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Chagas disease is a tropical parasitic disease caused by the flagellate protozoan Trypanosoma

cruzi (T. cruzi) and currently affecting large portions of the Americas. One of the standard

laboratory methods to determine the presence of the parasite is by direct visualization in

blood  smears stained with some colorant. This method is time-consuming, requires trained

microscopists and is prone to human mistakes. In this article we propose a novel algorithm

for  the automatic detection of T. cruzi parasites, in microscope digital images obtained from
eywords:

attern recognition

mage detection systems

edical and biological imaging

peripheral blood smears treated with Wright’s stain. Our algorithm achieved a sensitivity of

0.98  and specificity of 0.85 when evaluated against a dataset of 120 test images. Experimental

results show the versatility of the method for parasitemia determination.

© 2013 Elsevier Ireland Ltd. All rights reserved.

and up to 10% suffer from digestive (typically enlargement of
.  Introduction

ccording to the World Health Organization [1], the American
rypanosomiasis, also known as Chagas disease, is a poten-
ially life-threatening illness caused by the protozoan parasite
. cruzi. It is found mainly in Central and South America, where
t is mostly transmitted to humans by the faeces of triatomine
ugs. More  than 25 million people are at risk of the disease
nd an estimated 10 million people are infected worldwide,
ostly in Latin America where Chagas disease is endemic.
pproximately 20,000 deaths attributable to Chagas disease

ccur annually [2].

The Chagas disease presents itself in two phases. The ini-
ial, acute phase lasts for about two months after infection.

∗ Corresponding author at: Universidad Autónoma de Yucatán, Mexico.
E-mail address: carlos.brito@uady.mx (C. Brito-Loeza).
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During the acute phase, a high number of parasites circulate
in the blood. In most cases, symptoms are absent or mild, but
can include fever, headache, enlarged lymph glands, pallor,
muscle pain, difficulty in breathing, swelling and abdominal
or chest pain. In less than 50% of people bitten by a triatomine
bug, characteristic first visible signs can be a skin lesion or
a purplish swelling of the lids of one eye. When the Chagas
disease is diagnosed early in this phase and a treatment is
initiated, the patient can be cured. During the chronic phase,
the parasites are hidden mainly in the heart and digestive
muscle. Up to 30% of patients suffer from cardiac disorders
the oesophagus or colon), neurological or mixed alterations. In
later years the infection can lead to sudden death or heart fail-
ure caused by progressive destruction of the heart muscle [2].

erved.
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Fig. 1 – Examples of acquired images at pi

Depending on the phase of the disease some tests can be
useful for making a diagnosis. According to [3] the most typ-
ical tests used for the diagnosis of the Chagas disease are:
blood culture, chest X-ray echocardiogram, electrocardiogram
(ECG), enzyme-linked immunoassay (ELISA), and peripheral
blood smears. Up to date, one of the most effective ways of
detecting the Chagas disease in its initial phase is through
the ELISA test. Another commonly used method is the Chagas
Stat-Pak rapid immunochromatographic test [4], which pro-
vides a performance comparable to that obtained with ELISA.

Screening blood donors for Chagas disease is of much con-
cern in all Latin American countries. Although the World
Health Organization (WHO) expert committee and some
guidelines recommend a single ELISA test to screen blood
donors [5], in some countries, such as Brazil, there is a more
restrictive regulation, recommending two simultaneous tests
of different techniques [8], performed in parallel. One of the
tests that can be performed in parallel is the inspection of
peripheral blood smears.

A peripheral blood smear is basically a glass microscope
slide coated on one side with a thin layer of venous blood. The
slide is stained with a dye, usually Wright’s or Giemsa stain,
and examined under a microscope. Even though visual detec-
tion of the Chagas parasite through microscopic inspection of
peripheral blood smears is the most simple used technique
for parasitemia determination, it is a time-consuming and
laborious process. When the number of blood screenings per-
formed in a laboratory increases, it becomes a problem. To
cope with this problem, we introduce an automatic compu-
tational method for the detection of Chagas parasites. The
proposed method is a first step in the process of building a
more  complex and efficient machine learning based model to
automatically detect a variety of different parasites affecting
human beings.

Chagas disease detection using automatic image  analy-
sis is, to the best of our knowledge, not yet studied as it is
evidenced by the lack of publications on this topic. A first
attempt was reported in [6] where Chagas parasite dectec-
tion is done through a simple Gaussian discriminant analysis
method applied directly to the images in gray scale, without
any other preprocessing.
A closely related work is a laser based method for the
detection of blood cells infected with Malaria [7]. Although
this method may also be used for the Chagas disease, its
widespred adoption is limited because of the need to use a
esolution of 2048 × 1536 with 100× zoom.

UV laser currently only available in large sophisticated instru-
ments. Our current research work focuses in the application
of image  processing algorithms and the development of a
low-cost diagnostic device that can be affordable for Latin
American health institutions.

2.  Methodology

2.1.  Image  acquisition

A group of mice were infected with an inoculation of 5 × 104

blood trypomastigotes of Trypanosoma cruzi via intraperi-
toneal. The parasitaemia detection started in average between
11 and 15 days afterwards. At this time the blood smears were
prepared and stained using Wright stain, which allows the
observation of the morphology of different blood cells, as well
as parasites such as T. cruzi, Leishmania sp., Plasmodium sp.,
etc. After the staining process the blood smears were placed
vertically and were left to dry. Finally, an optical Nikon Eclipse
E600 microscope was used to take images. First at 10× and
then at 100×, see Fig. 1.

Mathematically we  will denote by I(x, y) :  ̋ ⊂ R2 → R3 a color
image in the RGB format [9]. Here  ̋ is the bounded two  dimen-
sional domain where the image  is defined and (x, y) ∈ ˝. We
also define p(x, y) = [r, g, b]T to represent a point of I(x, y), also
called a pixel, in the RGB space where r, g and b stand for the
red, green and blue channel information.

2.2.  Pre-processing

The captured raw images are large in size and possibly noisy.
They also may contain more  than one parasite and a number
of artifacts such as white blood cells, other living organisms
or undesirable stain spots. Using these raw images as input
to a detection algorithm may not deliver the best outcome.
Therefore a pre-processing step is applied to remove all not
required features and to create easier to handle sub-images of
smaller size.

It was noted that the blue and green channels provide infor-
mation that allow us to identify the cellular structures of the

parasites. For those pixels belonging to the kinetoplast of the T.
cruzi, it was observed that, most of the time, the blue channel
has intensity values which are greater than those values of the
same pixel in the green channel. This property is significantly

dx.doi.org/10.1016/j.cmpb.2013.07.013
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Fig. 2 – Illustration of the differe

ess frequent in pixels of not stained regions of the blood sam-
le. Therefore, as a first step, we created a new image  BG(x, y)
y computing the difference between channels blue and green.

Histogram distribution computed over the BG image  in a
umber of tests showed that it is easy to identify by a sim-
le thresholding the kinetoplast and nucleus of the parasite.
o this end, we  construct a binary mask BGT(x, y) :  ̋ ⊂ R2 → R
sing the following rule over all (x, y) ∈ ˝:

GT(x, y) =
{

1 if | BG(x, y) |> T

0 otherwise
(1)

here T is a thresholding value that was found by applying
he local thresholding method [10] over each one of the 60
mages from the training set containing parasites. Each com-
uted value was stored in a vector [T1, T2, . . .,  T60] and finally
he mean of this vector taken as the best T. By using this

ethodology, we found T = 50 to be the best value.
As the next step, the labeling algorithm from [11] is used

n the BGT mask to uniquely label subsets of connected com-
onents. Labeling is a method that assigns the same value

label) to all pixels belonging to the same region. This value is
nique among different regions. Through such a labeling pro-
ess we  can compute the number of existing regions in BGT.
he labeling process is helpful because, in addition to the T.
ruzi, some unwanted subsets such as blood cells or platelets
ith similar distribution to that of the kinetoplast and nucleus
aybe still present. White blood cells are larger in size than

latelets and cellular elements of the parasite hence easily
emoveed using area discrimination. First, area of each sub-
et is computed by counting the number of its pixels and this
alue compared against a maximum area threshold. If a region
xceeds such a threshold all its (x, y) entries are re-assigned
o zero. Using a similarl procedure, very small stain spots can
e eliminated using a minimum area threshold. At the end,
e obtain a polished BGT mask with zero or a small quantity
f artifacts. However the rest of the protozoario’s body is lost

n the process hence this process cannot be called a true par-
site segmentation. For the remaining subsets in BGT, their
entroids are computed to create a sub-image IS(x, y) of size

56 × 256 from the color image  I(x, y) around each centroid. In
ig. 2 we  illustrate the pre-processing stage with an example.
ote that as output of this stage for this example, we have the

ub-image in Fig. 2(a) and the filtered BGT mask in Fig. 2(c).
eps of the pre-processing stage.

2.3.  Segmentation

To this point what we have is a set of sub-images reduced
in size and possibly the location (white regions in the fil-
tered BGT mask) of the kinetoplast and nucleus in each one
of these images. We  may use the sub-images set as input
to the detection algorithm, however, our tests indicate that
a segmented image  of the parasite body delivers much bet-
ter results. For this reason a simple but efficient segmentation
algorithm based on the Gaussian classifier method [12,13] was
implemented for that purpose.

Segmentation is a procedure employed to divide an image
in several regions. This process makes a change in the image
representation, allowing to perform an easier analysis [14]. In
our algorithm the images were segmented in two  regions or
phases: background and foreground. The background consists
of the elements in the image  that are not of interest. Such
uninteresting elements are basically those which were not
stained. The second region, known as foreground or region
of interest, consists of those elements whose pixels did get
stained.

On what follows we will briefly describe the binary Gauss-
ian classifier method [15] that discriminates between the two
different pixel classes: stained and non-stained. In our algo-
rithm, we decided to model each class as having unimodal
Gaussian distribution.

In order this method to perform, the mean vector � and
covariance matrix C for both classes need to be pre-computed.
To this end, two large sets of images were used to build the
classifier model. One set of images containing stained pixels
(positive training examples) and the other one non-stained
pixels (negative training examples). Before any computation
is performed, the image  is passed through a median filter
to reduce noise. Then the mean vectors of both classes are
computed as

�s = 1
Ns

[
∑

r,
∑

g,
∑

b]
T

and �ns = 1
Nns

[
∑

r,
∑

g,
∑

b]
T

(2)

where Ns and Nns are the total number of pixels in each
set respectively. And the covariance matrices, also for both
classes, at any pixel p are computed as
Cs = E[(p − �s)(p − �s)T] and Cns = E[(p − �ns)(p − �ns)T] (3)

where E represents the expectation.

dx.doi.org/10.1016/j.cmpb.2013.07.013
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Fig. 3 – Final segmentation step: (a) segmented image using the Gaussian classifier still with many  artifacts, (b) filtered BGT

mask and (c) final segmentation.

Once the parameters, � and C have been obtained, the clas-
sification is done using a Bayesian decision rule for minimum
cost. Using this decision rule, a pixel p is considered as an
stained pixel if

p(p|stained)
p(p|non stained)

≥� (4)

where p(p|stained) and p(p|non stained)  are the class-conditional
probability distribution functions of stained and nonstained
colors and � is a threshold. It can be shown that the former
decision rule is equivalent to

[(p − �s)TC−1
s (p − �s)] − [(p − �ns)TC−1

ns (p − �ns)] ≤ � (5)

where the value of � that minimizes the total classification
cost depends on the a priori probabilities of stained and non-
stained pixels and it was determined empirically. Basically the
classifier computes the Mahalanobis distances between p and
the stained pixels distribution and between p and the non-
stained pixels distribution. If condition (5) is true, then the
pixel p is classified as stained (background). In practice, we
selected � = 0.

As a result of this segmentation we obtain regions of inter-
est that contain the parasite. As it usually occurs in this type of
classifiers some other and non wanted artifacts may be clas-
sified incorrectly as foreground. In our problem, white blood
cells and platelets lightly stained may have this problem. In
this case, it is difficult to discriminate by area as we did in the
pre-processing stage, mainly because several of these regions
have similar sizes.

To solve this problem, the final step combines the results
from the Gaussian segmentation method and information
previously obtained from the pre-processing stage. In partic-
ular the location of the kinetoplast and the nucleus of the
parasite contained in the BGT mask will be used. The final
segmentation setp works as follows: if a region segmented by
the Gaussian classifier contains at least one element belong-

ing to the kinetoplast or the nucleus, the region is considered
of interest. In other words, the final segmentation is an inter-
section of the results produced by both basic methods. An
example of this process is shown in Fig. 3.
2.4.  Classification

In the final stage our algorithm decides whether a given sub-
image belongs to one of two possible classes: parasite or non
parasite. Here a simple k-nearest neighbors classifier [16]. The
input to this classifier are the segmented images from the seg-
mentation process described in previous section. Examples of
these images are presented in Figs. 4(a)–(d). In simple words,
we implemented a binary classification method based on the
histogram of the segmented images. A diagram of the whole
process is presented in Fig. 5.

3.  Validation  and  experimental  results

To evaluate the performance of the algorithm we  use the well
established technique of cross-validation [17] to assess how
well our results will generalize to a different and independent
data set. We  ran 10-fold cross-validation experiments i.e. we
randomly partitioned the data set into 10 complementary sub-
sets of images, performed the analysis on nine subsets and
validated the analysis on the other subset. To reduce vari-
ability, we ran three different rounds of cross-validation using
different partitions.

For every admissible partition of each 10-fold cross-
validation experiment, also called an iteration, two  reference
values were calculated: sensitivity and specificity [18]. Sensi-
tivity is the probability that the classifier would consider an
example as positive, given that the example is truly positive.
Sensitivity is computed using the formula

sensitivity = TP

TP + FN
(6)

where TP represents the number of true positives, which is
the number of positive examples classified as positive and FN
represents the number of positive examples classified as false.

Specificity is the probability that a negative example will
be classified as negative, and it is calculated using

specificity = TN
(7)
TN + FP

where TN is the number of true negatives and FP is the number
of false positives [18].

dx.doi.org/10.1016/j.cmpb.2013.07.013
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Table 1 – Sensitivity of the k-nearest neighbors binary classifier fed with segmented images. Three runs of
cross-validation experiments, each one containing 10 iterations are shown.

Round Obtained sensitivity for each round and iteration
i1 i2 i3 i4 i5 i6 i7 i8 i9 i10 Mean

# 1 0.87 1 1 1 1 1 1 1 1 1 0.99
# 2 1 1 1 0.83 1 1 1 1 1 1 0.98

s
a
e
t

F

# 3 1 0.83 1 1 1 

In Tables 1 and 2 respectively, we show the obtained sen-
itivity after three rounds of 10-fold cross-validation. Our

lgorithm showed to have high sensitivity being the small-
st value obtained 0.98. The interpretation of this outcome is
hat only two percent of images containing a parasite were

ig. 4 – Segmented sub-images used for cross-validation.
1 1 1 1 1 0.98

incorrectly diagnosed as being free of parasite. From the clin-
ical point of view, a sensitivity equal to 1 is the right value
since every true positive missed by the algorithm will repre-
sent a patient sent home without being given the appropriate
medical treatment. On second thought, it should be consid-
ered that a blood sample from an infected in the acute phase
patient will contain a considerable number of parasites there-
fore reducing the chances of the algorithm to get an incorrect
diagnosis. That is, our algorithm only needs to identify cor-
rectly one of many  parasites in the blood sample to deliver the
right diagnosis. Being that current diagnostic methods are car-
ried out by trained microscopists based on direct visualization
of the parasite and due to the large number of samples they
need to process in a work day, the chances of them delivering
the wrong diagnosis due to tiredness seems very likely.

The second reference value computed to assess our
method is specificity which measures how often our algorithm
classifies an image  free of parasites as an image  non free of
them. On average, our algorithm obtained 0.85, 0.81 and 0.83

of specificity in each round. The consequences of these not
optimal values is that our algorithm will diagnose incorrectly
some patients as having parasitemia. However we  remark that

Fig. 5 – A diagram showing the whole process.

dx.doi.org/10.1016/j.cmpb.2013.07.013
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Table 2 – Specificity of the k-nearest neighbors binary classifier fed with segmented images. Three runs of
cross-validation experiments, each one containing 10 iterations are shown.

Round Obtained specificity for each round and iteration
i1 i2 i3 i4 i5 i6 i7 i8 i9 i10 Mean

# 1 0.8 1 1 0.57 0.78 0.75 1 0.71 1 0.88 0.85

r

# 2 0.5 0.67 1 0.83 1 

# 3 0.5 1 0.83 0.67 1 

our method must be seen as a helping tool for the microscopist
which will evaluate and confirm the results from our method.
From that point of view, our algorithm dismiss more  than 80%
of false positives highly reducing the number of images a clin-
ician has to analyze.

3.1.  Discussion

Some adavantages of our proposed method is that the Cha-
gas detection process becomes automatic and a large number
of blood samples can be examined in very few time. There-
fore, the trained microscopists work is reduced to just validate
the outcome from our computer algorithm. Also sophisticated
equipment is not required to implement our method in health
institutions.

On the other hand, our method in its current state still
needs to improve both, the false negative and the true positive
rates, which are not perfect yet. We remark that our method
is an assisting tool for clinical technicians, therefore the final
diagnostic is always under the supervision of expert physi-
cians.

As part of an ongoing project, our detection algorithm
will be integrated to an automated microscopic system for
the acquisition of images from blood smears. Such a device
will be composed of one optical microscope with a control-
lable electro-mechanical surface specially designed to move
the blood smears as needed by the scanning software. The
microscope will be equipped with a high-resolution cam-
era in order to take the images. Images will be stored in
hard drives to allow their posterior analysis with our Cha-
gas detection algorithm. This device is currently being built
as part of one CONACYT research project on Chagas disease
led by Dr. Ruiz-Piña in México (project code: salud-2009-01-
113848).

In a short future, we  have plans to collect more  clinical data
increasing the size of the training set. As a result, we expect
that both, the sensitivity and specificity of our algorithm, will
improve. Also as part of future work, more  advanced meth-
ods of machine learning will be tested aiming to get values of
sensitivity closer to 1.

4.  Conclusion

In this article we  have proposed an algorithm for the auto-
matic detection of Trypanosoma cruzi parasites in blood sample

images. Evidence presented shows that detection of the par-
asite is successfully accomplished with our algorithm. The
cross-validation experiments show a sensitivity of 0.98 and
specificity around 0.80 in the classification task. As a future
0.75 0.83 0.63 1 0.87 0.81
0.83 0.83 1 1 0.67 0.83

work, we  will test more  advanced classifiers such as Adaboost
algorithms to improve the classification stage.
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