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ABSTRACT

RBC count plays an important role in animal diagnosis. Despite the many technologies available in
different automated hematology analyzers, when it comes to the blood of wild animals it is still difficult
to find an easy and affordable solution for multiple species. This study aims to evaluate the proposed
automatic red blood cell counter. Blood samples (1 ocelot - Leopardus pardalis, 1 monkey - Cebus
apella, 1 coati - Nasua nasua, 62 dogs - Canis familiaris, and 5 horses - Equus caballus) were analyzed
using three methods: 1-manual count, 2-automatic count by image, and 3-semi-automatic count by image;
blood from dogs and horses were also analyzed by a fourth method: 4-automatic count by impedance. The
counts in methods 2 and 3 were produced by the proposed red blood cell counter. Results were compared
using Pearson’s correlation and plots with different methods as the criterion standard. RBC counts in
methods 1, 2, and 3 correlated very well with those in the method 4 (r > 0.94). RBC counts produced by
method 2 were highly correlated with method 3 (r = 0.998). The results indicate that the proposed method
can be used as an automatic or semi-automatic counting method in clinics that are currently using the
manual method for RBC assessment.

Keywords: automatic Image-based RBC counting, Cebus apella, Leopardus pardalis, Nasua nasua, Wild
Animals

RESUMO

A contagem de células vermelhas do sangue desempenha um papel importante no diagnostico de
animais. Apesar da existéncia de muitas tecnologias em diferentes contadores automatizados para
andlise de sangue, quando se trata do sangue de animais silvestres ainda é dificil encontrar uma solugdo
simples e economica para multiplas espécies. O objetivo deste estudo é avaliar o contador de células
vermelhas proposto. Amostras de sangue (uma jaguatirica - Leopardus pardalis, um macaco - Cebus
apella, um quati - Nasua nasua, 62 cdes - Canis familiaris e cinco cavalos - Equus caballus) foram
analisadas por trés métodos: 1 - contagem manual, 2 - contagem automdtica por imagem e 3 - contagem
semiautomdtica por imagem, as amostras de cdes e cavalos foram analisadas por um quarto método. 4 -
contagem automdtica por impedancia. As contagens dos métodos 2 e 3 foram obtidas usando-se o
contador de células vermelhas proposto. Os resultados foram comparados por meio da correlagdo de
Pearson e graficos com diferentes métodos como valor de referéncia. As contagens dos métodos 1, 2 e 3
se correlacionaram muito bem com as contagens do método 4 (r > 0.94). As contagens produzidas pelo
método 2 apresentaram alta correlagdo com o método 3 (r = 0.998). Os resultados indicam que o
contador proposto pode ser usado como um método de contagem automdtica ou semiautomdtica em
clinicas que usam o método manual para contagem de células vermelhas do sangue de animais.
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INTRODUCTION

Blood analysis is one of the most common tests
performed to support diagnosis for animals.
Nevertheless, when the subject under analysis is
a wild animal it is still challenging to find an
affordable solution that can be easily adopted by
the clinical staff in-house or on the field. A study
on sea otters used manual methods for
hematologic analyses, including RBC and WBC
counts, due to the remoteness of the site
(Goldstein et al., 2011).

The use of indirect methods to mathematically
estimate RBC mass using hematocrit may induce
error (Strauss et al., 2003). The RBC of some
wild animals presents variations in cell size,
number and shape when compared to other
species. The number of RBC is inversely
proportional to their size, species like Mazama
rufina have small cells, but in large numbers.
Thus, the percentage of RBC in the total blood
volume (packed cell volume) will not have a
large variation between species (Almosny and
Santos, 2001) despite the large variation in cell
number. Hemoparasites can also interfere in the
hematocrit and in hemoglobin determination
(Santos, 1999). These factors can lead to errors
when estimating RBC mass using indirect
methods.

The optical microscope was the introductory
method for cells classifying and counting in
human beings and animals. The microscope
method is highly dependent on the laboratory
personnel, by this we mean that the results may
vary with the performance of a technician and
thus among the technicians.

Automatic counters that produce more specific
results and thus apply less subjective criteria
were proposed. A milestone method for counting
RBC was introduced by Wallace Coulter
(Coulter, 1953). The Coulter method of cell
counting is based on the electrical impedance
variation of the blood fluid and its suspended
particles, when passing through a sensing
aperture in a capillary. This method allows the
determination of the number of cells and an
estimation of their mean size. In the 1970s,
automated equipments became commercially
available for human blood evaluation (Preston,
1986). While such equipments proliferated with
cost effective analyses, there are no cost effective
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equipments for analysis of blood of different
species of wild animals available to be used in
care centers and institutions such as zoos and
wildlife care centers. This is mainly due to the
variety of animal species and the difficulty in
finding an economically viable technical
approach capable of handling all variations (e.g.,
concentration, size and shape) in those blood
samples. Additionally, the tests carried out in
electrical impedance based equipments require
the use of specific reagents for each animal
species (Becker ef al., 2008). This feature leads
to the lack of reagent for some species and the
need for the laboratory to have many reagents
even when few tests are needed for a given
species.

Previous work demonstrated the use of an image
based algorithm to execute the counting of RBCs
of three animal species (Leopardus pardalis,
Cebus apella and Nasua nasua) obtaining good
results, with 3% errors. Nevertheless, these
results were obtained comparing the automatic
count by image to the results of 1) a manual
count performed with the use of an optical
microscope and Neubauer chambers, and 2)
semi-automatic count by image that was
considered as the ground truth. Tab. 1 shows the
Pearson’s correlation of the three methods. The
correlation of 0.989 of the automatic count by
image compared to the semi-automatic count by
image indicates the viability of the method.
However, the results from the automatic count by
image were not compared against an automatic
hematology analyzer count since a calibrated
equipment, suited to count RBC from different
species of wild animals, was, and it is still, not
available.

Table 1. Pearson’s correlation among the three
methods for wild animal’s blood samples

MC? SACI® ACI*
1.000 0.954 0.940
0.954 1.000 0.989
0.940 0.989 1.000

* Manual Count; °Semi-Automatic Count by Image;
“Automatic Count by Image.

This paper presents the results obtained in the
evaluation of a proposed image-based RBC
counter, including the comparison of it with the
counting results obtained in a commercial
automatic hematology analyzer and a developed
computer software for aiding expert and non-
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expert personnel to evaluate the RBC counting.
The proposed automatic cell detecting and
counting algorithm is capable of performing
multi species RBC counting, self adapting for
variations in number and size of the cells. Images
that illustrate the variation of blood cell size and

concentration among different species of animals
can be seen in Fig. 1. In this paper, dog and horse
blood is used in order to compare the automatic
count by image with counts generated by the
automatic hematology analyzer.

Figure 1. Blood cells of five different species: a) Leopardus pardalzs b) Cebu:v apella c) Nasua n nasua, d)

Canis familiaris, and e) Equus caballus. 200 X.

MATERIALS AND METHODS

The evaluation of the proposed counting methods
used two groups of blood samples, one
consisting of wild animals and other of domestic
animals. All RBC counting were conducted in
less than 24h after sampling time (Brown et al.,
2005; Sanches et al., 2013; Weiss et al., 1994).

The species used in the tests with wild animals
are Ocelot - Leopardus pardalis, Monkey —
Cebus apella, and Coati - Nasua nasua with
typical RBC volumetric concentration shown in
Tab. 2 (Jain, 1993; Santos, 1999). One blood
sample from each of the three wild animal
species was collected. The difficulty to obtain a
higher number of wild animal samples refers to
the fact that the animals are kept for conservation
and protection. The costs and logistics of
sampling the individuals are another reason for
this difficulty (Miller et al., 2013). All samples
were collected in ethylenediamine tetraacetic
acid (EDTA) containing tubes as part of routine
procedure for the animals of the Bela Vista
Biological Sanctuary of Itaipu Hydroelectric
Company, Foz do Iguagu, Parana, Brazil. The
samples were used for image registration after
the conclusion of the routine tests performed at
the Environmental Laboratory of Itaipu
Hydroelectric. The animals were considered
clinically healthy at the time of sampling.
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Table 2. Reference intervals of RBC counting for
the species analyzed

Animal RBC (x10%uL)
Canis familiaris 5.50-8.50
Equus caballus 6.10-11.0
Leopardus pardalis 4.07-6.16
Cebus apella 3.47-5.48
Nasua nasua 3.88-5.35

Blood from two species of domestic animals
were included in the tests, sixty-two dogs - Canis
familiaris and five horses - Equus caballus,
totalizing 67 samples from different animals.
Samples were taken for both clinically healthy
and ill animals, of different breeds, ages and
gender. All samples were collected in EDTA
containing tubes as part of diagnostic procedures
for patients at the Veterinary Clinic Laboratory
of the Department of Clinics of the University
Animal Hospital at FMVZ-Unesp, Botucatu,
Brazil. The typical RBC concentration for these
animals is shown in Tab. 2 (Jain, 1993; Santos,
1999). Samples were used for image registration
when they were ready to be discarded. Ethical
approval for animal blood use was registered
under number 31/2013 from a local ethical
committee.

Since the blood of dogs and horses is commonly
evaluated in veterinary finding calibrated
automatic equipments to be used as references is
feasible. Thus, the proposed image based
algorithm evaluation can be conducted using a
higher number of blood samples from those
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species and the results compared with the ones
produced by automatic equipment.

Manual and image processing methods used the
Neubauer counting chamber. The chamber
includes adequate regions for counting both high
and low concentration values of the elements of
interest (Fig. 2), and is commonly used in RBC
counts for wild animals’ blood (Chapple et al.,
1991; Madella et al., 2006; Silva and Freitas,
2008; Silva et al., 1999).

Hemocytometers, like Neubauer chamber, are
very useful tools for cell counting in laboratory
activities (Almosny and Monteiro, 2006; Santos,
1999). Studies on wild animals often use manual
methods with the hemocytomer (Almosny and
Santos, 2001). Other examples of RBC counts
for different species include Chital deer (Chapple
et al., 1991), Brown mink (Weiss et al., 1994),
Coatis (Silva et al., 1999), Pampas deer (Uhart et
al., 2003), Pallas’ cats (Brown et al., 2005),
Capybaras (Madella et al., 2006), Spanish ibex
(Casas-Diaz et al., 2008), Native and exotic
caprines (Silva and Freitas, 2008), Wild pichis
(Superina et al., 2008), Fur seals (Norberg et al.,
2011), Island fox (Inoue et al., 2012), Moose
(Rostal et al., 2012), Norwegian reindeer (Miller
et al., 2013), Giant anteaters (Sanches et al.,
2013) Black howler monkey (Santos et al.,
2013). It is also possible to find studies on
humans and domestic animals, that use the
hemocitometer, e.g. Humans (Beck et al., 2009),
Ovine (Sousa et al., 2012) and Bovine (Birgel
Junior et al., 2001).
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Figure 2. Neubauer chamber with nine 1x1mm?’

squares. The chamber depth is 0.lmm resulting
in a 0.9mm® volume. The four squares in the
corners are divided in 1/16mm? regions (e.g., 1B
square). The central square is composed by
1/25mm’ regions (e.g., 1A square), each one
divided in 16 smaller regions with 1/400mm>.

The regions used for image acquisition are
shown in Fig. 2, in the Neubauer image the five
inner regions are indicated (i.e., 1A, 2A, 3A, 4A,
5A) with 1/25mm? each, and the four peripheral
regions (i.e., 1B, 2B, 3B, 4B) with an area of
1/16mm’, that were selected as the regions of
interest (ROI) for RBC counting. Images with
two focal setups were registered for each one of
these ROIs. The first focal setup was adjusted to
make the cells look dark and sharp (focus 1 -
F1). The second focus (focus 2 - F2) position
was set at 15um beyond the F1 position resulting
in an image where cells present dark and blurry
border with a bright interior. Examples of both
resulting images are presented in Fig. 3. Details
of the two focal setups are presented by Mauricio
(Mauricio et al., 2010).
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Figure 3. Images of Canis familiaris -bloo.cll sample in a Neubauer chamiaer acquired using focus (a) F1
and (b) F2. 200 X.

An Olympus BX41 optical microscope (Olympus Corporation, Tokyo, Japan) with

(Olympus Corporation, Tokyo, Japan) with a
20X planar objective was used for wild animal
samples. An Olympus DP12 digital camera
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2048x1536-pixel resolution is used to save
images in lossless JPG (Joint Photographic
Experts Group) compressed format.
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Three chambers for the Leopardus pardalis and
Nasua nasua and two for Cebus apella were
prepared for image capture, totaling 8 sets of
images. Diluted blood was prepared at a 1:200
ratio using 10ul of blood sample and 1990ul of
saline solution (NaCl at 0,9%) (Mauricio et al.,
2010; Santos, 1999).

A Leyca DMLS optical microscope (Leyca
Microsystems, Wetzlar, Germany) with a 20X
planar objective was used for domestic animal
samples. A Motic digital camera (Motic, Hong
Kong, China) with 1280x1024-pixel resolution
was used to save images in lossless JPEG
compressed format. Diluted blood was prepared
at a 1:201 ratio using 10pl of blood sample and
2000yl of saline solution (NaCl at 0.9%)).

Four counting methods, named Manual Count —
MC, Semi-Automatic Count by Image — SACI,
Automatic Count by Image — ACI and Automatic
Count by Impedance - ACIMP were used for
evaluating the Image-Based Red Blood Cell
Counter.

Blood samples were manually counted using
Neubauer chambers after preparing samples
according to the protocol described by Santos
(Santos, 1999). RBC counting for the wild
animal samples were performed by the personnel
from the Environmental Laboratory of Itaipu
Hydroelectric, using the Olympus BX41 optical
microscope. For the domestic animal samples,
in-clinic experts from the Veterinary Laboratory
in Sdo Paulo State University-Botucatu Campus,
counted the cells using the Leyca DMLS optical
microscope. Both laboratories followed the
manual count standard procedure recommended
by the International Council for Standardization
in Haematology - ICSH (England, 1994).

An image processing computer software was
developed for aiding expert and non-expert
personnel in the RBC counting using the SACI
method.

The developed computer software first counts the
cells present in the image, then the image
focused at F1, with marked counted cells (e.g.,
red marks), is presented and the user corrects the
count deleting counted debris or including the
cells that were missed. After necessary
corrections are made, the processed images,
including cell centroid coordinates (x,y) and the

Arg. Bras. Med. Vet. Zootec., v.69, n.1, p.75-84, 2017

RBC counting value, are saved for later
comparison. Counted cells are colored (Fig. 4) in
real-time to avoid the occurrences of non
counted cells or cells counted twice.
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Figure 4. Red marks ider;tify the cells counted
with the computer-aided counting software. 200
X.

This on-the-fly counting feedback enables the
user to promptly correct a mark that was added
in the absence of a cell or a mark that was
forgotten in the presence of a cell. By providing
such error control, it is expected that this
computer aided counting method generates more
reliable results when compared to those from the
typical manual assessment method made in
laboratories where no image is registered. The
counting was performed by an experienced
biochemist and two lay collaborators also
following the procedure recommended by the
ICSH (England, 1994).

Since there are two groups of images for ROIs,
namely A and B, the results for the SACI method
in these different areas will be called SACI A
and SACI B. The areas for ROIs A and B can be
seen in Fig. 2. The same identification is used for
the ACI method, the results will be called ACI A
and ACI B.

The ACI method uses images with different
contrast captured at 2 focal settings, F1 and F2
(Fig. 3). Gray scale image erosion is first applied
to the F1 image to evidence the cell’s
overlapping lines in the chamber. An empirically
defined threshold value is used to obtain
segmented cells in binary images for F1 and F2
(Mauricio et al., 2010). Blending (i.e. union) the
two counted images results in smaller number of
missed cells compared to using either one of the
focal setups alone.
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Central coordinates and areas in pixels are
determined for each one of the segmented cells.
The reference value taken as a Typical Area
Value — TAV is the median value of an ordered
vector that includes the areas in pixels of all
segmented regions. Every region within the area
range of 0.5TAV to 1.5TAV is considered cell to
compensate for cell size variation and the grid
lines artifacts.

For the ACIMP counts, the samples were
analyzed using a commercial automatic
hematology analyzer (Hemascreen 18, Ebram,
Sdo Paulo, Brazil) for the RBC count. Samples
from dogs and horses were diluted in its standard
commercial isotonic diluent (Ebraton, Ebram).
This method was applied only for samples of
domestic animals.

RESULTS

Correlation, scatter and difference plots for the
four methods are presented. Fig. 5 presents the
counts distribution for the three methods, i.e.,
MC, SACI A and ACIMP. Tab. 3 presents the
Pearson’s correlation for the counts made by an
experienced  biochemist and two lay
collaborators using the SACI.

The results presented in Tab. 3 show very high
correlations for the three operators (Biochemist,

Layl, and Lay2), therefore, the average of the
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SACI method will be taken for comparison with
the other methods.
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Figure 5. Manual counting compared to

automatic and computer aided counting results
for the ROI A.

Table 3. Pearson’s correlation for three observers
performing the Semi-automatic count by
image-SACI

Biochemist Layl Lay2

1.000 0.999 0.999

The result from SACI compared to the ACI for
ROIs A and B is presented in Fig. 6 (a) and Fig.
6 (b) respectively. Tab. 4 presents correlation
between the four methods. ROI A is used for
MC, SACI, ACI.
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Figure 6. Computer aided counting compared to the automatic image-based counting. (a) Results for ROI

A. (b) Results for ROI B.
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Table 4. Pearson’s correlation amoni the four methods for domestic animal blood samiles

1.000 0.994 0.979 0.958
0.994 1.000 0.986 0.953
0.979 0.986 1.000 0.944
0.958 0.953 0.944 1.000

# Manual Count

® Semi-Automatic Count by Image
¢ Automatic Count by Image

4 Automatic Count by Impedance

Difference plots for methods MC, SACI, ACI are presented in Fig. 7 (a) and 7 (b).
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Figure 7. Difference plots for RBC count in ROI A(a) and ROI B(b). Automatic count by image and
Semi-automatic count with wild and domestic samples, without outliers.

One example of alteration of sample quality is The effect of using samples with such artifacts

shown in Fig. 8. In Fig. 8 (a) most cells are as can be seen in the difference plot Fig. 9. Three

expected and in Fig. 8 (b) many cells became additional samples that presented artifacts are

larger and transparent. considered, resulting in three outliers, all under
the identity line.

__u= -Il=___l_

it

___I
Figure 8. (a) cells with expected appearance and (b) altered cells (larger and transparent) taken from part
of ROIs 1A, 2A.
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Figure 9. Difference plots for RBC count in ROI B. Image based and Biochemist count with wild and

domestic samples, with 3 outliers.
DISCUSSION

The manual method is used for the RBC
assessment in hemograms of wild animals in
many recent research projects (Goldstein et al.,
2011; Inoue et al., 2012; Miller et al., 2013;
Norberg et al., 2011; Rostal et al., 2012; Sanches
et al., 2013; Santos et al., 2013), and it is often
used as the gold standard. In Fig. 5 the MC was
used as the reference method. The plot shows a
good agreement for the MC, SACI, and ACI
methods. Tab. 1, 3, and 4 present the Pearsons’
coefficient correlations.

In comparing different methods for the RBC
assessment it is important to find a single gold
standard. That is an important and difficult task,
because each method has advantages and
limitations. Therefore, to select one method for
reference, several factors were considered.

The manual counts are affected by human
counting errors (Becker et al., 2008). Thus,
comparing the ACI results with the MC might
bring more uncertainty to the comparison
process. Also comparing them with those from
the ACIMP could include a sample preparation
bias due to the fact that sample preparation is
automatic for this method, opposed to the manual
sample preparation for all other methods
discussed here (i.e., MC, SACI, and ACI
methods). Different sample preparation can lead
to different results due to small variations in
dilution of blood and Neubauer chamber filling.
Considering all these factors, the SACI method
was adopted as the gold standard.

Pearson correlation coefficient for the MC
method is better for SACI than for ACIMP (i.e.
r=0.994 and r=0.958 respectively) (Tab. 4).
Additionally, all three methods in Fig. 5 are
clinically valid since deviation among them is
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small. The SACI method reduces human
counting error by providing the user with the aid
of a graphical interface which helps the user to
document and to differentiate counted from non-
counted cells and allows real-time correction of
possible errors.

One generally observed cause for the differences
between different observers in manual counting,
even following the manual count standard
procedure, is due to the fact that it is challenging
having every person considering the same cells
as valid cells in a given ROI. Even with that
difficulty, three different observers (e.g.
Experienced  biochemist and two lay
collaborators) using the SACI method to count
the cells, have produced results with high
correlation, » > 0.99, as shown in Tab. 3. This
result demonstrates that the SACI method has the
potential for avoiding common errors in the
manual assessment, allowing the recording of the
results with the possibility of latter counting
verification, which is not possible in the manual
method where no visual record is made.

MC-to-ACIMP,  SACI-to-ACIMP,  ACI-to-
ACIMP correlations of 0.958, 0.953 and 0.944,
respectively, were found. When the same sample
preparation was used, which is the case for MC,
SACI, and ACI methods, similar results were
found.

Improvements in results are shown from ROIs A
to B (Fig. 6). Inspection of the images for the
ACIT results shows that the presence of grid lines
in the images may lead to missing some cells in
the count. These findings are confirmed in the
difference plots, where images with fewer grid
lines present better results than images with too
many background markers (Fig. 7(a) and 7(b)).
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Along the experiments, three samples presented
alterations in cell size, shape and opacity. These
samples were not considered in Fig. 7(a) and
7(b). The alterations were detected through
visual inspection. The alterations and results for
these samples can be seen in Fig. 8 and 9. While
this kind of inspection can provide additional
information for the clinician that can be useful in
the diagnosis process, this result also shows a
possible drawback of the ACI method since it
shows that abnormal cells might lead to larger
errors. Errors in the range shown in Fig. 9 (e.g.,
0.94 million cells per pL in a 5.02 million cells
per uL count) represent a maximum percent error
of 18% which is larger than that known for
manual assessment (Lehner et al., 2007). When
only normal samples are used, the largest percent
error is 5% (Fig. 7(b)).

Due to the fact that the main purpose of this
proposed method is to replace or aid human
counting, it is important to observe that the
correlation between MC and ACI results is » =
0.940 and 0.979 (Tab. 1 and 4 respectively)
leading to a reliable and clinically useful result.
Additionally, if the SACI method is considered,
the correlation grows to 0.994. The additional
effort is having a human observer that can
correct the counting of a few cells after the SACI
presents the preliminary image with counted
cells. This procedure is aided by the user
navigation through a graphical interface.

CONCLUSION

The results indicate that both the ACI and SACI
methods can provide clinically useful results,
improving the efficiency and confidence of the
results specially in clinics working with multiple
species since the method is self adaptable for
variations in cell size and number of cells. Tab. 2
shows that the species used in the tests present an
RBC interval of 3.47-11.0 x10%pL, this interval
enables the method to count RBC of several wild
animal species. The methods are also capable of
image recording that allows good test
documentation and latter counting re-evaluation
when needed.
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