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Introduction
The pre-analytical phase of a laboratory test corresponds to all activities preceding 

the analysis. Pre-analytical errors along with analytical errors are common problems that 
can compromise the test processing quality and consequently the results consistency [1]. 
Most pre-analytical errors results from procedures performed at sample collection when 
it is carried out improperly or unstandardized. Additionally, errors can also occur during 
biological samples handling and preparation [2].

Among the sources of pre-analytical errors, contamination of samples by exogenous fluids 
such as saline solutions for fluid therapy, therapies with antibiotics, potassium-rich fluids 
and glycosides are relatively common [3]. Therefore, contamination of the blood sample can 
lead to diagnostic errors and adverse consequences for the health of patients. Unfortunately, 
this is a relatively common occurrence, having as consequence the inadequate therapeutic 
correction of false abnormalities such as hyperglycemia or hyperkalemia, for instance [4,5].

In human medicine, it has been previously demonstrated that the contamination of 
the blood sample by glucose solutions can generate a significant bias namely in leucocyte 
count [6]. The underlying causes are probably a combination of glucose-induced effects on 
leucocyte biology and the different analytical techniques used for leucocyte enumeration and 
differentiation [7].

In veterinary medicine the use of fluids supplemented with glucose is a common 
procedure. To the authors’ knowledge, there is no published papers about the effect of spurious 
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Abstract
In veterinary medicine the use of fluids supplemented with glucose is a common procedure. Our objective 
was to evaluate if spurious hyperglycemia can affect the leucocyte cell count (total number and differential 
count) in dog and cat blood with the ProCyte Dx (IDEXX). Blood samples were collected for EDTA tubes, in 
a total of 30 samples, previously collected by jugular venopunction, at the Veterinary Teaching Hospital of 
University of Trás-os-Montes and Alto Douro. The samples were divided into 5 Eppendorf’s of 1.5mL. One 
of the samples was left in the original status that served as control, 3 of the samples were “contaminated” 
experimentally adding a 40% glucose solution to achieve a final concentration of 5%, 10% and 20%. The 
last Eppendorf was left to haemodilution. The samples were left in mechanical agitation approximately 
20 minutes at room temperature and were then analysed in the ProCyte Dx (IDEXX). The results of our 
study demonstrate that spurious hyperglycemia is not the main source of bias in automated leucocyte 
counting but rather haemodilution, when using the ProCyte Dx (IDEXX). We can conclude that apparently 
spurious hyperglycemia has no effects in the leucocyte’s parameters.
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hyperglycemia in the leucocyte count in dogs and cats. Therefore, 
the objective of this work was to evaluate if spurious hyperglycemia 
can affect the leucocyte cell count (total and differential count) in 
dog and cat blood with the ProCyte Dx hematological Analyzer 
(IDEXX).

Materials and Methods
Thirty blood samples selected by chance (20 samples of dogs and 

10 of cats) from leftovers sent to Laboratory of Clinical Pathology at 
the Veterinary of Teaching Hospital of University of Trás-os-Montes 
and Alto Douro for routine laboratory exams were used. No samples 
were collected exclusively for this study. Blood was collected for 
EDTA tubes (FL medical® 1mL) by jugular venopunction. The 
samples were divided into 5 Eppendorf’s of 1.5mL. One was left in 
the original status that served as control, 3 were “contaminated” 
experimentally adding a 40% glucose solution (20g of D - (+) - 
glucose was weighed and filled up with saline solution until 500mL; 
Sigma®) to achieve a final concentration of 5%, 10% and 20%, 
respectively and one other was left for haemodilution control. The 
samples were in mechanical agitation approximately 20 minutes 
at room temperature and were then analysed in the ProCyte Dx 
(IDEXX). The equipment was used according to the manufacturer’s 
instructions and all samples were analysed within four hours of 
collection.

Statistical Analyses
Statistical software SPSS 24.0 was used for statistical analysis. 

ANOVA and Student t tests were used for continuous variables to 
evaluate the difference between the uncontaminated samples and 
the contaminated aliquots. Linearity was assessed using linear 
regression analysis. The normal distribution of the samples was 
evaluated by the Shapiro-Wilk test and all values were expressed as 
mean ± standard error of the mean. In all statistical comparisons, P 
<0.05 was accepted as denoting significant differences.

Results
(Figure 1A to 1F) describes the correlation values for 

leucocyte parameters depending on glucoses concentration and 
hemodilution. In dogs, the percentage of total leucocyte count 
(WBC) (r=0.255; p=<0.001), neutrophil (r=0.185; p=<0.001), 
lymphocyte (r=0.225; p=<0.001), monocyte (r=0.127; p=<0.001), 
eosinophil (r=0.120 and p=<0.001) and basophil (r=0.002 and 
p=0.649) decreases significantly comparatively to control group. 
In cats, WBC (r=0.100 and p=0.025), neutrophil (r=0.053 and 
p=0.107), lymphocyte (r=0.134 and p=0.009), monocyte (r=0.017 
and p=0.368), eosinophil (r=0.128 and p=0.011) and basophil 
(r=0.0016 and p=0.376) (Figure 2A to 2F) the same tendency was 
observed.

Figure 1: (A) Percentage variation of white blood cell (WBC), (B) Neutrophil (NEU), (C) Lymphocyte (LYM), (D) 
Monocyte (MONO), (E) Eosinophil (EOS), (F) Basophil (BASO) counts in samples of dogs contaminated by a glucose 

standard solution.
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Figure 2: (A) Percentage variation of white blood cell (WBC), (B) Neutrophil (NEU), (C) Lymphocyte (LYM), (D) 
Monocyte (MONO), (E) Eosinophil (EOS), (F) Basophil (BASO) counts in samples of cats contaminated by a glucose 

standard solution.

From present results it is possible to observe a statistical 
significant difference among all the groups (p<0,01) except for 
basophils in dogs (Table 1) and monocytes and basophils in cats 
(Table 2). All the groups (with glucose and hemodilution group) 

were significantly different from control group. However spurious 
hyperglycemia groups didn’t show statistical significant difference 
from hemodilution group. These results were observed both in 
dogs (Table 1) and cats (Table 2).

Table 1: Effect of spurious contamination of diagnostic blood samples on white blood cell (WBC), neutrophil (NEU), 
lymphocyte (LYM), monocyte (MONO), eosinophil (EOS), basophil (BASO) (mean ± standard error of the mean) in dogs.

Glucose Contamination

DOGS Control 5% 10% 20% Hemodilution p

WBCx109/L 10.32±2.51a 4.99±1.53b 4.88±1.42b 4.81±1.54b 5.05±1.49b <0.001

NEU×109/L 6.77±2.23a 3.31±1.31b 3.21±1.17b 3.96±2.04b 3.33±1.24b <0.001

LYM ×109/L 2.18±0.62a 0.99±0.36b 0.98±0.35b 0.94±0.36b 1.01±0.32b <0.001

MONO×109/L 0.75±0.28a 0.39±0.13b 0.40±0.14b 0.40±0.14b 0.42±0.16b <0.001

EOS×109/L 0.60±0.31a 0.29±0.17b 0.27±0.16b 0.28±0.16b 0.28±0.15b <0.001

BASO×109L 0.02±0.02a 0.01±0.02b 0.02±0.02b 0.01±0.01b 0.02±0.03b 0.598

Values with distinct superscript letters in the same line, denote statistical significant differences among them (p<0,01).
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Table 2: Effect of spurious contamination of diagnostic blood samples on white blood cell (WBC), neutrophil (NEU), 
lymphocyte (LYM), monocyte (MONO), eosinophil (EOS), basophil (BASO) (mean ± standard error of the mean) in cats.

Glucose Contamination

CATS Control 5% 10% 20% Hemodilution p

WBCx109/L 13.08±5.89a 6.45±3.21b 7.04±3.76b 6.78±3.05b 7.06±3.43b 0.002

NEU×109/L 8.04±5.36a 3.97±2.89b 4.36±3.26b 4.16±2.72b 4.43±3.25b 0.08

LYM ×109/L 3.56±1.47a 1.70±0.70b 1.87±0.79b 1.80±0.74b 1.84±0.70b <0.001

MONO×109/L 0.50±0.61a 0.27±0.35b 0.28±0.35b 0.28±0.31b 0.28±0.33b 0.68

EOS×109/L 0.91±0.38a 0.46±0.22b 0.49±0.21b 0.50±0.20b 0.47±0.19b 0.001

BASO×109/L 0.08±0.03a 0.04±0.03b 0.04±0.02b 0.04±0.06b 0.05±0.05b 0.195

Values with distinct superscript letters in the same line, denote statistical significant differences among them (p<0,01).

Discussion
The pre-analytical phase is responsible for about 70% of the 

errors occurring in the laboratory medicine. In face of that, it is 
of paramount relevance to highlight the aspects related to patient 
compliance with previous instructions, such as the need of fasting 
for a given time before collection, the type of diet, the practice of 
physical exercise, the use of medications capable of interfering in 
the analysis and sudden changes in the habits of the daily routine 
preceding the blood collection [7,8]. Thus, it is noteworthy that the 
preparation of the sample and the evaluation of the pre-analytical 
phase become fundamental for obtaining accurate and reliable 
results, because the way the material is handled is directly related 
to the quality of the final result [8].

Improper or inaccurate sample collection is a source of 
problems in diagnostic testing [9], including automated leucocyte 
counting [10]. Although it was previously shown that spurious 
hyperglycaemia affects automatic leucocyte counting in human 
medicine [7], no evidence has been provided that spurious 
contamination of blood samples with glucose may also generate a 
significant bias in leucocyte counting in veterinary medicine. Thus, 
our aim was to investigate the effect of spurious hyperglycaemia in 
leucocyte count, but we also tested the hemodilution effect because 
it is well known that hemodilution decreases concentration of cells 
and solids in the blood resulting from gain of fluid [11].

Our results show statistical differences in most leucocyte 
parameters when comparing different rich glucose concentration 
solutions with control group. However, when post hoc tests were 
performed, there was no statistical difference between spurious 
glucose rich solutions and hemodilution group. The results of 
the study of Buonocore et al. [7] demonstrate that a 5% to 20% 
contamination of whole blood samples with a standard glucose 
solution (i.e., 25g of glucose monohydrate in 500mL of water) 
generates a bias in leucocyte enumeration, not only decreasing total 
WBC count, but also affecting the enumeration of most leucocyte 
subpopulations. These results agree with our findings, however, 
Buonocore et al. [7] didn´t investigated the effect of hemodilution 
when adding glucose to blood samples. This fact prevents us to fully 
compare our results with the previous ones.

Buonocore et al. [7] affirmed that this may be of greater relevance 
in patients with hyperglycaemia and bacterial infections, in whom 

the total WBC count is probably the most important parameter, 
so that a spurious decrease may affect diagnostic reasoning. The 
results of our study demonstrate that in blood samples from dog 
and cat, spurious hyperglycemia is not the main source of bias in 
automated leucocyte counting but rather hemodilution, when using 
the ProCyte Dx (IDEXX). Although the results show no influence of 
glucose rich solution in total WBC or differential leucocyte count, 
our study demonstrated that haemodilution has a relevant impact, 
as expected.

Conclusion
In conclusion, our study reveals that apparently, spurious 

hyperglycemia has no effects in the leucocytes parameters in blood 
from the species canine or feline and confirms a relevant effect for 
haemodilution that should also be taken in consideration in clinical 
practice when evaluating a leucogram.
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