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Transfusion malaria *
L. J. BRUCE-CHWATT 1

A global review of the problem of malaria accidentally transmitted by blood tranfusion
revealed that about 350 cases were reported during the period 1911-50 and 1756 during the
period 1950-72. The great rise in thefrequency ofblood transfusions in medicalpractice and
the increase of travel between countries in which malaria is absent and those where it is
prevalent render transfusion malaria a problem of clinical and public health importance.
Attention is drawn to the value of modern serological methods for the screening of blood
donors.

The history of transfusion malaria dates from 1884
when Gerhardt demonstrated on 2 human subjects
that malaria can be transmitted by blood inocula-
tion (1). There followed a series of similar experi-
ments by Italian, German, and Russian authors
confirming that the infective agent of " malignant
and benign tertian" malaria is present in the blood
and can easily infect healthy subjects (1).
The first case of malaria as an accidental con-

sequence of blood transfusion was described in 1911
by Woolsey (2), and during the next 25 years such
observations became increasingly common as blood
transfusion became more widely used. The treatment
of neurosyphilis by the deliberate induction of ma-
laria infection clarified certain aspects of the trans-
mission of plasmodia by blood inoculation, and
much experience on this subject has been gathered in
many countries (2-8).

Accidental malaria infections not related to blood
transfusion were not uncommon during and after the
first world war. More recently cases of "needle
induced" malaria have been reported in the
USA (9, 10). However, the transmission of malaria
related to the practice of blood transfusion is of
particular interest because of its clinical and public
health aspects.

In the 1920s and 1930s many cases of malaria were
associated with the direct method of blood trans-
fusion. Several cases of transfusion malaria occurred
in donors of blood. The infection was due to the
blood in the syringe flowing back when the direct
method of transfusion was used.
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During the 1940s the use of stored blood gradually
replaced direct blood transfusion. The first case of
transfusion malaria following the use of stored blood
was described in 1941 by Gordon (11). Although
more attention was given to the selection of donors
and to the preservation of blood, the greater use of
blood transfusion in medicine and surgery increased
the overall number of cases of accidentally induced
infection. This became obvious when the problem of
imported, introduced, and induced malaria came
within the surveillance activities of malaria eradica-
tion programmes (12).
The fact that the incidence of transfusion malaria

has recently been rising in several countries reflects
not only better diagnostic methods and better report-
ing, but also the increase of malaria imported from
tropical areas. Many reviews of series of cases of
transfusion malaria were published between 1938
and 1972. References to these papers will be found
elsewhere (13).

MAGNITUDE OF THE PROBLEM

Estimates of the total number of cases of malaria
related to blood transfusion can be only approxi-
mate. Only a proportion of such episodes has
been reported in the literature and the information
ranges from a brief mention of malaria as a com-
plication of surgery to a comprehensive analysis of a
series of cases, some of which have been reported
singly by different authors.

It appears that between 1911 and 1950 about 350
cases of accidentally induced human malaria were
reported. This figure does not include deliberate
infections for malaria therapy or for experimental
purposes. During that period, of 245 reasonably
well-described cases of malaria related to blood
transfusion, 154 were due to P. vivax, 38 to P. ma-
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Table 1. Malaria transmitted by blood transfusion a

Period P. P. P. P. Mixed Unow TtaPeriod falciparum malariae vivax ova/e infections Unknown Total

1911-50 24 38 154 0 0 29 245
(9.8) (15.5) (62.8) (11.8)

1950-72 64 840 336 2 4 510 1 756
(4.6) (47.8) (1 9.1) (0.1 1) (0.22) (29.0)

Total 88 878 490 2 4 539 2 001
(4.4) (43.9) (24.5) (0.09) (0.18) (26.9)

a The table gives the number of cases and, within parentheses, the proportion (percentage) of the
total number of cases.

lariae, 24 to P. falciparum, and the remainder to
undiagnosed or insufficiently described species of
Plasmodium. About one-half of these cases were
observed before the use of stored blood became an
accepted practice (13).
The trend of the incidence of transfusion malaria

during the following 20 years is of particular interest
since the surveillance activities of the global malaria
eradication programme provide some reliable data
from a number of countries and the reports for-
warded to the World Health Organization are of
considerable value (14).
The reliability and accuracy of information from

other countries on transfusion malaria are not very
satisfactory and most of the available data are
gleaned from publications or occasional reports.
There is no doubt that many cases have not been
recorded and one must admit that transfusion ma-
laria is still grossly under-reported (15-19).
During 1950-72, 1 756 known cases of accidentally

induced malaria occurred in 49 countries. The pre-
viously reported figure was 1 247 cases (13); but
according to the information available to the World
Health Organization there were during the period
1971-72 not less than 509 cases of induced malaria,
resulting predominantly from blood transfusion
(Pull, personal communication).a

Thus, if the 350 cases reported during the first half
of the century are added to the 1950-72 figure the
total number of known cases of induced malaria that
has occurred in connection with transfusion or other
medical uses of whole blood is not less than 2 106.
The frequency with which the different species of
malaria parasite were involved in such transmission

a According to recent data, the provisional number of
known cases of accidentally induced malaria that occurred
in 1973 in 18 countries is 162.

over the period 1911-72 is shown in Table 1, which
includes those of the cases occurring during the first
half of the century that were reasonably well de-
scribed (245 in number).
The more than six-fold increase in the number of

cases of transfusion malaria reported during the past
two decades is certainly due to the phenomenal rise
in the frequency of blood transfusions in surgical and
medical practice. In the United Kingdom, for
example, the annual number of blood donations rose
from about 460 000 in 1949 to 1.7 millions in
1970 (13).

It is obvious from Table 1 that improved screening
methods have lowered the early incidence of P. falci-
parum and P. vivax infections; the detection of
P. malariae in blood donors remains the most
difficult problem. This is best illustrated by the
example of Romania where, during the period
1959-71, there were 150 cases of transfusion malar-
ia-all caused by P. malariae (20, 21)-in spite of the
fact that malaria was eradicated in that country in
1965.
In the USSR, from which indigenous malaria has

been absent since 1960, much attention has been
given to transfusion malaria. Duhanina and .2u-
kova (22) reported that 47 cases of induced malaria
occurred during the period 1958-64: 42 persons had
received blood and 5 plasma. In 39 cases the infec-
tion was due to P. malariae, in 7 cases to P. vivax,
and in 1 case to P. falciparum. The interesting feature
of this series is that 22 cases of P. malariae infection
resulted from the practice of " haemotherapy "-the
intramuscular injection of 5-10 ml of blood from a
donor (often the mother) to a child for the preven-
tion of measles or as a mild protein shock. In Mexico
a recent study (23) revealed that between 1961 and
1969 the number of cases of transfusion-induced
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malaria seen in the consolidation phase of malaria
eradication was 49 or approximately 0.2% of the
total number of cases of malaria. However, when the
capital city of Mexico was included in the surveil-
lance activity, the reported number of cases of
induced malaria rose to 191, all of which were due to
P. malariae.

In Iran a recent study showed that only a special
inquiry can reveal the true incidence of transfusion
malaria. Such an inquiry carried out by Edrissian
(personal communication) revealed that during the
period 1963-72 there were 111 cases of transfusion
malaria, of which 56 occurred between 1970 and
1972; 41 of the cases were caused by P. malariae
and 15 by P. vivax, while no infections with P. falci-
parum were recorded.
The conclusion that malariae infections are the

most common form of transfusion malaria may at
first sight appear not to hold good for the USA,
where, of the total of 45 cases of transfusion malaria
during the period 1958-72, not less than 16 were due
to P. vivax, while 13 were due to P. malariae, 13 to
P. falciparum, 2 to P. ovale, and 1 to a mixed
falciparum + malariae infection. However, some of
the vivax cases may have been connected with the
high incidence of P. vivax in returning military
personnel.

Despite the prevalence of malariae infections, the
importance of P. vivax in transfusion-induced ma-

laria should not be underestimated. In Spain in 1971
there was an unusual outbreak of 43 cases of vivax
malaria subsequent to whole blood transfusion and
11 cases following plasmaphaeresis. It appears that
in the latter technique the recipients were given not
their own red blood cells but those of other donors.
Most of these cases were traced to a blood bank in
Barcelona, which used workers from North and
Central Africa as donors (24).
The comparative frequency of induced malaria

related to the number of units of blood used for
transfusion (or donors) in countries from which data
or estimates are available varied from 0.0002 per

1 000 units to 0.7 per 1 000 units, though the value of
the mean figures quoted by Bruce-Chwatt (13) is only
relative.

THE FACTORS INVOLVED

The incidence of transfusion malaria will naturally
depend on a number of factors. Perhaps the main
factor is the system of blood donation existing in a

given country. Voluntary and unpaid donors are

obviously different from casual or professional

donors motivated by financial gain. The malaria
status of the country and of areas adjacent to it is
also of considerable importance. Another factor is
the degree of awareness of the danger of imported
malaria, together with the reliability and speed with
which detected cases are notified.

Several factors involved in the transmission of
malaria by blood transfusion are of interest. Among
these the natural persistence of malaria infection in
the human host and the viability of plasmodia in
stored blood merit some attention.

Persistence of the parasite in the host
According to most workers (25) the longevity of

P. falciparum in man seldom exceeds one year and
P. vivax usually dies out within 3 years, while
P. malariae may persist for many years. However,
Covell (26) has pointed out that these limits of
survival may be greatly exceeded in some cases.

Subjects who have lived in endemic malarious
areas for many years and who are partly protected by
their acquired immunity may be carriers of asymp-
tomatic infection with P. falciparum for periods well
in excess of 1-2 years. This would also apply to
persons taking suppressive antimalarial drugs
(27-30). Some infections with the South-West
Pacific strain of P. vivax have persisted for up to
4 years and a few cases of vivax malaria have lasted
for 6-8 years or longer (31-33).

It has been reported (34) that the longevity of
P. ovale is at least 26 months and it is obvious that in
tertian malaria the patient may have an asympto-
matic parasitic relapse capable of transmitting the
infection.

Infections with P. malariae are prone to relapses
with or without febrile symptoms for very long
periods. Cases of transfusion malaria have been
described in which the donor's previous exposure to
the infection dated back to 10, 12, 17, 25-29, 32-37,
and even 42 and 46 years. In fact, one may surmise
that in some cases a quiescent infection with P. ma-
lariae may be maintained for life (13), and the
epidemiological implications of this special position
of P. malariae with regard to its human host are
considerable (35, 36).

Special features of malariae infections
The relevance of P. malariae to the eradication of

this disease has been fully discussed by Gramic-
cia (35) and Lepes (37), who have pointed out the
difficulties that may be experienced in areas where
this parasite is prevalent. The fact that quartan
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malaria may remain as a latent infection for many
years explains the high number of cases of trans-
fusion malaria in these countries. It has been estim-
ated that in the Macedonian part of Yugoslavia there
are about 550 symptomless carriers of P. malariae
among a population of 1.5 millions.

Corradetti (unpublished report to WHO, 1968)
stressed the unusual features of this plasmodium: its
long sporogonic and schizogonic cycle and its relative
tolerance by the human organism; at the same time,
doubts have been expressed about the existence of a

secondary exoerythrocytic tissue phase, to which
relapses have usually been attributed. The routine
detection of this parasite in the human host is
singularly difficult for three reasons: (a) in the
peripheral blood they are few in number and very
often below the threshold of microscopic detection;
(b) malariae infections frequently show a complete
absence of symptoms, including fever, and (c) the
parasite may persist for long periods in the human
host.

Viability ofparasites in stored blood

The viability of malaria parasites depends on that
of their erythrocyte hosts. The high incidence of
cases of transfusion malaria during the first half of
this century led to early experimental work on the
viability of plasmodia in stored blood.
A series of studies carried out during the 1940s

showed that malaria parasites of all species can

remain viable for at least 1 week. Further stu-
dies (22, 38-40) revealed that both P. falciparum and
P. malariae remain viable for well over 10 days in
stored blood, especially when the anticoagulant
contains dextrose.

Reports of over 100 cases of transfusion malaria in
Romania (20, 21) pointed out that 86% of these
cases occurred when the blood was stored for less
than 5 days; when the storage period exceeded
12 days only 3 P. malariae infections were recorded.
However, a case of P. falciparum malaria was de-
scribed following transfusion of blood that had been
stored for 14 days at 4-60C (42).

It is obvious that while blood stored for 2 weeks
may be considered reasonably safe as far as malaria
transmission is concerned, the margin between this
period and the limit of ordinary " shelf life " of blood
(21 days) is too narrow for any practical considera-
tion. The shelf-life of stored blood can be extended to
35-40 days by the addition of adenine, but the
viability of malaria parasites in these conditions has
not been studied.

Table 2. Dosage of malaria parasites given by intra-
venous inoculation and the length of the incubation
period a

No. of Prepatent Incubation
Parasite No. of Prepatdnt ) period (fever)parasits perio (days) (days)

P. vlvax 106 10.9 11.6

106_108 1.1 3.2

108 1 1

P. malariae 1 06 23 28

106-108 6.7 13

108 4.5 9.2

a After Boyd (44).

Incubation period
The incubation period of blood-induced infection

depends to a large extent on the number of parasites
introduced, on the method of inoculation, and on the
susceptibility of the recipient. Much information on
this subject has been gathered in the course of
malaria therapy (43). The best study is that of
Boyd (44), whose results are outlined in Table 2.
The incubation period of P. vivax infections is

8-12 days when 1-5 million parasites (approximately
1-2 ml of infected blood) are injected intravenously;
subcutaneous or intramuscular injection of this
amount increases the incubation period to 12-15
days. If the dose is large-50-100 million para-
sites-the incubation period may be decreased to
1-3 days. In P. malariae infections the incubation
period of an infection with 1 million parasites aver-
ages 24-28 days, but it may be considerably longer,
and the first symptoms of quartan malaria have been
observed 46, 66, and 74 days and even longer after
blood inoculation; the symptoms of P. vivax infec-
tion have been observed 27, 34, 65, and 85 days after
inoculation, while those of P. falciparum infection
usually occur within 7-13 days (5, 44).

In the series of 112 cases of blood-induced ma-
laria (13) for which reliable information is available,
the period between the transfusion and the appear-
ance of the main symptoms was as follows: P. falci-
parum, 10.5 ± 4.9 days; P. malariae, 41.1 + 21.3
days; P. vivax, 16.6 ± 8.2 days. A series of 33 cases
of transfusion malaria (37) reported from Yugoslavia
had mean periods of 36 days for P. vivax and 33 days
for P. malariae, but in both series the range was
between 15 and 70-80 days. An exceedingly long
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incubation period of 111 days has been observed in a
P. malariae infection (45).
The series of 30 cases of induced malaria studied in

the USA (34) showed the following mean incubation
periods (ranges are given within parentheses): P. fal-
ciparum, 15.7 (8-29) days; P. malariae, 57.2 (6-106)
days; P. vivax, 19.6 (8-30) days.

Minimum infective dose
The smallest number of parasites that can initiate

infection in man is not known, but vivax malaria has
been successfully transmitted to man with only
10 parasites (44).
The infected blood donor may have a discrete

parasitaemia of the order of 1-2 parasites per mm3,
which cannot be detected by ordinary microscopy;
and yet a patient given only 1 unit of such blood
would receive about 400 000-800 000 parasites.

DIAGNOSIS

The interval between the onset of symptom and
diagnosis depends on the degree of awareness of the
possibility of transfusion malaria, but it can vary
from 1 week to 1 month or considerably longer: in
one case (46) the disease was finally diagnosed
6 months later.
Many authors have drawn attention to delays and

errors in the diagnosis and treatment of imported
malaria; it seems that the attention of the medical
profession must now be drawn to the possibility of
malaria as a complication of transfusion, especially
in countries where the payment of blood donors is
accepted (47).
When any patient who has received a blood

transfusion up to 3 months previously shows an
unexplained fever, the possibility of malaria must be
considered, and microscopic examination of the
blood and, if necessary, serological tests should be
carried out.

PREVENTION

The prevention of transfusion malaria depends on
the screening of possibly infected blood donors and
the elimination of actual or possible plasmodial
infection in the donor and in the recipient of the
blood.

Screening of donors: history
The exclusion as a whole-blood donor of anyone

who has ever had malaria appears to be the simplest
method of screening but it is also the most fallible.

Few people know if they have had malaria, especially
if they were on a suppressive antimalarial regimen.
Malaria may be suspected in immigrants and students
from tropical areas, and some travellers passing
through malarious countries are particularly exposed
to the infection: these include military personnel,
missionaries, seamen, overseas service volunteers,
research workers, and tourists.

Regulations governing the acceptance of donors of
whole blood for transfusion vary considerably from
one country to another and it would be desirable for
some internationally acceptable criteria to be estab-
lished.
At present blood donors are rejected on the basis

of rather vague statements, such as " an infection
with protozoan disease " (Belgium) or " previous
malaria ", " past malaria ", " history of malaria "
(Egypt, Hungary, Philippines, South Africa, Yugo-
slavia). In many countries the regulations proscribe
the acceptance, as donors of whole blood, of persons
who have had malaria less than 3 years (Bulgaria) or
less than 5 years (France, Greece) previously. In the
United Kingdom the following regulations are in
force: (a) the blood of those who have had malaria
or who are natives of or who have lived until recently
in endemic malarious areas may be used only for
preparing plasma; (b) the blood of those who were
born in the United Kingdom and who are normally
resident there, but who have recently visited or
passed through endemic malarious areas, may be
used as whole blood provided that they have been
back in the United Kingdom for at least 2 months,
have had no feverish illness since returning, and have
taken antimalarial drugs for 1 month after their
return. If there is any doubt, the blood of such
donors should be used only for preparing plasma. An
alternative and much stricter criterion would be that
based on the rejection as a donor (of whole blood) of
anyone who has ever been to a tropical or subtrop-
ical malarious area. However, this would bar the
acceptance of an increasingly large proportion of the
population. In practice the rules quoted above are
used as guidelines and the physicians in charge of
blood transfusion centres have to make arbitrary
decisions based on their knowledge of what con-
stitutes a malarious area and on statements given by
the blood donor.

In the USA the criteria approved by the American
Association of Blood Banks (48) for the selection of
donors reject permanently anyone with a definite
history of malaria or any immigrant or visitor from
an area where the disease is endemic. However,
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prospective donors who have been to such an area and
have taken antimalarial drugs are accepted 2 years
after discontinuing the protective drug regimen;
those who have travelled in such an area, are free of
symptoms, and have not taken antimalarial drugs
can be accepted 6 months after their return.
Dover & Schultz (34), who identified 19 blood

donors responsible for cases of transfusion malaria
in the USA, pointed out how difficult it is to apply the
above standards in practice and proposed a new,
uniform criterion barring from blood donation any-
one who had had malaria or had been in a malarious
area within the previous 3 years. It appears that the
adoption of this standard of selection would have
prevented the occurrence of nearly all P. vivax and
P. falciparum infections transmitted by blood in the
USA.
With regard to the long-lasting and often asymp-

tomatic infections with P. malariae, no reliance can
be placed on the past history. This risk will have to
be accepted in some parts of the world, but the wider
use ofmodern immunological screening methods (41)
can go a long way towards solving the problem.

Since the demand for blood keeps on increasing all
over the world, since large areas of the tropics remain
malarious, and since intercontinental travel is
steadily increasing, it is possible that in future the
selection of donors on the basis of foreign travel may
lead to the rejection, as potential donors of whole
blood, many persons who would otherwise be fully
acceptable. Should this situation occur serious con-
sideration may have to be given to making the best
possible use of existing supplies of human blood, and
the screening of some groups of donors by the use of
modern immunological techniques would be ap-
propriate.

Screening of donors: direct microscopy

The detection of a malaria infection in a blood
donor who is suspected on circumstantial evidence
may prove very difficult. Microscopic examination of
a blood film is of little value for the detection of
asymptomatic parasitaemia, since the parasites are
usually very few in number. In one case (43) the
initial examination of a series of thick and thin films
for 3 hours by two microscopists failed to reveal any
parasites. In the USSR the blood of each of 23 sus-
pected donors was examined for 30 minutes 22-26
times without result, though eventually the donor
responsible was found (49). In Romania, no positive
films were obtained from 153 000 blood donors

examined during 1959-65, although 112 P. malariae
infections occurred during that period (20). In Mau-
ritius, the blood of a donor was examined 7 times
over 31/2 months until the suspicion was con-
firmed (50). Such time-consuming procedures are
obviously impracticable, especially with P. malariae
infections, which are always of low density and often
at submicroscopic level (35).
Although the Center for Disease Control (51) of

the US Department of Health, Education, and
Welfare has had an excellent record in tracing
suspected blood donors and confirming the infection,
experience has shown that to achieve a modest
measure of success multiple blood films must be
taken and often examined for several hours. Staining
with fluorochromes or the concentration of parasites
by differential centrifugation have only slightly im-
proved the value of microscopic examination.

Screening of donors: IFA test

Several methods for the indirect diagnosis of
malaria by the use of immunological techniques have
been developed during the past few years (25). How-
ever, the indirect fluorescent antibody (IFA) test has
been most widely used and at present offers the best
possibilities for the routine screening of latent ma-
laria infection (52). This test for the detection of
infected blood donors has been used in France
(53, 54), Romania (20, 21), Brazil (33), and the
United Kingdom (52, 55, 56).
A recent review of the IFA test (57, 58) confirmed

its value in 10 cases of transfusion-induced malaria.
The authors state that an antibody titre of 1: 256 or
higher is suggestive of a current malaria infection if
there has been no specific treatment during the
previous 6 months.

In France Ambroise-Thomas et al. (54) investi-
gated 1 000 blood donors who had lived in malarious
areas overseas. Using P. cynomolgi as an antigen for
IFA tests, these authors found that the test was
negative in 58 % of those who had arrived in France
less than 5 years previously, and that these subjects
could be used as blood donors. On the other hand,
the serum of 28% of those who had been living in
France for over 5 years gave a positive reaction, and
the use of their blood would have been unsafe
because of the possibility of transfusion malaria.
This study proved that the rough and ready reckon-
ing of the 5-year limit as a " safe period " for the
prevention of transfusion malaria may be over-
optimistic.
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A group of 880 prospective donors in the United
Kingdom whose blood could not be used for trans-
fusion were investigated by means of the IFA test,
and 209 (24%) were found to be positive. In the
remaining 76% either past malaria was unlikely or
the infection had been eliminated so radically that
the immune response was not detectable and thus
their blood could (perhaps with some precautions)
have been used for transfusion (56).

It is of some interest that the proportion of
positive IFA tests in selected samples of actual or
potential blood donors who had been previously
exposed to infection but had lived outside malarious
areas for over 5 years gave very similar results in
Romania, France, and the United Kingdom-23 %,
28 %, and 24%, respectively. There is no doubt that
the IFA test is of value for detecting asymptomatic
cases of malaria, although its sensitivity and specifi-
city vary considerably, depending on the type of
plasmodial antigen used, the specificity of the
fluorescein-conjugated antiserum, and the technique
of the test (41).
Although various plasmodia from monkeys (e.g.,

P. fieldi and P. cynomolgi) have been used as antigens
with some success, parasites ofman (especially P. fal-
ciparum and P. vivax) offer greater reliability. It
should be remembered that a positive test signifies
only previous infection, either recent or distant, and
not the actual presence of malaria parasites; thus, the
test may be positive in persons who have been cured
of malaria, though its titre in these cases is usually
low. On the other hand, a negative test-which
indicates either a complete cure or an absence of
previous infection-is of particular importance.

Premedication of donors
The premedication of donors suspected of having

had malaria has been advocated by several authors
and a large number of blood transfusions were
carried out in Saigon in 1952-54 by keeping the
blood donors on regular chloroquine chemopro-
phylaxis; no cases of induced malaria were ob-
served (59). Nevertheless, it has been pointed out
that the elimination of parasites from the blood
requires at least 48 hours and this increases the
difficulty of any ad hoc treatment of donors.
However, in the Ivory Coast and other African

countries where a national blood transfusion service
has been successfully set up, all donors on the panel
are being given a regular prophylactic dose of chloro-
quine and all recipients of blood receive a standard 3-
day course of antimalarial treatment (60).

This may be the best way to prevent post-trans-
fusion malaria when free blood donations by mem-
bers of the patient's family or by secondary school-
children, members of churches, the police, and
persons in prisons are organized.

Medication of blood recipients

An alternative solution is the preventive treatment
of recipients of blood, which is more reliable and
easier in practice. It has been observed in China that
recipients given quinine for 3 days after transfusion
had no attacks of malaria, while one half of those
who received no medication developed the infection
within 3 weeks.
During the second world war, the Australian

Army in New Guinea had to use blood from many
donors who were infected with malaria. Every
volunteer inoculated with 300 million parasites
(either P. falciparum or P. vivax) was fully protected
by a short regimen of quinine or mepacrine. Sub-
sequently, all recipients of blood were given pro-
phylactic treatment with quinine and mepacrine; the
results were most satisfactory (61).
Many authors (20, 22, 38, 49, 59) agree that a dose

of 600 mg of chloroquine (base), given to a recipient
of infected blood 24 hours before transfusion or
immediately after it, protects from induced malaria,
and it seems that this is the best solution where there
are unusual risks of accidentally induced infection. It
has now become an accepted procedure in tropical
areas, such as West Africa, where non-immune
subjects may receive stored blood collected from
donors many of whom are asymptomatic carriers of
P. falciparum and P. malariae (62). It may be prudent
not to rely on a single dose of chloroquine but to
continue to administer it as a suppressive at a
dosage of 300 mg of base once a week for at least
a month. As there is no likelihood of true relapses
occurring after a blood transmission of P. vivax or
P. malariae, radical treatment by primaquine is not
called for.

In some parts of the world the possibility of strains
resistant to 4-aminoquinolines must be borne in
mind. It was for this reason that US military blood
banks in Viet-Nam were reluctant to use members of
the armed forces as donors except in an emergency.
Most of the blood for transfusion came from military
donors in Japan, Korea, Okinawa, and the
USA (63). In doubtful cases, the preventive adminis-
tration of sulfadoxine with pyrimethamine might be
advisable.
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GENETIC ABNORMALITIES

Populations in tropical areas show a high inci-
dence of genetic abnormalities of their red blood
cells. Erythrocytes from persons with sickle cell trait
show no decrease of survival in normal subjects, and
the blood of such donors can be used for ordinary
transfusion but not for exchange transfusion or for
transfusion before major operations; it should not be
given to persons suffering from sickle cell anaemia or

from a double abnormal haemoglobinopathy such as
HbSC and thalassaemia or homozygous Hb C
disease.

Similarly, blood from persons with glucose-6-
phosphate dehydrogenase deficiency is generally
suitable but should not be used for exchange trans-
fusions and must not be given to persons suffering
from drug haemolytic anaemia or haemoglobinuria
induced by drugs such as phenacetin, primaquine,
and sulfonamides.
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RtSUME

PALUDISME POST-TRANSFUSIONNEL

De toutes les maladies tropicales transmises acciden-
tellement a l'occasion d'une transfusion sanguine, le
paludisme est de loin la plus importante. Une revue de
tous les cas de paludisme post-transfusionnel observes ou
notifies depuis que la transfusion sanguine est devenue
une pratique courante denombre, de 1911 'a 1972, environ
2000 cas qui ont ete relativement bien decrits. L'analyse
de ceux d'entre eux pour lesquels on a identifie le parasite
responsable donne les proportions ci-apres: Plasmo-
dium malariae, 43,9 %; P. vivax, 24,5 %; P. falciparum,
4,4%Y.
Dans le sang conserve a 4°C, la viabilite des parasites

du paludisme peut persister pendant 14 jours au moins.

La prevention du paludisme post-transfusionnel est
fondee sur le choix de donneurs appropries et 1'elimina-
tion des sujets suspects. La reaction d'immunofluo-
rescence indirecte represente a cet 6gard un moyen tres
efficace de depistage des donneurs susceptibles de trans-
mettre l'infection; une epreuve negative est particuliere-
ment utile car elle indique l'absence de toute infection
paludeenne anterieure.
Dans certaines conditions, lorsqu'il est impossible

d'ecarter les donneurs potentiellement dangereux, l'admi-
nistration au receveur d'une dose unique de chloroquine
suffit generalement a pr6venir la transmission de l'in-
fection.
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DISCUSSION

SCHULTZ: Despite the seven million blood transfu-
sions performed annually in the USA, only 45 cases
of induced malaria have been reported during the
past decade. The regulations have been improved,
but they are still not satisfactory. They state that
donors can be accepted 3 years after their return
from a malarious area, but that those who took
chemoprophylaxis may donate blood 6 months after
returning from a malarious area. These rules have
been liberalized to permit blood donation also from
individuals who have had malaria, provided that
3 years have elapsed since their last attack and that
they have been resident continuously in the USA
during those 3 years-e.g., immigrants from ma-
larious countries. In doubtful cases blood may be
used for its plasma content.

SCHULTZ: Only one case of congenital malaria is
known in the USA (in a Philippino mother and her
child).
PARIsI: Four cases of P. vivax were found among
40 000 transfusions in Sri Lanka before the last
epidemic. This should have been a warning of the
impending danger. This type of information could be
an epidemiological tool to assess the real prevalence
of the disease.
SCHULTZ: Since the last epidemic of P. falciparum in
New York in 1940, involving 200 cases among drug
addicts, there have been other outbreaks among drug
addicts in more recent years. One occurred in Cali-
fornia in 1969 (6 cases) involving personnel returning

from Vietnam. This was followed by another out-
break with about 50 cases, the origin of which was a
man who had returned from Vietnam, among appro-
ximately 330 occasional drug users who shared
syringes. Induced malaria due to blood transfusion is
only a minor problem in the USA, whereas serum
hepatitis is a major problem.

AzAR: Many induced malaria cases could have been
avoided if blood transfusion had not been abused.

VOLLER: As regards the practical value of serological
screening against malaria in blood transfusion, I
think that serological screening in the USA and in
Europe, where a great many blood transfusions are
performed annually, is impracticable. 1 also doubt
whether it could be done systematically elsewhere,
although it could be used to screen regular donors
and to trace donors responsible for transfusion
malaria.

MEUWISSEN: Even if screening were practicable, it
could not provide completely accurate information
on the presence or absence of parasitaemia.
BRUCE-CHWATT: Serological screening on a large
scale is indeed impracticable, but it could neverthe-
less be used in doubtful cases, of which there are
about 800-1000 per annum in the United Kingdom.

GRAMICCIA: With regard to the use of antimalarial
drugs by recipients of blood transfusions, I wonder
whether this method could have applications else-
where.
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