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Abstract: The Abacus Vet 5 (AV5) is a volumetric impedance-based automated haematology analyser that offers a total
and 3-part differential (lymphocytes, neutrophils and monocytes) white blood cell (WBC) count in goats. This study aimed
to compare the total and differential leukocyte counts (absolute and relative) measured with the AV5 haematology analyser
with the results obtained by the manual method from blood smears in goats. It is also aimed to compare the compatibility
between the two methods. The blood samples of 40 hair goats (9 healthy and 31 diseased) were analysed by both methods.
The relationships between the values were evaluated with a correlation coefficient, and the agreements between the
methods were assessed with the Bland-Altman method. The correlation between two methods were excellent for total
WABC counts (rho = 0.963, p = 0.000), absolute neutrophils (rho = 0.964, p = 0.000), lymphocytes (rho = 0.928, p = 0.000), a
good for the neutrophil percentages (rho = 0.824, p = 0.000), and a weak for absolute monocytes (rho = 0.426, p = 0.006).
Although the bias for lymphocyte (-8.25 %) and neutrophil (10.02 %) percentages was relatively significant and the
confidence intervals were wide, the agreement for all parameters was acceptable between the two methods in the Bland
atman method. In conclusion, the AV5 haematology analyser performed well for total, and differential WBCs counts in
goats. However, abnormal results should still be confirmed by a blood smear examination. In addition, instrument
performance evaluations, including increased sample sizes, should be performed in further studies.
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Kegilerde Total ve Diferansiyel Lokosit Sayimlarinda Otomatik Kan Analizorii ve Manuel Periferik
Yayma Yontemi Sonuglarinin Karsilastiriimasi

Ozet: Abacus Vet 5 (AVS5), kegilerde toplam ve 3 parcal diferansiyel (lenfositler, notrofiller ve monositler) 16kosit (WBC)
sayisi sunan hacimsel empedans tabanli otomatik bir hematoloji analizoériidir. Bu ¢alismada, kegilerde AV5 hematoloji
analizoru ile olgulen toplam ve diferansiyel I6kosit sayilarinin (mutlak ve bagil), kan yaymalarindan manuel yontemle elde
edilen sonuglarla karsilastirilmasi amaglandi. Ayrica iki yontemin uyumlulugunun karsilastiriimasi da amaglanmaktadir. Kirk
kil kegisinin (9 saghkh ve 31 hasta) kan 6rnekleri her iki yontemle de analiz edildi. Degerler arasindaki iliskiler korelasyon
katsayisi ile, ydntemler arasindaki uyumlar ise Bland-Altman ydntemi ile degerlendirildi. iki ydntem arasindaki korelasyon,
toplam WBC sayilari (rho = 0.963, p = 0.000), mutlak nétrofiller (rho = 0.964, p = 0.000) ve lenfositler (rho =0.928, p = 0.000)
icin ¢ok iyi, notrofil ylizdeleri igin iyi (rho = 0.824, p = 0.000) ve mutlak monositler igin zayifti (rho = 0.426, p = 0.006).
Lenfosit (% -8,25) ve notrofil (%10,02) yizdeleri icin yanlilik géreceli olarak onemli ve given araliklari genis olmasina
ragmen, Bland-Altman yonteminde iki yontem arasinda tiim parametreler icin uyum kabul edilebilirdi. Sonug olarak, AV5
hematoloji analizorii kegilerde toplam ve diferansiyel WBC sayilar igin iyi performans gostermistir. Bununla birlikte,
anormal sonuglar yine de bir kan frotisi incelemesi ile dogrulanmalidir.

Anahtar Kelimeler: Hematoloji analiz cihazi, Kan frotisi, Kegi, Lékosit, Manuel yéntem.

Introduction

inflammatory response (Willard and Tvedten, 2012).
This relationship between WBC and inflammatory

The complete blood count (CBC) is a fast,
inexpensive diagnostic test that helps the

responsible veterinarian with various problems.
Getting the results fast provides a significant
advantage to both physicians and patients. CBC
provides a rapid assessment of quantitative and
qualitative changes in different blood cells (e.g.,
erythrocytes, leukocytes and platelets) (Mehain et
al., 2019; Rejec et al., 2017). From these blood cells,
leukocytes (WBC) (total and differential) are widely
used in the clinical process to determine the

response makes the number of WBCs an important
measurement for diagnosing and prognosis of
various diseases (Chung et al.,, 2015). WBC is a
group of heterogeneous nucleated cells that can
circulate at least once in their lifetime, including
neutrophils, eosinophils, basophils, lymphocytes
and monocytes. The average WBC count in healthy
goats ranges from 4 to 13 x 103/uL (Weiss and
Wardrop, 2010). The differential count by cell type
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is more important than the total WBC count
because increases and decreases in individual cell
types can co-occur, and the total WBC count may
remain unchanged (Jones and Allison, 2007).

The leukocyte count can be performed with
automatic devices or manually. Automated
methods can count large numbers of cells to
provide a statistically more accurate reading of the
WBC count. The most important feature of these
devices is that they give results quickly compared to
manual methods and minimise the number of
smears to be examined. Therefore, various brands
and models of devices are widely used in human
and veterinary medicine. However, it is expensive
because it requires special equipment (Stirn et al.,
2014). These devices measure according to the
number of cells, size, surface area, and properties
such as granules inside. Because of these features,
they may sometimes not be able to distinguish
normal cells from abnormal ones and may cause
erroneous counts in case of abnormal cells (Platelet
aggregates, giant platelets, normoblasts,
erythrocytes resistant to lytic solutions) are present
(Putzu and Di Ruberto, 2013). The cells should be
checked by doing a peripheral smear to confirm the
results of the device and identify morphological
abnormalities (Jones and Alison, 2007).

Therefore, this study aimed to compare the
total and differential leukocyte counts (absolute
and relative) measured with the AV5 haematology
analyser with the results obtained by the manual
method from blood smears in goats. It is also aimed
to compare the compatibility between the two
methods.

Materials and Methods

The Animal Research Ethics Committee
approved the study of the Aydin Adnan Menders
University under protocol number
64583101/2022/016.

The animal material of the study consisted of
40 hair goats of different ages and genders, which
were brought to Adnan Menderes University
Veterinary Faculty Research Hospital and various
veterinary clinics in Aydin for examination,
treatment and control. Five millilitres of blood
samples were taken from vena jugularis into tubes
with ethylenediaminetetraacetic acid (EDTA) for
laboratory examinations from goats. Total and
differential (absolute and relative) leukocytes
(neutrophils, lymphocytes and monocytes) counts
were determined by performing CBC with the
Abacus Vet 5 Hematology Device (AV5) (Abacus Vet,
Diatron MI LTD, Hungary) within 4 hours from the
blood samples taken. The device used the
volumetric impedance method, which counts cells

according to their properties, such as size and
surface area. Also, at least two Wright-Giemsa
stained blood smears were prepared for each goat
to determine manually the total and differential
WBC counts using the method reported by Vives
Corrons et al. (2004). Olympus CX21 microscope
was used for the manual method. The WBC counts
per area in 20 fields (x 40 objective) in a monolayer
of the smear were calculated and averaged. The
estimated WBC counts were determined by
multiplying the obtained value by 1500 (Bellwood
and Andrasik-Catton, 2014; Petanides et al., 2004).
The recommended correction factor of 100 to 150
for a x100 magnification on several blood films was
used to determine WBCs accurately (Harvey, 2001;
Katsogiannou et al., 2019). A microscope with an x
1000bjective lens was used for the differential
count of WBCs. The morphology of 200 WBCs were
carefully evaluated for the manual differential in
each blood smear. Neutrophil, lymphocyte, and
monocyte counts were determined using the
battlement method. Relative (%) and absolute
numbers (x103/uL) of cells were then calculated.
Two different observers evaluated the same blood
smears independently, and the average of the two
evaluations was used in the study. Samples with
inappropriately filled tubes and poor-quality blood
smears were excluded from the study.

All statistical analyses were performed using
the software Statistical Package for the Social
Sciences (SPSS) 19.0 (IBM Corporation, Armonk,
USA) and GraphPad Prism 9 (GraphPad Software
Inc. San Diego, USA). The distribution of numerical
data was checked with Kolmogorov-Smirnov and
Shapiro-Wilk tests. Student T-test was used to
compare the normally distributed parameters, and
A Mann-Whitney test was used to compare non-
normally distributed parameters. The relationships
between the values were evaluated with the
Pearson correlation coefficient (for normal
distribition data) or Spearman's
correlation coefficient (for non-normal distribution
data). An agreement between the methods was
assessed with the Bland-Altman method (Bland and
Altman, 1986), and the manual method for WBC
differentials was taken as the reference method.
P<0.05 was considered significant in all evaluations.

Results

Forty Turkish hair goats of different ages (1-3
years old) and gender were enrolled in this study.
Nine goats were healthy, and 31 goats were
diseased. Nine goats were deemed healthy based
on history, clinical examination and laboratory
results. All 31 goats showed varying pneumonia
signs, and various parasites were found in their
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Table 1. Descriptive statistics and statistical differences of haematological parameters measured with the manual

method and the AV5 haematology device.

Parameters Method Meant SD Median (IQR) Min-Max p
M 11.67+4.84 10.35 (8.41-12.95) 4.65-23.85
WBC (x103/pL) 0.004
AV5 12.24 +5.77 10.98 (8.07-13.58) 4.67-27.86
M 6.61 +3.37 5.86 (4.21-7.21) 2.34-15.57
Lymphocytes (x103/uL) 0.000
AV5 5.71+3.02 4.77 (3.54-6.46) 2.18-14.21
M 56.09 +£11.35 57 (50.00-65.75) 26-76
Lymphocytes (%) 0.002
AVS5 46.82 +11.46 47.40 (40.92-54.93) 18.00-66.80
M 0.09 +0.08 0.08 (0.04-0.11) 0-0.33
Monocytes (x103/uL) 0.866
AV5 0.11 +0.08 0.09 (0.05-0.13) 0.02-0.44
M 0.76 + 0.47 1(0.5-1) 0-2.07
Monocytes (%) 0.869
AVS5 0.85+0.43 0.7 (0.6-0.9) 0.5-2.80
. M 5.30+3.33 4.41 (2.88-6.29) 1.44-17.27
Neutrophils (x103/puL) 0.000
AV5 6.39 £3.59 5.30(3.97-7.68) 1.96-17.34
. M 42.25+12.22 41.25 (33-48) 25-73.50
Neutrophils (%) 0.000
AV5 52.27 £11.52 51.95 (44.35-58.53) 32.70-80.20

Abbreviations: AV5, Abacus Vet 5; IQR, interquartile range; M, Manuel method; Min.-Max., minimum-maximum;SD,

standard deviation; WBC, White blood cell.

stool. When evaluated by both methods, ten goats
had leukocytosis, and the leukocyte values of 21
goats were within the reference ranges.

Descriptive statistics and statistical differences
of haematological parameters measured with the
manual method and the AV5 haematology device
are shown in Table 1. WBC, absolute neutrophil
count and neutrophil percentage measured on the
automated analyser were significantly higher than
in the manual method. In contrast, absolute
lymphocyte counts and lymphocyte percentages
were significantly higher in the manual method (p >
0.05) (Table 1). There were no statistical differences
in the monocytes (absolute and relative) between
methods (p > 0.05). Comparing the manual method
and the AV5 automated analyzer results, an
excellent correlation was determined for WBC
count (rho = 0.963, p = 0.000), absolute neutrophil
(rho = 0.964, p = 0.000) and lymphocyte count (rho
= 0.928, p=0.000), a good correlation for the
neutrophil percentages (rho = 0.824, p = 0.000), and
a weak correlation for absolute monocyte count
(rho = 0.426, p = 0.006). There was no significant
relationship between the lymphocyte (rho =-0.039,
p > 0.05) and monocyte percentages (rho = 0.063, p
> 0.05) between the methods. The Bland-Altman
plots are presented in Figure 1 and Figure 2.
Although low bias was determined in the WBC,
neutrophils, lymphocytes, monocytes  and
monocytes percentages, the bias was relatively high
in the percentage of lymphocytes and neutrophils.
In addition, 95% of the differences between the
measurement values of the parameters evaluated
by the two methods were within the limits of

agreement (LOAs). However, LOAs for the
percentage of lymphocytes and neutrophils were
relatively wide.
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Figure 1. Comparison of WBC obtained from the two methods by
Bland-Altman analysis. The solid dark line indicated the bias
(mean difference), and dashed dark lines represent the 95%
confidence intervals of the bias.

Abbreviations: AV5, Abacus Vet 5; M, Manuel method; SD,
standard deviation; WBC, White blood cell.

Discussion and Conclusion

Goats are ruminants that are easy to care for
and feed and provide income to their breeders with
milk, meat, lint and hair. Better use of bush, rocky
and mountainous areas also puts goats in a
different place among farm animals. Due to all
these features, the interest in goat breeding in
animal production increases day by day. In parallel
with this increase, an increase is observed in the
number of goats brought to veterinary clinics due to
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Figure 2. Comparison of lymphocyte counts (A), lymphocyte percentages (B), monocyte counts (C), monocyte percentages (D),
neutrophil counts (E), neutrophil percentages (F) obtained from the two methods by Bland-Altman analysis. The solid dark line
indicated the bias (mean difference), and dashed dark lines represent the 95% confidence intervals of the bias.

Abbreviations: AV5, Abacus Vet 5; Lym, lymphocyte; M, Manuel method; Mon, monocyte; SD, standard deviation; Neu,

neutrophil.

health problems. In ruminants, laboratory
evaluation of the CBC is an important extension of
the physical examination and has become an
important tool in approaching medical cases (Jones
and Alison, 2007; Oikonomidis et al., 2020). It can
identify certain disease processes and monitor and
evaluate animals' health and welfare status. Also, it
is beneficial for predicting prognosis. The Abacus
Vet 5 is an automated haematology analyser that
offers a total and 3-part differential (lymphocytes,
neutrophils and monocytes) WBC results on goats.
It is widely used in veterinary clinics and hospitals in
our country. Therefore, this study aimed to evaluate
the effectiveness and agreement of the AV5
automatic analyser compared to the manual
method. This is the first study to characterise the
analytical performance of the automated analyser
for WBC (total and differentiated) measurement in
goats.

The agreement of the measurements of the
newly developed device with the reference

whether the new device is usable or not can be
assessed. For this purpose, comparison of the mean
or median of the new (test) and reference method,
correlation analysis, linear, Passing Bablok or
Deming regression, and Bland-Altman method are
statistical methods that are frequently used in
determining the agreement between measurement
techniques (Giavarina, 2015; Ozen, 2018; Van
Stralen et al., 2008).

Comparing the mean/median of two methods
(new/test-reference) shows the general trend of
increasing or decreasing values rather than
reflecting the actual difference between them
(Bland and Altman, 1986). This statistical method
reveals a non-proportional but constant difference
between two sets of measurements (Giavarina,
2015). There was a significant difference between
WBCs and differentials (absolute and relative)
measured with the AV5 automatic analyser and the
manual method (Table 1). The automated analyser
generated significantly higher WBC, absolute

(standard) method is evaluated by method neutrophil count, and neutrophil percentage than
comparison. According to the evaluation result, the manual method. In contrast, absolute
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lymphocyte counts and lymphocyte percentages
were significantly higher in the manual method
(Table 1). This difference between the two methods
can be interpreted as a general trend of increasing
or decreasing values rather than inconsistency. This
statistical method reveals a disproportionate but
constant difference between the two measurement
groups (Megahed et al., 2019; Simundic, 2012). The
difference between the two methods for WBC
counting was an expected result because reference
methods such as hemocytometer were not used for
WBC counting in this study; only the estimated WBC
count and automatic blood count results were
compared. Although the manual method is
considered the reference method for studies
confirming WBC differentials, it is also characterised
by significant variability (Oikonomidis et al., 2020).
Also, automated devices may not distinguish normal
cells from abnormal ones due to abnormal cells,
resulting in erroneous results (Putzu and Di
Ruberto, 2013). These situations can explain
differences in lymphocytes (absolute and relative)
and neutrophils (absolute and relative).

The WBC analyses of goats samples for the
total and 3-part differential showed good to
excellent correlations for WBC count (rho = 0.963, p
= 0.000), absolute neutrophil (rho = 0.964, p =
0.000), absolute lymphocyte (rho = 0.928, p=0.000)
and neutrophil percentages (rho = 0.824, p = 0.000).
Moreover, there was a weak correlation in absolute
monocyte (rho = 0.426, p = 0.006), while no
significant correlation was found in the lymphocyte
(rho =-0.039, p > 0.05) and monocyte percentages
(rho = 0.063, p > 0.05). Although correlation
coefficients are frequently used to determine the
agreement between the two methods, it is also
known that this test has potential disadvantages
(Giavarina, 2015; Van Stralen et al., 2008). The
correlation coefficient primarily depends on the
distribution width of the data. Since the total and
differential WBC counts were measured in healthy
and diseased goats in this study, the parameters
covered a wide range of values (Table 1). The wide
distribution of the data can explain the excellent to
good positive correlations between the values
measured by the two methods (Van Stralen et al.,
2008). The correlation coefficient can describe the
linear relationship between two different data sets;
however, it cannot detect whether there is a
constant or proportional difference between the
two methods (Van Stralen et al., 2008). Therefore,
this situation should not mean that the two
methods agree. They also report that although the
two methods are weakly agreement, they can show
high correlation (Bland and Altman, 1986; Chhapola
et al,, 2015; Jensen and Kjelgaard-Hansen, 2006).

It is emphasised that the Bland and Altman
method should be used in determining the
agreement of the two methods due to the
comparison of mean/median values and various
disadvantages of correlation analysis (Giavarina,
2015; Jensen and Kjelgaard-Hansen, 2006; Ozen,
2018). The Bland-Altman plots revealed a low bias
for WBC (Figure 1), lymphocyte, neutrophil,
monocyte and percentage monocyte (Figure 2). The
fact that the bias of WBC, lymphocyte, neutrophil,
monocyte and percentage monocyte are small and
the agreement limits are acceptable shows that the
agreement between the two methods for these five
parameters are good. However, significant negative
(-8.25) and positive (10.02) biases were determined
for lymphocyte and neutrophil percentages,
respectively (Figure 2). The AV5 haematology device
works on the volumetric impedance principle and
identifies cells according to their size and surface
area. Goats primarily have small and medium-sized
lymphocytes (Jones and Alison, 2007). However,
small ruminant blood smears may typically contain
a low number of large lymphocytes (Oikonomidis et
al., 2020). An increased number of Ilarge
lymphocytes, platelet aggregations, giant platelets
and normoblasts may be misclassified by
automated devices, affecting the percentage of
neutrophils and lymphocytes (Oikonomidis et al.,
2020). It should also not be forgotten that the
manual method, which is the reference method, is
also characterised by significant variability (Rimke,
1977). These conditions can explain the
considerable biases between the two methods in
lymphocyte and neutrophil percentages. Although
significant bias was detected for both parameters
and the 95% agreement limits were moderately
wide, 95% of the differences between the
measurement values of lymphocyte and neutrophil
percentages were within LOAs. The Bland-Altman
analysis objectively reveals the measurement
differences between the two methods. It leaves the
interpretation of the acceptability level of the
differences to the clinician's opinion (Jensen ve
Kjelgaard-Hansen, 2006). Given that the reference
ranges for lymphocyte (50-70 %) and neutrophil
percentages (30-48 %) in goats were relatively wide
and the absolute values of both parameters agreed
between methods, this bias was unlikely to affect
clinical interpretations. Thus, it was assumed that
the agreement between the two methods was also
acceptable for these parameters.

There are several limitations to this study.
First, the recommended reference method in goats
was not used for the total leukocyte count. The
agreement between the estimated WBC counts
obtained from the peripheral smear and the WBC
counts obtained from the automated device was
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compared. Second, CBCs were not performed in
duplicate as ideally recommended in the ASVCP
guidelines (Arnold et al., 2019) for method
comparison. Third, the agreements of total and
differential WBCs of sick and healthy goats were
evaluated together and were not assessed
separately. Finally, the sample count was the
minimum recommended for method comparisons
(Bilic-Zulle, 2011; Jensen & Kjelgaard-Hansen, 2006;
Westgard, 2010). A larger number of animals could
have increased the power of the tests.

In conclusion, the Abacus Vet 5 haematology
analyser appears to perform well for total and
differential WBCs compared with the manual
method, and it can be used safely for routine
laboratory examinations in goats. However, there is
a high probability of numerical and morphological
abnormalities in total and differential WBCs of sick
goats. Therefore, the abnormal results should
always be confirmed with a blood smear
examination. In addition, the precision, accuracy
and instrument performance evaluations, including
increased sample sizes, should be performed in
further studies.
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