagnostic evaluation or disease monitoring of 
cats admitted to the Hospital of the Toulouse 
Veterinary School. All owners had signed a consent 
form before sampling, accepting that the sample col-
lected from their cat could be used for the study. Most 
blood specimens were collected without sedation 
(only three cats were sedated) from the jugular vein 
into a 5 ml K3-EDTA vacuum tube (Venoject; Terumo) 
with a 0.8 × 40 mm needle (Venosafe Mutisample; 
Terumo). Tubes were mixed gently by 10 inversions 
immediately after sample collection. All the tubes 
were filled correctly and did not show any macro-
scopic clots. Then, 3 ml of each specimen was pipetted 
into a tube containing CTAD (Vacuette; Greiner Bio-
one GmbH), which was mixed by 10 inversions (EDCT 
tubes) then placed, along with the EDTA tube, for 
approximately 20 mins on a mechanical mixer (Speci 
Mix, CT06478, Drew) before being processed within 1 
h of sampling (T0). After storage for 24 h at room tem-
perature in the dark, the two tubes were gently mixed 
by 30 inversions and re-analysed (T24). The same pro-
cedure was repeated 24 h later (T48).

A blood film was prepared from each tube at T0, T24 
and T48, air-dried and stained with modified May-
Grünwald Giemsa (Aerospray Haematology Slide 
Stainer Cytocentrifuge 7150; Wescor), fixed, coverslip-
mounted and stored in the dark. Smears were exam-
ined by the same trained veterinarian (FG) under light 

microscopy (BX60 microscope WH10X/22; Olympus) 
to estimate the platelet count and the degree of plate-
let aggregation. Platelet counts from the blood film 
(PLT-F) were estimated by calculating the mean num-
ber of platelets per oil-immersion (×1000) field (10 
randomly selected fields in the monolayer area) multi-
plied by a pre-established factor of 15 × 109 cells/l.7 
The score of platelet aggregation from a blood film 
was estimated by a score according to Norman, as 
described previously.6,8 The mean of the 10 values was 
used as the score of platelet aggregation (SPA-F). 
EDTA specimens with a score <2 were considered 
arbitrarily as not or little aggregated (NLA) and speci-
mens with a score ≥2 were considered as highly aggre-
gated (HA).

A CBC was performed on each sample by the Sysmex 
XT-2000iV analyser (Sysmex), including WBC, red blood 
cell count (RBC), platelet count (PLT), haemoglobin 
(HGB), haematocrit (HCT), mean corpuscular volume 
(MCV), mean corpuscular haemoglobin (MCH), mean 
corpuscular haemoglobin concentration (MCHC), red 
blood cell distribution width as coefficient of variation 
(RDW-CV) and as percentage (RDW-SD) reticulocyte 
percentage (RET%) and count (RETc), grades of reticulo-
cyte maturation as low, medium and high fluorescence 
ratios (LFR, MFR, HFR), the immature reticulocyte frac-
tion (IRF) and the leukocyte differential count, with the 
corresponding species settings. The basophil counts are 
not reported as they were shown to be unreliable in 
feline specimens.9 The PLT and RBC counts were deter-
mined by two different methods: flow cytometry and 
impedance cell counting (PLT-O, RBC-O and PLT-I, 
RBC-I). All counts measured in the EDCT tubes were 
multiplied by a factor (1.12) to compensate for the dilu-
tion with CTAD solution.

Quality control of the analyser was performed 
with the manufacturer’s control solution (Sysmex 
e-check L2). The within-run imprecision of the 
Sysmex XT-2000iV had been determined in a previ-
ous study.10

The results of measurements at T0, T24 and T48 were 
compared by a two-way analysis of variance (ANOVA) 
test. The number of cases where the differences were 
higher than could be expected from within-run impreci-
sion (2.77*CV) and the number of cases where they could 
account for a different classification of results according 
to recently published feline reference intervals (RIs) were 
also counted for some analytes when the RI were availa-
ble.11 Possible relationships between the results obtained 
at T0 and T24 or T48 for HCT, MCV and MCHC were  
investigated using Spearman’s correlation and Passing-
Bablok’s agreement equations. The values measured at T0 
for these variables were compared with the values calcu-
lated with the equations from the values measured at T24 
or T48 by Student’s paired t-test after checking for 
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variance homogeneity. Calculations were performed 
with an Excel spreadsheet, Analyse-It and Systat. As 
most distributions were significantly different from 
Gaussian, results are reported as the median and mini-
mum–maximum range in parentheses.

Results
Forty-six feline blood specimens from 45 diseased cats 
and one healthy cat were analysed. Some results were 
unavailable because they were not given by the analyser 
owing to modifications caused by the illness of the cat or 
technical difficulties. For example, some differential 
counts were incomplete and one PLT-I had to be excluded 
because the cat presented with microcytosis causing an 
aberrant platelet count (~5.1012/l) by impedance tech-
nology. The final number of comparisons used for each 
variable is reported in Tables 1 and 2. Statistically signifi-
cant effects of storage were observed for some variables, 
mostly in EDTA specimens. A typical case of scattergram 
changes from T0 to T48 in EDTA and EDCT is shown in 
Figures 1 and 2. In a high proportion of cases the differ-
ences were higher than could be explained by analytical 
variability. However, in many cases, the differences had 
little or no effect on the classification of results according 
to the RIs.

RBC
In EDTA specimens, HCT and MCV increased gradu-
ally and markedly during the 48 h of storage, causing 
clinical misclassification of 15/44 and 17/44 cases, 
respectively, at T48 (+22.2% and +16.0%). In addition, 
MCHC decreased and 25/44 specimens were classified 
differently, according to the RI at T48. Other RBC varia-
bles showed no or only slight statistical differences, 
with no or very few misclassifications of results accord-
ing to the RI, except for RDW-SD, which increased dur-
ing the 48 h of storage (+24.2% at T48). On the 
scattergrams, the RBC dot plots showed a moderate 
shift to the top in 34/44 cases.

In EDCT specimens, the changes for RBC variables 
and scattergrams were similar, but less pronounced, 
than in EDTA specimens. For example, HCT and MCV 
increased significantly only at T48 (+3.4% and +4.1%), 
and only 1/42 and 4/42 specimens were classified differ-
ently according to the RI at T48. MCHC decreased less 
than in EDTA, and RDW-CV and RDW-SD increased 
gradually during storage. RBC-O, RBC-I, HGB and MCH 
also showed no or only slight statistical differences dur-
ing storage, and no specimen was classified differently 
according to the RI.

No significant difference was observed between the 
values measured at T0 and the calculated T24 and T48 
results obtained for HCT, MCV and MCHC (Table 3). 
The calculated values gave no or very few misclassifica-
tions according to the RI.

Reticulocytes
In EDTA specimens, the RETc and RET% increased mark-
edly: +39.2 % and +32.1%, respectively, at T24, and +70.9 
% and +50.9 %, respectively, at T48. Moreover, the differ-
ences in the RETc exceeded the analytical variability in 
36/43 cases and 39/43 cases at T24 and T48, respectively. 
On the scattergrams the reticulocyte dot plots showed a 
marked shift to the right in 35/44 cases. No statistical 
differences were observed for the reticulocyte matura-
tion indexes (LFR, MFR, HFR) and the IRF, even though 
the differences exceeded the analytical variability in 0 to 
19/43 cases.

In EDCT specimens, the RETc and RET% also  
increased progressively during storage, but a little more 
moderately for the RETc: + 23.3 % and +14.6 % at T24, 
respectively, and +41.5 % and +52.1 % at T48. The differ-
ences measured for the RETc exceeded the analytical 
variability: 29/42 and 40/42 at T24 and T48. The reticulo-
cyte dot plot on the scattergrams showed a less pro-
nounced right shift than with EDTA (22/42 cases). 
Finally, no statistical difference was observed for the 
reticulocyte maturation indexes (LFR, MFR, HFR) and 
the immature reticulocyte fraction (IRF), even though 
differences exceeded the analytical variability in 0 to 
14/42 cases.

WBC
In EDTA, the leukocyte count remained stable for 48 h, 
few specimens showed differences exceeding the ana-
lytical variability and no specimen had been misclassi-
fied according to the RI. No statistical difference was 
observed for the neutrophil and lymphocyte counts dur-
ing the storage period, even though the differences 
exceeded the analytical variability in 17/38 and 20/38 
cases at T24 and T48, respectively, for the neutrophil count, 
and 27/38 and 17/38 cases at T24 and T48, respectively, 
for the lymphocyte count. Only 0 to 3/38 specimens 
were misclassified according to the RI. The monocyte 
count decreased by half at T48, 25/42 specimens showed 
variations that exceeded the analytical variation and 
only 1/42 specimens was misclassified according to the 
RI at T48. The eosinophil count increased gradually and 
slightly from T24, the differences exceeded the analytical 
variability in 19 and 26/ 41 cases at T24 and T48, respec-
tively, and 2/41 specimens were classified differently 
according to the RI at T24 and T48. On the scattergrams 
the neutrophils dot plot clearly showed a right shift 
(42/44 cases), sometimes combined with dissociation 
into two populations in 14/44 cases. This caused the 
neutrophil and eosinophil dot plots to merge in 9/44 
cases. The lymphocyte dot plot showed a down shift 
(19/44 cases), like the monocyte dot plot, which fell into 
the lymphocyte population (40/44 cases). The eosino-
phil dot plot showed a down shift (30/44 cases) and dis-
persion (36/44 cases).
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In EDCT specimens, the WBC remained stable for  
48 h of storage. The differential count showed fewer, but 
different, modifications than in EDTA. No statistical dif-
ference was observed for the lymphocyte and eosinophil 
counts, although the variation in lymphocyte count 
exceeded the analytical variation in 12 and 13/39 speci-
mens at T24 and T48, respectively, and the variation in 
eosinophil count exceeded the analytical variation in 11 
and 12/40 specimens at T24 and T48, respectively. Few 
specimens were classified differently according to the RI: 
3 and 4/39 specimens for lymphocyte count at T24 and T48, 
respectively, and 3/40 specimens for eosinophil count at 
T24 or T48, respectively. The monocyte count decreased 
from T48, and neutrophil count increased slightly from T24 
and remained stable between T24 and T48. The differences 
exceeded the analytical variation in 17/38 specimens for 
neutrophil count and in 15/41 specimens for monocyte 
count at T48. Only 2/38 specimens were classified differ-
ently according to the RI for neutrophil count at T48 and 
none for monocyte count. Dot plot changes were similar 
but less pronounced in EDCT than in EDTA.

PLT
No or very few statistical differences were observed for 
platelet variables when all the EDTA specimens were con-
sidered, whereas some differences could be observed when 
the specimens were divided into two groups according to 
the score of platelet aggregation (ie, HA and NLA). All 
EDCT results were analysed together because only 1/46 
specimens had a high aggregation score (SPA-F). All the 
results are summarised in Table 2. On the scattergrams the 
optical platelet dot plot showed a down shift in 22/44 cases 
in EDTA and 29/42 cases in EDCT, a right shift in 22/44 
cases in EDTA and 30/42 cases in EDCT, and an occasional 
dispersion in 29/44 cases in EDTA and 10/42 cases in EDCT.

In EDTA, the score of platelet aggregation (SPA-F) 
decreased at T24 in HA specimens, slightly increased in 
NLA specimens, and remained stable between T24 and T48 
whatever the group. In the HA subgroup, the platelet 
count increased significantly with time, whatever the 
counting method (PLT-I, PLT-O or PLT-F). Differences 
obtained for PLT-I and PLT-O exceeded the analytical vari-
ability for almost all specimens (10 or 9/10 cases), and 
almost half the cases (4 or 5/10 cases) were classified dif-
ferently according to the RI. In NLA specimens variation 
was irregular, differing with the method, and no time-
related trend was observed. In these specimens differences 
exceeded the analytical variability in 24 and 20/33 cases 
and 12 and 14/33 cases at T24 and T48 for PLT-I and PLT-O, 
respectively. In addition, 1 or 0/33 cases and 0 /33 cases at 
T24 and T48 for PLT-I and PLT-O, respectively, were classi-
fied differently according to RI. No significant difference 
with time was observed for PLT-F in NLA specimens.

In EDCT specimens, SPA-F increased very slightly at 
T24, and then remained stable. The PLT-I and PLT-O 
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counts decreased moderately and slightly from T24 
respectively. Differences exceeding the analytical varia-
tion were observed in 39 and 38/41 cases and 17 and 
10/42 cases at T24 and T48 for PLT-I and PLT-O, respec-
tively. Few specimens were classified differently accord-
ing to the RI: 7 and 3/41 cases and 2/42 cases at T24 and 
T48 for PLT-I and PLT-O, respectively. Finally, the PLT-F 
count showed a slight increase from T24 and then 
remained stable.

Discussion
To our knowledge, this is the first report about the stabil-
ity of haematological variables in a large number of 

blood specimens collected from one healthy and 45 dis-
eased cats into two different anticoagulants, EDTA and 
EDTA plus CTAD (EDCT), and analysed with modern 
equipment. Little information is available about changes 
occurring in haematological variables in EDTA feline 
blood specimens.1–5 Moreover, these studies were per-
formed under different pre-analytical (different temper-
ature and length of storage) and analytical (different 
haematological analyser) conditions, mostly with a small 
number of specimens, which preclude valid compari-
sons. In this study, because of the limited volume of the 
blood samples, it was decided to test two different anti-
coagulants and the effect of storage only at room 

Figure 1 Classical example of the changes in white blood cell differential (DIFF), reticulocyte (RET) and platelet (PLT-O) 
scattergrams (optical measurement), red blood cell (RBC) and platelet (PLT) histograms (impedance measurement) in the 
ethylenediamine tetra-acetic acid (EDTA) blood sample from a cat at T0 and after storage at room temperature in the dark for 
24 (T24) and 48 (T48) h. Description of the dot plot:  1= monocytes, 2 = lymphocytes, 3 = neutrophils, 4 = eosinophils, 5 = red 
blood cells, 6 = reticulocytes and 7 = platelets 
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temperature so as to more closely replicate conditions 
when a blood specimen has to be shipped to a reference 
laboratory.

RBC
As in previous reports, RBC, HGB and MCH1,3,5 did not 
change, or only changed very slightly, during storage at 
room temperature in the EDTA or EDCT specimens in 
our study. Haemoglobin has even been reported to 
remain stable for 96 h at room temperature, 4°C or after 
shipment.1 The RBC count was also reported to increase 
in one case,4 whereas it remained stable in other studies. 

As expected, HCT, MCV and MCHC changed markedly 
in EDTA specimens because of cell swelling.1,3,5 The 
increase of HCT and MCV has been reported to be more 
pronounced in specimens stored at room temperature 
than at 4°C.3,5 It was interesting to observe that no sig-
nificant change occurred in EDCT specimens after 24 h 
and that the maximum change after storage for 48 h was 
below 5%, thus clinically irrelevant (Table 1). 
Furthermore, the more moderate increase of MCV in 
EDCT than in EDTA caused a smaller shift to the top of 
the RBC dot plots on the scattergrams (Figures 1 and 2). 
The RDWs also exhibited an increase, showing that RBC 

Figure 2 Classical example of the changes in white blood cell differential (DIFF), reticulocyte (RET) and platelet (PLT-O) 
scattergrams (optical measurement), red blood cell (RBC) and platelet (PLT) histograms (impedance measurement) in the 
ethylenediamine tetra-acetic acid plus citrate, theophylline, adenosine and dipyridamole (EDCT) blood sample from a cat (the 
same one as in Figure 1) at T0 and after storage at room temperature in the dark for 24 (T24) and 48 (T48) h. Description of  
the dot plot:  1  = monocytes, 2 = lymphocytes, 3 = neutrophils, 4 = eosinophils, 5 = red blood cells, 6 = reticulocytes and  
7 = platelets
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swelling was probably heterogeneous. The RDW had 
been reported to be almost stable for 3 days at 4°C and to 
be increased at 25°C.3 Finally, time-related changes of 
HCT, MCV and MCHC in EDTA specimens due to cell 
swelling caused a relatively high rate of clinical misclas-
sifications (between one third and one half of the cases) 
(Table 1). The latter can be reduced or fully compensated 
if the values at T0 are calculated according to the pro-
posed equations (Table 3).

Reticulocytes
Reticulocyte percentage and count in EDTA and EDCT 
specimens increased similarly with storage. This is in 
agreement with previous results reported for EDTA 
feline blood with the same analyser.4,5 The order of mag-
nitude of the RETc increase in EDTA was the same at T24 
(about +40%) as in a study performed under the same 
conditions,4 but was higher at T48 (+71%) than in another 
study performed at room temperature (+25%) and 4°C 
(+10%) with storage for 2 days.5 The better stability in 
the latter study may be owing to the fact it was per-
formed only with healthy cats. The cause of the reticulo-
cyte increase needs to be investigated because there is 
not yet any explanation. In fact, owing to the maturation 
of reticulocytes with time, their count should be expected 
to decrease. Besides, no statistical difference was 
observed for the reticulocyte maturation indices after 48 
h of storage at room temperature (Table 1), but no infor-
mation is available about the clinical interpretation of 
these indices in feline blood. Possible clinical misclassifi-
cations could not be investigated for reticulocytes 
because RETc has been reported to notably differ accord-
ing to the technology used.5,11,12 Finally, these RETc must 
be interpreted with caution as they were obtained in cats 
with mostly low or moderate RETc, and only in one cat 
with a high count. It may, therefore, be necessary to con-
firm these changes by investigating a larger population 
of cats with regenerative anaemia.

WBC
The WBC count was stable for 48 h of storage as reported 
in earlier studies using cytometry,4,5 whereas it had been 
reported to decrease or remain stable by impedance 
measurements.1–3 The differential counts are difficult to 
compare with previous results as the analytical condi-
tions were different. In our study the differential count 
was quite stable. Neutrophil and lymphocyte counts 
were mostly stable or little changed for neutrophil count 
in EDCT, whereas the neutrophil count had been 
reported to increase and the lymphocyte count to 
decrease after 24 h of storage under the same condi-
tions.4,5 The decrease of monocyte count and the increase 
of eosinophil count observed in our study are similar to 
previous observations.4,5 These changes in the counts 
may result from the collapse of the monocyte dot plot 
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into the neutrophil dot plot and the right shift of the neu-
trophil dot plot towards the eosinophil dot plot. 
Modifications of the dot plots in EDCT were less pro-
nounced than in EDTA specimens. Accordingly, the vari-
ation in the respective counts was more moderate in 
EDCT. The cascade of shifts observed on the scatter-
grams from monocyte to lymphocyte, lymphocyte to 
neutrophil and neutrophil to eosinophil dot plots could 
explain why the only reported changes were a decrease 
of monocyte count and an increase of eosinophil count, 
with a system of balance accounting for the minor 
changes in neutrophil and lymphocyte counts.

PLT
The stability of platelet count with storage has been  
very little studied. Results obtained with the Sysmex 
XT-2000iV analyser were contradictory,4,5 but platelet 
aggregation was not investigated. This is the first study to 
investigate the evolution of platelet aggregation with stor-
age of feline specimens. Platelet clumping and large plate-
lets are frequent in cats, making it difficult to obtain 
reliable counts in EDTA specimens. Changes in the aggre-
gation score depended on the initial value (at T0), 
decreased dramatically in HA EDTA specimens, and 
increased slightly in EDTA and EDCT specimens showing 
no or low aggregation (NLA). Accordingly, platelet counts 
depended on the degree of aggregation. They were also 
markedly increased between T0 and T24, and more moder-
ately between T24 and T48 in HA EDTA specimens what-
ever the method of counting, as the degree of aggregation 
decreased progressively and markedly during storage. 
Platelet counts in NLA EDTA specimens and in EDCT 
specimens showed no or only slight changes over time. A 
tendency to decrease was observed for PLT-I and more 
moderately for PLT-O, which could be explained by the 
very moderate increase in the degree of aggregation and/
or by the increasing size of the platelet with storage.

Conclusions
Delayed analysis of feline blood specimens stored  
at room temperature and measured by the Sysmex 
XT-2000iV analyser leads to a significant increase in 
MCV, HCT, reticulocyte and eosinophil counts, and a 
significant decrease in MCHC and monocyte count, 
whereas HGB, RBC, MCH, WBC, and neutrophil and 
lymphocyte counts remain stable. Moreover, the changes 
are generally more pronounced in EDTA than in EDCT. 
Changes in the platelet counts of a specimen followed 
the evolution of the aggregation score which decreased 
markedly in initially HA specimens, and increased 
slightly in NLA specimens. Finally, CTAD can reduce the 
changes in the different haematological variables 

observed in feline blood samples during storage, and 
thus improves the reliability of a CBC and limits clinical 
misinterpretations.
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