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Red blood cell morphology in falciparum malaria
M. KRUATRACHUE1 & S. NA-NAKORN1

Abstract

The morphology of the erythrocyte in Plasmodium
falciparum infection is still obscure. In a study of
27 cases, uninfected erythrocyte.v were found to be
thinner, but greater in diameter and surface area, than
such cells in 10 normal individuals. The changes were
not correlated with the severity of the disease or the
degree of reticulocytosis. Megaloblastic anaemia was
not present in the malaria cases.

Despite extensive investigations into various as-
pects of Plasmodiumfalciparum infection, little atten-
tion has been paid so far to the morphology of the
erythrocyte in this disease. Fairley & Murgatroyd
(1940) reported an increase in the thickness of the
erythrocytes in a patient with black-water fever, but
Kruatrachue & Harinasuta (1970) found that, in the
same disease, these cells were flattened. However, the
methods used in the two studies were different and in
each case only one patient was studied.
To clarify these conflicting results, the authors

studied the morphology of the erythrocyte and the
antibodies in the sera in 27 persons infected with
P. fakiparum. The results are reported in the present
communication.

Materials and methods
The study was carried out on 27 persons suffering

from falciparum malaria who had been admitted to
the Saraburee and Praputhabath hospitals, both
situated about 100 km from Bangkok. A detailed
case history was obtained from 23 of the patients, in
most of whom the fever had started 4-5 days before
they were first seen, except for one (No. 3 in Table 1),
whose illness had begun 1 month before admission.
About 12 ml of venous blood were drawn from

each patient and 10 ml were placed in a clean, dry
test tube to be used for immunological studies. The
remainder was put into a dry EDTA tube and kept in
ice at 4°C for determination of the haemoglobin
level, the microhaematocrit, and the erythrocyte
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count. The haemoglobin and haematocrit were deter-
mined in the usual way and the erythrocyte count
was performed by automatic Coulter counter. All
determinations were carried out within 12 hours of
blood collection. A thin blood film was also prepared
from each patient and stained with Wright's stain.
None of the patients had received either a blood
transfusion or antimalarial drugs before the study.
The erythrocyte values were measured as de-

scribed by Kruatrachue & Harinasuta (1970). The
diameters of approximately 500 noninfected erythro-
cytes from each patient were measured with a Leitz
ocular micrometer under an oil immersion lens. The
mean and standard deviation were then computed.
As a control, the erythrocyte values were measured
in 10 normal individuals by the same method. All
the measurements were made blindly by the same
person, and their accuracy was checked by compari-
son with the means of 100 diameters of erythrocytes
taken from each of 2 blood films from the same
individual.
The following tests were also carried out: (1) deter-

mination of haemoglobin types in each patient by
means of starch gel electrophoresis as described by
Smithies (1959) and estimation of the amount of
haemoglobin A. by DEAE Sephadex column ac-
cording to the method of Huisman & Dozy (1959);
(2) direct and indirect antiglobulin tests, performed
with polyvalent antiglobulin serum ' within 2 hours
of blood collection; (3) determination of cold and
warm agglutinins in the sera, using normal and
trypsinized 0 cells, by means of the method de-
scribed by Dacie & Lewis (1968); and (4) determi-
nation ofanti-A and anti-B titres in the patients' sera.

Results

Of the 27 cases of falciparum malaria, 9 were
discarded from the study: 2 of them because they had
haemoglobin E in their erythrocytes and the other 7,
despite possessing normal haemoglobin, because one
or more of the values of mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH), or
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mean corpuscular haemoglobin concentration
(MCHC) were 2 standard deviations above or below
the normal means for Thais (the normal means and
standard deviations of MCV, MCH, and MCHC
were 84.8 ,um 3 + 8.05, 33.0 ng ± 2.54, and 33.2% ±
2.42, respectively (Na-Nakorn et al., 1966)). The
erythrocyte diameters and thicknesses in the dis-
carded cases varied between 7.32-9.10 ,um and
1.14-2.24 ,m, respectively. The remaining 18 cases
were included in the statistical analysis. They were
divided into 2 groups according to whether the
parasite density was higher than, or lower than,
50 000 per mm 3.
The diameter and thickness of the erythrocytes in

these 18 malaria cases and in the 10 normal individuals
are shown in Table 1. In 5 of the latter, the results of
diameter measurement were identical; in the
other 5, the mean difference ranged between 0.04 ,um
and 0.15 ,um. On the other hand, the diameter of the
erythrocytes in the falciparum malaria cases, what-
ever the parasite density, was shown to be increased
and, furthermore, the cells has become flattened. The
differences of the means of these values, between the
2 groups, were of statistical significance. However,
no constant relationship appeared to exist between
the degree of parasitaemia and the changes in ery-
throcyte values.

In only 1 case, in which the reticulocyte count was
6.8 %, did the standard deviation of the erythrocyte
diameter exceed that in the control group (case 4,
Table 1). A standard deviation within the normal
range in the other cases indicated that anisocytosis
was not so marked that it could influence the results
of diameter measurements.

Fig. 1 shows the distributions of the diameters of
4 970 erythrocytes from the 10 normal individuals
and 9 100 from the 18 falciparum malaria cases.
Although some overlap may be observed, the in-
crease in the diameter of the red blood cells in the
latter group is clearly demonstrated.
The erythrocyte surface area in the 2 groups is

shown in Table 2. It can be seen that there was an
increase in the surface area in the group infected with
P. fakciparum compared with that in the normal
individuals. The difference was statistically signif-
icant.
The titres of cold and warm agglutinins, the anti-A

and anti-B titres, and the results of the direct and
indirect antiglobulin tests for the falciparum malaria
group are shown in Table 3. No marked increases in
the titres of cold and warm agglutinins and in the
anti-A and anti-B titres were observed. Although the
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Fig."1. Distributions of erythrocyte diameters in normal
individuals and falciparum malaria cases.

erythrocytes were found to be coated with incom-
plete antibody in 2 cases (No. 11 and 18), the
increase in diameter and the decrease in thickness of
the cells were just as apparent in the cases in which
the direct antiglobulin test was negative. The changes
in the shape and size of the red blood cells therefore
seemed to be independent of the titre of the anti-
bodies present in the serum.

Neutrophil lobe counts were also performed in
order to exclude the possibility of megaloblastic
anaemia. The control group showed an average
count ranging from 2.14 to 2.59, whereas, in the
malaria group, it ranged between 2.08 and 2.60.
Three cases had five-lobed neutrophils: 2% of the
neutrophil count in one case and 1 % in the other
two. The presence of megaloblastic anaemia in this
series of malaria cases was therefore unlikely (Her-
bert, 1967).

Discussion
The results presented here are consistent with

those previously reported (Kruatrachue & Harina-
suta, 1970) in which erythrocytes in a case of black-
water fever were described as having a flattened
appearance. The finding of red blood cells of the

Table 2. Surface area of erythrocytes in 10 normal individuals and 18 falciparum
malaria cases

Falciparum malaria cases
Normal individuals Parasite density: Parasite density:

<50 000/mm3 >50 000/mm3

Surface area Case Surface area Case Surface areaIndividual (Mm2) No. (Mm2) No. (Mm2)

A 136.0 1 133.5 1 1 142.0

B 132.0 2 126.0 12 122.0

C 127.4 3 133.0 13 149.5

D 122.0 4 137.5 14 133.0

E 122.0 5 138.0 15 131.0

F 126.5 6 143.0 16 124.5

G 121.3 7 139.0 17 141.0

H 120.0 8 136.0 18 149.0

1 131.0 9 138.0

J 129.5 10 136.0

Mean and S.D. 126.77 ± 5.37 136.00 ± 4.52 136.50 ± 10.50

P <0.0025 <0.025
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Table 3. Antibody titres and the results of direct and indirect antiglobulin tests in
18 falciparum malaria cases

Cold Warm Direct Indirect AniA nt-
Parasite Case agglutinin agglutinin antiglobulin antiglobulin Ati-A titr
densiy/MM No.

NGa Tb NGa Tb test test titre titre

1 1:4 1:64 - - - - 1:64

2 - 1:4 - - - - 1:256 1:64

3 1:16 1:64 - - - -

4 - 1:64 - - - - 1:64

<50000 5 1:4 1:16 - 1:4 - - 1:64 1:64

6 1:4 1:16 - 1:4 - - 1:64

7 - 1:4 - - - - 1:64

8 - 1:16 - - - - 1:256

9 1:4 1:4 - - - - 1:64

10 - 1:4 - - - - 1:16

11 1:4 1:64 - - ± - 1:64

12 - 1:16 - 1:64 - - 1:4

13 - 1:16 - - - - 1:64 1:16

>50000 14 1:4 1:16 - - - -

15 - 1:64 - - - - 1:64

16 - 1:16 - 1:4 - - 1:16

17 1:4 1:16 - - - - 1:256 1 16

18 1:4 1:4 - - 2+ - 1:256

The highest titre in
50 normal Thais 1 :4 1:64 1 :4 - - 1:4096 1:4096

a N = normal 0 cells.
b T = trypsinized 0 cells.

same shape in the less severe cases of falciparum
malaria investigated in the present study indicates
that the flattening of such cells is a general features of
P. falciparum infection, irrespective of the complica-
tions involved.
However, this observation does not agree with that

described by Fairley & Murgatroyd (1940), who
found spherocytes in the peripheral blood in a case of
black-water fever. Their study was carried out before
the advent of erythrocyte counting devices, and so
the erythrocyte counts that they recorded should be
treated with some reserve. Furthermore, the immune
complex caused by quinine administration (Croft et
al., 1968) may have been responsible for the occur-
rence of spherocytosis in that study. Spherocytosis
has also been found during haemolytic episodes in
glucose-6-phosphate dehydrogenase deficiency (Na-
Nakorn et al., 1970). Thus, even though the case

occurred in a female, the possibility that the sphero-
cytosis was due to this condition cannot be ruled out.
The presence of flattened erythrocytes seems to

bear no relation to reticulocytosis or isobodies or
autoantibodies of any kind in the circulation. Al-
though macrocytic anaemia has been said to occur in
malarial infection (Manson-Bahr, 1967), there are no
indications that the flattening of red blood cells
apparent in the present series of cases was a result of
that condition. Moreover, in our experience, folic
acid deficiency is very rare in Thailand.

Besides the destruction of infected erythrocytes,
the causes of anaemia in falciparum malaria are still
obscure, especially in so far as the destruction of
uninfected cells is concerned. Such cells must under-
go modification in some way, so that the macro-
phages of the reticuloendothelial system recognize
them as abnormal. In explanation of this phenomen-
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on, the process of opsonization has been postulated
(Zuckerman, 1945). Moreover, serum lipid changes
may occur in falciparum malaria, as has recently
been described in P. knowlesi infection (Angus et al.,
1971). Either or both these factors, and perhaps
others, may be responsible for the changed shape and
size of the red blood cells in P. falciparum infection.
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