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Identification of malaria parasites by fluorescence
microscopy and acridine orange staining
G. T. SHUTE' & T. M. SODEMAN2

The need for a technique that is more sensitive than the use of Romanowsky-stained
thick blood films for detecting malaria parasites at low concentration in the blood is well
recognized. One of the more promising methods appeared to be fluorochrome staining with
acridine orange. However, reports on the efficacy of the technique were contradictory and
it was not clear to what extent blood films taken under survey conditions would contain
fluorescing artefacts that might confuse diagnosis. An investigation indicated that, provided
reasonable care was taken, bloodfilms made under survey conditions containedfew confusing
artefacts. However, it was found that, while acridine orange staining might have a slight
advantage when large malaria parasites were present, it was inferior to routine Romanowsky
staining for the detection ofyoung trophozoites, the inferiority becoming more pronounced
as the parasite concentration decreased.

An investigation was undertaken in the Philippines
into the practical application of fluorochrome stains
for the identification of malaria parasites. These
stains, initially used by Hagemann (1938) for detect-
ing Mycobacterium tuberculosis, were reported to give
good visualization of Plasmodium by Bock & Oester-
lin (1939). Although Metcalf (1945) thought that,
because of its simplicity, the employment of fluores-
cence microscopy might be of value for the identifi-
cation of malaria parasites in routine surveys, Fuhr-
mann (1962) found that in thick smears the parasites
were hardly discernible owing to the intense fluores-
cence of the white blood cells. He also observed that
owing to technical difficulties fluorochrome stains had
no obvious advantage over conventional stains in the
diagnosis of malaria.
Some more recent investigations have indicated

that acridine orange staining might be more sensitive
than the Romanowsky technique for the detection
of malaria parasites. For blood parasites, Ambroise-
Thomas et al. (1965) considered that acridine orange
was superior to the standard May-Grunwald Giemsa
method, and Sodeman & Jeffery (1968) believed that
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the use of fluorochrome stains could allow more
efficient evaluation of the effects of malaria eradica-
tion programmes or mass chemotherapy programmes
and could prove useful in identifying malaria carriers
among blood donors. The method was described and
its assessment recommended by the WHO Scientific
Group on Parasitology of Malaria (1969). Subse-
quently the technique was further developed by
Sodeman (1970) for thick blood films and by Ri-
chards et al. (1969) and Janis et al. (1970) for thin
films. Most of these observations were made under
experimental laboratory conditions but Seitz (1971),
using the thick-film technique in a survey of Nigerian
schoolchildren, found that, while the method was
superior for identifying gametocytes of Plasmodium
falciparum, it was inferior and more time-consuming
for detecting the young trophozoites.
The objectives of the investigation reported here

were (1) to investigate the technical aspects of acri-
dine orange staining for the routine examination of
thick blood films; (2) to determine the accuracy
with which malaria parasites could be identified; and
(3) to determine the relative advantages of acridine
orange and Romanowsky staining especially with
reference to making positive identifications when the
parasite counts were low. The work was carried out
in the laboratory of the International Malaria Eradi-
cation Training Centre (METC), Manila, Philippines.
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MATERIALS AND METHODS

During the initial observations some further im-
provements on the staining methods as previously
described (WHO Scientific Group on Parasitology of
Malaria, 1969; Sodeman, 1970) were developed. The
technique is described below.

Acridine orange stock solution in water (10 g/l) was
allowed to mature for 4 weeks before use. It was

then diluted with Sorensen's 1/15M phosphate buffer
solution, pH 6.4, to form a solution containing
0.25 g/l, which was used for staining (in place of
one containing 0.1 g/l at pH 5.4). The staining solu-
tion should normally be renewed every 2 or 3 days,
although if it is filtered after the first day and stored
in a dark jar it appears to stain effectively for at
least a week. Thick blood films were found to haemo-
lyse and stain best if kept for 24-48 h before pro-

cessing. It is generally considered that Giemsa-
stained thick blood films should have an average of
about 20 white blood corpuscles per field for routine
oil-immersion microscopy. This type of film was

found to be too thick for acridine orange staining
and it was necessary to reduce the thickness of the
film by approximately half.
The films were haemolysed in distilled water for

2 min, immersed while still wet in a jar of acridine
orange solution (0.25 g/l) for 8-10 s, dipped briefly
in two changes of distilled water, left soaking in
a jar of distilled water for 3 min, and allowed to dry.
Local tap water (pH around 7.0) could also be used
for rinsing the slides.
A Tiyoda fluorescence microscope, model FM200A,

was used with paired x 10 wide angle ocular lenses,
achromatic x 20 and x 40 objectives, a dark ground
condenser, and an HBO200 mercury vapour bulb.
Exciter filters UVA and BV were the most suitable
combination (UVA is equivalent to the Zeiss BG12
and the BV to the BG38). A no. 3 barrier filter,
having a cut-off at 51 nm, was the standard used but
reference was made to the no. 2 filter (which had a

cut-off at 41 nm) to reveal the pigment.
At x 100 magnification ( x 10 ocular and x 10 ob-

jective), the smaller forms of the parasites were fre-
quently undetectable except when in large numbers.
The lowest feasible magnification was deemed to be
x 200 (x 10 ocular and x 20 objective); occasional
recourse being had to x 400 (x 10 ocular and x 40
objective) for confirmation of diagnosis.

Prior to examination, the back of the slide was

rubbed with a tissue or cotton wool moistened with

ethanol to remove the surplus acridine orange. Fail-
ure to do this caused the stain to contaminate the
immersion oil between the slide and the dark ground
condenser.
A small drop of distilled water was placed on the

film and covered with a cover slip. This procedure
considerably increased the clarity of the fluorescing
parasites. Contact between the slide and the conden-
ser was made with a drop of fluorescence-free im-
mersion oil placed on the top of the condenser, which
was raised until the oil touched the bottom of the
slide. Stained slides must be stored in the dark to
prevent loss of fluorescence. They may be restained
with Giemsa for species identification.

In order to compare the diagnostic accuracy of the
acridine orange technique with that of Giemsa stain-
ing, series of blood films were obtained from 3
sources: (a) from patients at the San Lazaro Hospi-
tal, Manila. A daily visit was made to the wards and
blood films were taken from the patients, preferably
newly admitted fever cases. Duplicate blood films
were made from each patient. These films were coded
prior to examination. One series was then stained with
Giemsa and the duplicate films were stained with
acridine orange. This particular series comprised
226 blood films and the results of the two sets
of examinations were not compared until after com-
pletion of the whole trial. Six of these films were
eliminated as the acridine orange staining was un-
satisfactory; (b) 79 blood films from a field malaria
parasite survey. One of them was eliminated as the
acridine orange staining was unsatisfactory; and (c)
a series of 88 selected blood films comprising 75 nega-
tive and 13 positive films all of which had fairly low
parasite concentrations. The positive films were dis-
persed at random among the negative and the results
and placings were unknown to the examiner. The test
was designed to determine how accurately a few
parasitaemias at low concentration could be detected
among many negative films. This series was designat-
ed as the " low-count test ". One of these films was
eliminated as the acridine orange staining was un-
satisfactory.

Examination procedure

All the blood films of this investigation were
examined for exactly 3 min. A timekeeper, using a
stop-watch, instructed the examiner when to start
and stop. On seeing a parasite, the examiner called
out the species and, in the case of P. falciparum, the
presence of gametocytes was also recorded. The
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timekeeper recorded the observations every 15 s on
a form during the 3-minute period. In this way, not
only the positive findings were recorded but also the
frequency of the positive observations. At the end of
each examination the number of microscope fields
reviewed was recorded.

It soon became apparent that considerable prac-
tice and personal adaptation were required in order
to examine blood films through the fluorescence
microscope with confidence. For this reason, one of
us (G.T.S.) carried out all the examinations of blood
films stained with acridine orange while the Giemsa-
stained films were examined by co-workers' of
T.M.S.). As a routine, blood films stained with acri-
dine orange were examined at x 200 magnification,
fairly frequent recourse to x400 being required to
confirm the diagnosis. This inevitably slowed the rate
of examination, which is reflected in the average
number of fields examined per 3 min. Giemsa-
stained fihms were examined with a Wild M20
microscope (x 100 oil-immersion objective and x 6
oculars). This combination is referred to in the test
as the " standard oil-immersion system ".

Confirmation of positive findings in mild infections
with the fluorescence microscope presented a slight
problem. In practice, there was rarely doubt when
viewing the more mature parasites (P. vivax and
gametocytes of P. falciparum). By turning from
the no. 3 barrier filter to the no. 2 filter, the pigment
became very clear and this proved to be a great
diagnostic aid. However, the problem of confirming
the small trophozoites remained. Marking the para-
site with a diagnostic marker and restaining with
Giemsa was attempted, but in practice this proved
to be unsatisfactory. The following was the system
finally adopted. In any instance in which a positive
diagnosis had been found with the fluorescence micro-
scope and not confirmed by previous examination
of the Giemsa film, the Giemsa film itself was re-
examined for a minimum of 500 oil-immersion fields.
If a negative finding was still recorded, then it was
considered that diagnosis made by the fluorescence
technique was incorrect. In practice, the Giemsa-
stained film was usually examined for 700-800 fields
before finally being declared negative, and in no
instance did the prolonged examination reveal a
trophozoite that had been missed previously. As the
results were not compared until all the examinations
had been completed, none of the reexaminations was
carried out until completion of the trials.

1M1iss C. 0. Felizardo and Mrs. C. R. Del Sol.

RESULTS

Comparison of volumes of blood reviewed by fluores-
cence microscopy and standard oil-immersion
The area of the oil-immersion field of the Wild

M20 microscope is 0.0254 mm2, while the area of the
field of the Tiyoda fluorescence microscope with x 10
oculars and x 20 objective is 0.636 mM'. An ex-
perienced microscopist can examine 100 oil-immer-
sion fields, i.e., 2.54 mm2, in 3 min. In the present
trials, an average of 54.8 fields was examined with
the fluorescence microscope, i.e., 34.85 mm' per
3-minute examination. Thus it appears that, with
the fluorescence microscope, the area examined was
13.5 times greater than with the oil-immersion system.
If, then, the necessity of reducing the thickness of the
thick film by about half is taken into consideration,
the actual volume of blood examined by the fluores-
cence system would be approximately 6 times that
of the standard oil-immersion system.

Variations in diagnosis
Differences between the acridine-orange-stained

blood films taken in the hospital and those taken
in the other two series, which were collected in the
field, were negligible. Distractors in the form of
artefacts, which were expected to occur in the field
material, were not noticeable. From the point of view
of assessment, therefore, all the material has been
grouped into one series comprising blood films col-
lected from hospital wards and from a survey, and
those subjected to the low-count test. The results
of all confirmed infections are summarized in Table 1.
In addition, 8 blood films that were not examinable
by the fluorescence system were eliminated from
both the Giemsa and acridine orange series. Whereas
the actual procedure for staining with acridine orange
is not complicated, an occasional blood film would
stain unsatisfactorily for unexplained reasons. No.
Giemsa-stained film could not be examined.
The fundamental difference in diagnosis between

the two systems may be most easily appreciated by
separating the infections into species (there were two
mixed infections with P. vivax and P.falciparum). The
results are summarized in Table 2. All 29 confirmed
infections withP. vivaxwere detected byboth methods.
However, with P. falciparum, a contrast may be
detected between the systems. Of the 103 confirmed
infections, 92 were detected by standard microscopy,
whereas 96 were found by the fluorescence method.
Thus 11 of the confirmed infections were not detected
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Table 1. Confirmed results of blood film examinations from hospital wards and surveys

Plasmodium
Blood slides

Designation falciparum

examined positive negative tropho- gameto- vivax
zoites cytes

hospital 220 135 85 64 91 24

survey 78 14 64 14 3 1

low count test 87 13 74 6 9 4

Total 385 162 223 84 103 29

by the original examination by standard microscopy.
However, the fact that 7 infections detected in the
Giemsa-stained series were not detected in the exami-
nation of the acridine-orange-stained series indicates
that these infections were missed by the microscopist
even though the parasites almost certainly passed
under review during the examination. At the same
time it appeared that the larger parasites (P. falci-
parum gametocytes and P. vivax) were being re-
cognized as accurately by fluorescence microscopy
as by the standard method (and possibly more so).
This suggested that the difference between the results
with the two techniques was related to the size of
the parasite and the parasite count-the accuracy
of the fluorescence technique declining as the size
of the parasites decreased in infections with reduced
parasitaemia. This impression was tested and con-
firmed in two ways:

(1) Effect of the parasite count on detecting small
parasites (P. falciparum trophozoites). In all the
falciparum infections the counts of the trophozoites
and gametocytes had been made separately. The
trophozoite counts were extracted and arranged into

Table 2. Comparison of diagnosis by species

Total Number Number
Species confirmed detected detected

infections by standard by fluorescence
microscopy microscopy

P. vivax 29 29 29

P. falciparum

trophozoites 84 83 67

gametocytes 103 92 96 a

a Three of these were misdiagnosed as P. vivax.

groups. A convenient method was to use the classes
used for calculating the parasite density index (PDI)
(Bruce-Chwatt, 1958). The results are shown in
Table 3, which shows that, as the trophozoite counts
declined, the accuracy of identification by the fluores-
cence method also declined. When the parasitaemia
was below 101 per mm3, the standard Giemsa method
had an appreciable advantage.

(2) Effect of the size of the parasite in detecting
infections when the parasite count was low (less than
101 per mm3). For this comparison, the infections
with P. falciparum gametocytes and P. vivax were
grouped together as representing the large parasites.
The numbers diagnosed by the two methods were
then compared and a similar comparison made be-
tween the P. falciparum trophozoites. The results
are shown in Table 4. Of the total of 58 infections
with P. falciparum gametocytes and P. vivax, 54 were
detected by the fluorescence method and 52 by stan-
dard microscopy. However, of the 15 infections with
P. falciparum trophozoites, 14 were detected by stan-
dard microscopy and only 4 by the fluorescence
method.
The number of occasions on which artefacts caused

the fluorescence technique to record a positive diag-
nosis when subsequent prolonged examination of
the duplicate Giemsa-stained film failed to confirm
it was somewhat lower than had been expected. In the
whole series, artefacts were misdiagnosed as P. falci-
parum trophozoites on only 6 occasions (5 occurring
among the hospital smears and 1 among the survey
smears).

CONCLUSIONS

(1) The acridine-orange-staining procedure is
simple, rapid, and well within the competence of the
average laboratory technician.
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Table 3. Comparison of accuracy of diagnosis of P. falciparum trophozoites after
grouping the parasite counts according to parasite density index classes

Number diagnosed

PDI class Parasite count total Standard fluorescence
confirmed microscopy microscopy
infections x 600 x 200

10 25 600 & over 14 14 14

9 12 801-25 600 7 7 7

8 6 401-12 800 5 5 5

7 3 201-6 400 10 10 10

6 1 601-3200 7 7 7

5 801-1 600 8 8 6

4 401-800 8 8 6

3 201-400 4 4 2

2 101-200 4 4 4

1 lessthan 101 15 14 4

Total 82a 81 66

a This total is less than that shown in Table 1, which included 2 mixed infections with P. falciparum
and P. vivax.

Table 4. Influence of the size of the parasite on the chances of its being detected when
the parasite count is less than 101 per mm3 (PDI, class 1)

Total Number Number
number of diagnosed diagnosedSize of parasite confirmed by standard by fluorescence
infections microscopy microscopyx 600 x 200

large - P. falciparum gametocytes & P. vivax 58 52 54

small - P. falciparum trophozoites 15 14 4

(2) The fluorescence of malaria parasites is brilliant
and, whereas occasional misdiagnosis was caused by
the presence of artefacts, these were not considered
to be sufficiently numerous to be a serious handicap
to the use of the technique. However, rather more
care would be required in the preparation and storage
of blood films than is the case for routine Giemsa
staining.

(3) Although infections with P. vivax and the pre-
sence of P. falciparum gametocytes were detected
with perhaps slightly greater facility by the acridine
orange method than with the standard Giemsa tech-
nique, the former did not seem to present a sufficient
advantage to justify its general use.

(4) Detection of the young trophozoites of P. falci-
parum was unreliable, especially when the parasite
counts were low.

(5) It has been envisaged that low-power fluores-
cence microscopy of acridine-orange-stained thick
blood films might be of value for the detection of
malaria parasites at low concentrations. The results
of the foregoing investigations indicate that this is
not the case, especially when diagnosis relies on the
detection of the younger forms of the trophozoites.

(6) Under certain circumstances in which the detec-
tion of small forms of P. falciparum trophozoites
may not be essential, the use of this procedure may
nevertheless be of value and save time.
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R1.SUMmE

IDENTIFICATION DES PARASITES DU PALUDISME PAR LA MICROSCOPIE EN FLUORESCENCE
ET LA COLORATION A L'ORANGE D'ACRIDINE

Une etude a 6te entreprise aux Philippines sur l'appli-
cation pratique de la methode de coloration au fluoro-
chrome dans l'identification des parasites du paludisme.
L'6tude avait pour objectifs: a) d'examiner les aspects
techniques de l'emploi de l'orange d'acridine pour la
coloration en goutte 6paisse; b) de determiner jusqu'a
quel point on pouvait identifier avec precision les para-
sites du paludisme; c) de determiner les avantages relatifs
de la methode de coloration a l'orang6 d'acridine par
rapport a la m6thode de Romanowsky, notamment en ce
qui concerne les possibilites d'identifications positives
lorsque la numeration parasitaire est faible.

L'6tude a 6te effectuee sur 220 malades de l'Hopital
San Lazaro de Manille, sur 79 lames de sang provenant
d'une enquete paludologique sur le terrain et sur 75
lames n6gatives ainsi que sur 13 lames positives a concen-
tration parasitaire faible. Les conclusions ont ete les
suivantes.
La m6thode de coloration a l'orang6 d'acridine est

simple, rapide et parfaitement a la portee du technicien
de laboratoire moyen. En fluorescence, les parasites du
paludisme presentent un aspect brillant et si des erreurs
de diagnostic dues a la presence d'artefacts se sont parfois
produites, on ne peut pas considerer qu'elles aient et6

suffisamment nombreuses pour constituer un obstacle
serieux A l'emploi de la m6thode. Toutefois, la pre-
paration et le stockage des lames de sang exigent nette-
ment plus de soin que la m6thode classique de coloration
de Giemsa.

Bien que la detection de Plasmodium vivax et des
gam6tocytes de P. falciparum semble avoir 6te un peu
plus facile qu'avec la methode classique de Giemsa,
ceci n'est pas suffisant pour justifier une g6n6ralisation
de l'emploi de la m6thode A l'orang6 d'acridine. La
m6thode s'est r6v6l6e peu sfure pour la detection des
jeunes trophozoltes de P. falciparum, en particulier quand
les numerations parasitaires etaient faibles. On pensait
que l'examen en goutte 6paisse coloree a l'orange d'acri-
dine pourrait etre int6ressant pour la d6tection des
parasites du paludisme a de faibles concentrations sous
microscope a fluorescence de faible puissance. Les r6sul-
tats de la pr6sente 6tude semblent indiquer qu'il n'en est
rien, notamment quand le diagnostic repose sur la
d6tection des formes jeunes de trophozoltes.
Dans certaines circonstances oiu la d6tection des jeunes

trophozoltes ne serait pas essentielle, l'utilisation de
cette methode pourrait toutefois etre int6ressante et
permettre un gain de temps.

REFERENCES

Ambroise-Thomas, P. et al. (1965) Bull. Soc. Path. exot.,
58, 639-643

Bock, E. & Oesterlin, M. (1938-39) Zbl. Bakt.. I. Abt.
Orig., 143, 306-318

Bruce-Chwatt, L. J. (1958) Trans. roy. Soc. trop. Med.
Hyg., 52, 389

Fuhrmann, G. (1962) Z. Tropenmed. Parasit., 13, 24-28
Hagemann, P. K. H. (1938) Munch. med. Wschr., 85, 1066
Janis, B. et al. (1971) Milit. Med., 136, 23-26
Metcalf, R. L. (1945) J. nat. Malar. Soc., 40, 223-229

Richards, D. F. et al. (1969) Amer. J. clin. Path., 39, 4-7
Seitz, H. M. (1971) Z. Tropenmed. Parasit., 22, 136-138
Sodeman, T. M. (1970) Amer. J. trop. Med. Hyg., 19,

40-42
Sodeman, T. M. & Jeffery, G. M. (1968) In: Proceedings
of the Eighth International Congresses on Tropical
Medicine and Malaria, Teheran, Iran, pp. 1423-1424

WHO Scientific Group on Parasitology of Malaria (1969)
Wld Hith Org. techn. Rep. Ser., No. 433


