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Feasibility of computer screening of blood films
for the detection of malaria parasites*
MURRAY EDEN,1 JAMES E. GREEN, & ANTHONY SUN

This paper considers the feasibility of automatic screening procedures for detecting
malaria parasites in blood smears prepared in the field. A simple programme for pattern
recognition by computer has been developed for thin blood films that identifies parasites
as densely stained particles within an erythrocyte. The parasites are detected correctly,
but platelets falling accidentally within the outline of an erythrocyte andperhaps reticulo-
cytes may be wrongly classified as parasites. The results indicate that automated detection
ofparasites is technically feasible but that the technique needs to be refined to reduce the
incidence offalse positives. A substantial increase in processing speed is required if the
automaticprocedure is to be economically feasible in screeningprogrammes. The complexity
of the equipment and the needfor wellprepared blood smears point to a possible use of the
technique in laboratory checks but not under usualfield conditions.

It has been known for some time that a visual
image can be represented by a mathematical function,
but only within the past 10-15 years has electronic
technology enabled images to be translated into
numerical form and manipulated by computer pro-
grammes. A number of investigators (see Wied &
Bahr, 1970, 1971) have applied image processing to
a variety of problems of biological and medical
interest; the applications to health science appear
to be particularly attractive and numerous.
The technological development of image-process-

ing systems for the life sciences has centred on clini-
cal applications such as differential leucocyte count-
ing, chromosome karyotyping, and Papanicolaou
smear screening. Here image processing is only the
first step in classifying objects: for example, to
classify cells into the 5 or 6 common types of leuco-
cytes (Ingram & Preston, 1970; Young, 1972). Since
reliable pattern recognition is difficult to achieve,
much effort is being devoted to finding features that
enable the system to make classifications that agree
with those of the medical specialist.

All forms of the malaria parasite are readily
detected by technicians with relatively little training,
although the classification of Plasmodium species is
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more difficult. This suggested that the presence of pa-
rasitic forms might be detected with the aid of a
computer by making minor modifications to existing
programmes and without attempting to develop the
sensitive criteria required for species identification.
Since the epidemiological evaluation of malaria era-
dication programmes, particularly in the later stages,
depends on measuring the prevalence of carriers in
the population, automated blood film detection may
contribute to this task.
Modem instruments provide two distinct ways

of counting or classifying cell types: optical imag
and flow techniques. We have chosen to explore
the former because in principle at least current
methods of field collection and film preparation
would need little change. Flow techniques do not
use films; careful blood dilutions would have to be
made in the field, where expensive equipment would
probably be needed. Optical (focused) imaging uses
standard microscope slides and the slides, once pre-
pared, could be readily transmitted to the computer
system for analysis.
Any new technique needs to be evaluated in com-

parison with current practices as far as possible.
While the laboratory protocols now employed for
screening blood films in WHO's malaria eradication
programme are well documented, their accuracy and
efficiency in field use have not been assessed. Never-
theless, the World Health Organization has suggested
that laboratory services do not give the degree of
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accuracy and efficiency that epidemiological assess-
ment demands. We shall discuss the ways in which
an automatic parasite detection system would affect
the problems that contribute to poor performance
after describing the methods used and the results
obtained in our initial studies.

EXPERIENTAL PROCEDURE AND RESULTS

Giemsa-stained thin films of blood of individuals
with falciparum malaria were obtained from WHO.
The films had been carefully prepared for use in
training laboratory staff and standardization of
counting methods.

In the first experiments the stained films were
photographed through a microscope under a x 100
oil immersion objective and a x 10 eyepiece using
narrow band illumination centred at 530 nm. In
more recent work screening has been done directly
on the microscope image, which eliminates the need
for photography and is closer to the usual procedure.
Fields were selected so as to minimize overlapping
erythrocytes, and to contain at least one parasite-

bearing red cell. No additional selection criteria were
used. The photographs obtained were 35-mm black
and white transparencies. The transparencies were
scanned by a flying-spot scanner with a sample spa-
cing equivalent to 0.31 ,um on the blood film. The
aborbances of the scan points were digitized and
the data stored in the image processing system of the
Cognitive Information Processing Group, Research
Laboratory of Electronics, Massachusetts Institute of
Technology. Each cell in a square field of 35 ,um
on edge was examined separately.
The method of cell location is very similar to the

procedure developed earlier for the measurement of
erythrocyte properties by Green (1970). A transmit-
tance histogram is computed using all the picture
points in the field (Fig. 1, top). The ordinate is the
number of picture points at any given transmittance
or brightness level. Brightness is on the abscissa
increasing to the right. The lower trace of Fig. 1 is
an extension of the histogram to include the lower
(darker) points. A digitized image of this field is
shown in Fig. 2. A P. falciparum trophozoite can be
seen in the central erythrocyte. The image is dis-
played here at only 4 brightness levels, but is stored

Fig. 2. Computer display of the field in 4 levels of grey.
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Fig. 3. Computer display of the same field after setting
background points to zero.

in the computer at the full (64-level) range of bright-
ness. The histogram serves to identify areas by their
brightness; the peak to the right corresponds to back-
ground and the broad centre peak to erythrocytes,
while the long " tail " on the left is here associated
with the parasite.
The computer programme selects the thresholds

used in locating individual cells in the field. When a
leucocyte is present, the densely stained nucleus
(and sometimes the cytoplasm) produces a third
peak of very dense points in the histogram. This,
of course, obscures the presence of a tail suggestive
of a parasite such as appears in Fig. 1, and other
tests are performed to eliminate leucocytes from
consideration. Fig. 3 depicts the same field after the
background has been removed. The threshold can
be seen in Fig. 1 as the central of the 3 vertical marks
just below the abscissa. In addition, red cells touching
the boundary have been removed and a halo of
background 3 picture points wide is retained so that
local brightness can be calibrated.
Each object in the slide is located in turn and

analysed separately. One normal cell from Fig. 2
found by the programme is shown in Fig. 4; its
local brightness histogram is shown in Fig. 5.

Fig. 4. An isolated red cell, with all other picture points
set to zero.

Fig. 5. Histograms of background immediately sur-
rounding the cell (upper trace) and of red cell points
(lower trace).
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Fig. 6. An isolated red cell containing a P. falciparum Fig. 7. Histograms of background and red cell points.
trophozoite. Note the long ' tail "to the left-hand side.

The absorbance of normal erythrocytes is very
homogeneous. In particular, it falls off sharply at
the high absorption end, as the left side of the lower
histogram in Fig. 5 shows. On the other hand, cells
containing parasites exhibit the long tail that cor-
responds to absorbance heterogeneity and is there-
fore presumptive evidence of the presence of a para-
site. The computer steps used to verify the detection
of a parasite are as follows. First the erythrocyte con-
taining the trophozoite is depicted (Fig. 6) and a
histogram of the cell is computed (Fig. 7). The para-
site is then displayed in isolation, and a histogram of
the trophozoite only is produced. Finally, the size
(projected area) and average absorbance are mea-
sured and checked against previously determined per-
missible intervals. Leucocytes and most debris are
rejected by these criteria.

In the first test run performed with malarial blood
films, 8 fields containing over 100 erythrocytes were
analysed. The fields also contained 7 parasite-bear-
ing erythrocytes and 2 leucocytes; 6 fields contained
platelets or platelet clumps of sufficient size to be
detected as objects. Leucocytes, parasites, and pla-

telets were all successfully distinguished from unin-
fected erythrocytes by use of a simple absorbance
threshold. Leucocytes are readily distinguished from
parasites and platelets, since they are much larger
and significantly darker. Parasites within cells can
be readily distinguished from isolated platelets or
platelet clumps.

In a second test run, 23 additional fields and appro-
ximately 1 000 unparasitized erythrocytes were exa-
mined, as well as 7 leucocytes. These fields contained
48 parasites within red cells. All the parasites were
correctly detected by the programme, as were all
white cells present.

Detailed examination of the fields revealed the fol-
lowing. In one field, 2 platelets had settled on red
cells and were detected as parasites. In another, a
reticulocyte was detected as a parasite. In 2 fields,
large clumps of erythrocytes were rejected by the
computer as unanalysable. The fields contained
numerous dirt particles, which were rejected in every
case. One field contained a very dense particle as
large as a cell. Though it did not lead to incorrect
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identification, it changed the detection threshold
substantially.
A third series of fields drawn from the same set of

blood films was examined both to exteind the statisti-
cal base and to test modifications in algorithms. For
example, the programme has been slightly modified
to permit analysis of erythrocyte clumps of arbitrary
size in the field. However, the cells must be touching;
the programme will fail when the cells overlap appre-
ciably, as in thick films. The programme has also
been modified to eliminate leucocytes more simply.
The fields contained 45 parasites, all of which were

correctly detected. The results were in substantial
agreement with the earlier runs, and all leucocytes
were discarded. In one field a small dense particle
(debris?) adhering to the edge of an erythrocyte was
misclassified as a parasite.

DISCUSSION OF RESULTS

To summarize the results so far, trophozoites in
red cells are readily detected by a simple programme.
Every parasite detected by a human observer was
also detected by the computer. Under certain special
circumstances, however, platelets and possibly reti-
culocytes may be detected as parasites.

Histogram measurements are easily made. Our
programmes, which are relatively slow because they
were designed for flexibility rather than efficiency,
can execute the histogram routines in approximately
10 milliseconds. However, the algorithm in its present
simple form will produce a number of false positives.

Occasionally when a blood film is prepared, a
platelet or a dust particle will settle on an erythro-
cyte. Since a platelet or platelet clump can be about
the same size as the early ring form of the malaria
parasite, these two forms can be confused by a
machine programme that uses size (area) and absor-
bance as the only detection criteria. Table 1, which
gives the values observed for the 2 features, shows
that this is possible.
Although platelets may be larger and darker than

the single ring form on average, the size distributions
overlap almost completely and the absorbance distri-
butions are not separated sufficiently to be used
as the sole classification criteria.'

1As Table 1 was computed from photographs of the blood
film, and not from the optical image of the blood film itself,
the value of the average absorbance is subject to systematic
error (because of the nonlinear dose-response curve of the
photographic film). Nevertheless, the relative magnitudes
and order of the absorbance values are preserved.

Table 1. Area and absorbance of various objects in
blood films

Area (11M2) AbsorbanceArea(i~m') (arbitrary units)
Object

Average Standard Average Standard
value deviation value deviation

parasite 4.96 0.51 0.732 0.056

platelet 5.68 0.47 0.897 0.103

leucocyte nucleus 51.0 - 1.190 -

erythrocyte 37.0 - 0.180

A preliminary attempt was made to distinguish
platelets from parasites by measuring average absor-
bances for each object at several different wavelengths
between 480 nm and 600 nm. These are plotted in
Fig. 8. It would appear that preparations stained
with Giemsa stain cannot serve to distinguish plate-
lets from malaria parasites by differential optical
absorption.

Confusion with reticulocytes has not yet been
studied, since the reticular material induces changes
in the histogram unlike the " tails " associated with
parasites, although one error of this type appeared.
The other incidental findings are encouraging. Al-
though the programme was designed to work on
fields in which cells were separated, it performed
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Fig. 8. A plot of absorbance against wavelength for a
platelet compared with a parasite. An aperture approxi-
mately 1 jAm square was used.
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accurately on erythrocyte clumps provided there
were no more than 3-4 cells in the clump.
Debris and leucocytes have not caused false find-

ings, either positive or negative.
One serious problem, from the point of view of

machine recognition, is evidently to distinguish be-
tween a platelet on a red cell and a parasite in a cell.
At x 1000 magnification it is expected that stan-
dard shape-recognition programmes will readily dis-
tinguish P. falciparum trophozoites and gametocytes
from platelets, but at the cost of added complexity.
It is intended to adapt the existing shape-recognition
programmes to this purpose, and to examine more
intensively the differential spectral absorption of
trophozoites and platelets.

Implications for routine machine screening
It must be emphasized that the tests were per-

formed on films of high quality specially prepared for
training. In most of our research on red blood cells
we have used automatic equipment that prepares
films of remarkably uniform thickness. However,
the S 1000 cost of the Platt centrifuge used and its
need for stable electric power will militate against its
general use in the field. The automatic stainer I used
has the same drawbacks. Nevertheless, a purchase
may be justified as part ofa demonstration, training,
or checking programme.

In our studies on erythrocytes we have examined
slides prepared by the usual hand techniques. In a
few instances fields were rejected for processing
because of poor film quality. Lack of uniformity
is not a problem for the trained technician, but
it introduces additional difficulty for computer re-
cognition algorithms. Further technological develop-
ment may enable the computer to assess the quality
of image fields before attempting analysis, but at
present overall slide quality must be judged by the
human operator.

PROPOSED PROCEDURE FOR COMPUTER-AIDED
RECOGNMON

Because the incidence of malaria during the clean-
up phase of malaria eradication programmes will be
less than 1 positive in 2000 films, even a low rate of,
say, 1 false positive in 100 films is much too high.
This suggests that completely automatic screening
for malaria is a distant goal. On the other hand com-
puter-aided recognition, sometimes referred to as
"interactive recognition ", may bring substantial

1 Hematech slide stainer, Ames Co., Elkhart, Ind., USA.

improvement in screening or checking. In computer-
aided recognition, the findings of the computer
programme are regarded as preliminary and are
verified by a competent slide reader.
We envisage the following mode of operation.

(1) The technician examines a slide to see if it is
reasonably well-prepared, i.e., contains few streaks
and gross inhomogeneities. (2) The slide, once passed
as acceptable, is mounted in the scanner. (3) The
computer is programmed to halt if (a) the field can-
not be analysed or (b) a " positive " cell is found.
(4) Tn either case, the field or cell is displayed imme-
diately as a television image or may be viewed direct-
ly. (5) The technician then verifies that (a) the parti-
cular field cannot be read, (b) the finding is positive,
or (c) the finding is incorrect. (6) He pushes a button
to record the result and instructs the computer to
continue its examination. (7) If he is still in doubt he
can instruct the computer to store the image on video
tape and to record the position of the particular cell
on the slide. (8) A pathologist can then view the ques-
tionable images by examining the video tape (as a
television display or by reference to the original film).

Alternatively, all the computer findings made at
step (3) above can be recorded on tape and examined
later. The computer would thus operate continuously
and would not require a technician to be present to
check the findings during the analysis.

All the above computer steps are well within pre-
sent technological capability.

PROPOSED PROCEDURE COMPARED WIT CURRENT

PRACIICE
Workload
We have not addressed this question specifically.

We estimate that the time taken to analyse a blood
film by image processing techniques will not differ
materially from that required by a well-trained tech-
nician. Nevertheless, because current computer hard-
ware is quite reliable, the system (with a videotape
or other electronic picture storage equipment) would
be able to operate at least 16 hours a day, largely
unattended. Technicians are trained to read 100 fields
in 3 minutes. However, for a variety of reasons, a
workload of more than 50 slides a day is excessive,
so that the time spent on actual film reading is
21/2 hours per day. Thus the computer working time
available per day is 6-8 times greater.

Boredom
The psychological effect may be substantial. At

present, a technician may go for weeks and even
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months without seeing a positive film. With a system
analogous to the one described above, he will need
to look at far fewer cells, and will in general see
each cell in isolation (see Fig. 6) without a confusing
background.

Backlog
As indicated above, the computer system can be

run virtually all day without tiring.
Delays in slide transit

Delays in the transit of slides from field to labora-
tory and in reports from laboratory to field would
not be directly affected by changes in film-reading
techniques.

Workload other than routine bloodfilm examination
Number offields examined. This can be varied, so

that if there is reason to examine large volumes of
blood, the computer can be instructed to do so.
There is no saving in time, but the technician is
not kept at the microscope for 10 minutes or more.

Parasite count. The count would be made auto-
matically.

Completion ofreporting system. The reports on each
slide would be printed out automatically, thus avoid-
ing mistakes in manual transcription. None the less,
errors can occur, and an attitude of healthy scepti-
cism should be maintained.

Staining andcleaning ofslides. At present we cannot
say that the quality of routinely prepared blood films
would always be adequate for our current computer
analysis methods.

Supervision
The need for supervision would be unchanged.

Inadequate training of laboratory staff
This problem may worsen if the complex and costly

equipment needed for computer-aided recognition is
used. While commercial computer equipment has
built-in safeguards against misuse, it can be damaged
by inadequately trained staff, and repairs are expen-
sive. However, the computer system can become a
valuable tool in training staff.

Quality ofmaintenance of equipment
Computer equipment needs frequent maintenance

by highly trained technicians. It is unlikely that in-
stallations could be justified where such skills were
not readily available.

Storage and method ofstaining of bloodfilms
As an image processing programme is likely to

require good quality films, the need to minimize
storage time and to ensure adequate staining would
be even more critical than with standard film reading
methods.

CONCLUSIONS

A fairly simple computer programme can identify
red cells containing malaria parasites with high relia-
bility. However, a number of objects, particularly
platelets accidentally located on red cells, are also
identified as positives. In consequence, the false posi-
tive rate may be unacceptably high. Although efforts
are continuing to improve this situation, false posi-
tives will inevitably occur.

Accordingly, an operating procedure has been
suggested that permits a trained observer to verify
the computer's findings. While technically feasible.
it would be uneconomical compared to current tech-
niques unless the false positive rate was diminished
substantially.
A system of the kind used in the work described

here would cost approximately $100 000 to dupli-
cate. A number of questions need to be answered
before such an expenditure can be justified. As al-
ready noted, the false positive rate needs to be re-
duced. Among the technical problems, the speed of
analysis must be substantially increased. So far we
have made no attempt to write efficient programmes
or otherwise increase speed. A technician now scans
a field of approximately 250 erythrocytes (thin film)
in 2 seconds or 125 cells per second. Our current
programmes analyse only one cell per second. We
anticipate, however, that by rewriting the programmes
and modifying the scanning equipment, we can raise
computer rates to human rates.1

Routine field examinations are performed on thick
films. The results of Dowling and Shute (1966)
suggest that reading 100 fields on a thick film, which
contains approximately 35 times as many cells per
field as thin film, is roughly equivalent to reading
1 000 fields on a thin film. We have not yet attempted
to detect parasites in thick films; as our current
programmes detect parasites within red cells, a diffe-
rent programming approach would be required.

1 A technical justification of this assertion goes beyond
the scope of this paper. However, an analogy may be help-
ful. Commercial equipment now recognizes printed charac-
ters automatically at rates above 2 000 characters per
second.
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RtSUMI

PRATICABILITt DE L'EXAMEN SYSTEMATIQUE DES tTALEMENTS DE SANG PAR ORDINATEUR
POUR LA DtTEC1ION DES PARASITES DU PALUDISME

On a emis l'opinion que les services de laboratoire
charges de l'examen classique des frottis de sang ne
fournissaient pas toujours des donnees suffisamment pre-
cises pour permettre une evaluation efficace lors des pro-
grammes d'eradication du paludisme. Les succes obtenus
par les ordinateurs dans la solution de divers problemes
de diagnostic ont incite les auteurs A rechercher si, grace
a eux, il serait possible de deceler les plasmodies dans
les erythrocytes en apportant quelques modifications
mineures aux programmes actuellement existants.
Des etalements de sang pr6leve chez des sujets atteints

de paludisme A Plasmodium falciparum ont ete colores
au Giemsa puis examines par une technique de traitement
par ordinateur analogue A celles d6ja utilisees pour l'etude
statistique des erythrocytes. Les parasites sont identifies
grace A la presence, sur l'histogramme de brillance, d'une
* queue* correspondant A des points de forte densite
optique sur la surface d'un 6rythrocyte. Dans les erythro-
cytes normaux, on n'observe aucune i queue * et seules
sont visibles quelques rares zones non homogenes sous
le rapport de la densit6 optique.
Au cours d'une serie de lectures de frottis, toutes les

cellules contenant des parasites (5% environ des erythro-
cytes presents dans les champs etudi6s) ont etd correcte-
ment identifiees par l'ordinateur. La presence de leuco-
cytes et de debris n'a ete A l'origine d'aucune erreur.
Par contre, deux plaquettes se silhouettant sur un ery-
throcyte et, dans un autre cas, un rdticulocyte, ont dte
assimiles A des parasites. I1 semble que si le taux d'erreur
par non-identification d'un parasite existant est bas, la
proportion des identifications faussement positives risque
d'etre elevee. I1 serait necessaire pour eliminer ces biais
de concevoir des programmes relativement complexes.

Les auteurs estiment que 1'examen des frottis de sang
par les techniques completement automatiques est un
objectif lointain. La complexite de l'equipement, son
couft et la necessite de disposer de preparations d'excel-
lente qualite font que ces techniques pourraient etre
employees dans des laboratoires de controle mais non
dans les conditions habituelles de travail sur le terrain.
En revanche, 1'examen systematique par ordinateur peut
se reveler avantageux s'il est considere comme une opera-
tion prdliminaire dont les resultats sont verifis par un
lecteur de frottis competent.
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