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the host and in the parasite were the same after
treatment with the complex as with the non-chelated
tartrate. The possibility of administering NAP by
the intramuscular route represents an indirect phar-
macological advantage, leading to a greater activity;
this has been known for many years (see Kuhn, 1925).
There are probably other pharmacological ways of
increasing effectiveness; it was found, for example,
that the same daily (intramuscular dose given in
divided doses improves the activity in schistosomal
infections of mice (Ercoli & Payares, 1969).
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The Indirect Fluorescent Antibody Test for the Detection
of Occult Malaria in Blood Donors *

by ALEXANDER J. SULZER 1 & MARIANNA WILSON 2

Malaria induced by blood transfusion from
asymptomatic carriers is a problem for blood banks
(Brooks & Barry, 1969). Transfusion-induced mala-
ria is recognized in many countries where malaria
transmission has been eliminated (Lepes, 1965;
Duhanina & Zukova, 1965; LupaEcu et al., 1967;

* From the Center for Disease Control, US Public
Health Service, Department of Health, Education, and Wel-
fare, Atlanta, Ga., USA. This study was supported in part
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Ambroise-Thomas, 1969; Fisher, 1969). The stan-
dards for blood donation established by the Ameri-
can Association of Blood Banks regarding malaria
have recently been revised in an attempt to prevent
transfusion malaria in the USA (American Associa-
tion of Blood Banks, 1970). Although these stan-
dards have been helpful, at least 5 cases of trans-
fusion-induced malaria occurred in the first 8 months
of 1970.

Detection by the indirect fluorescent antibody
(IFA) test of donors responsible for transfusion
malaria has been reported (Lupascu et al., 1967,
1969; Ambroise-Thomas, 1969; Brooks & Barry,
1969; Fisher & Schultz, 1969). The sera from the
last two reports mentioned above were tested in this
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laboratory. The value of the IFA test in detecting
occult malaria and the use of the test in decreasing
transfusion-induced malaria are the subject of this
report.

Materials and methods
Ten cases of transfusion-induced malaria were

reported to the Center for Disease Control, and an
extensive epidemiological investigation was per-
formed on each case by members of the Parasitic
Diseases Section, Epidemiology Program. Serum
samples and blood smears were obtained from both
the recipient and all donors involved in 6 of the
10 cases. In the other 4 cases, not all the donors
could be contacted. All blood films were examined
at the National Malaria Repository, Center for
Disease Control, for the presence of parasites. When a
particular donor's serumwas found to contain malaria
antibody, his blood smears were intensively studied.
The IFA test was performed as described by

Sulzer, Wilson & Hall (1969). Species determination
was based on the method outlined by Gleason et al.
(1971). All tests were coded and randomly assorted
to reduce bias. To determine serologically the
infective species of Plasmodium, all available species
of human malaria parasites were used as antigens.
All antigens contained schizonts, and the comparison
of results was based on the titre of the schizont
reaction.

Results

Of the 10 cases of transfusion-induced malaria
reported, malaria antibody was detected in 1 donor
in each of 9 cases (Table 1). The donor's highest
antibody titre was against the infective species in
8 cases, but in 1 case (case 5) antibody titres to two
antigens were equal. One case (case 10) was not
resolved by serology; 2 of the 7 donors were not
available for testing, and 1 of the missing donors
was a Viet-Nam veteran.

All donors with positive IFA titres were investiga-
ted thoroughly (Table 2). In case 1, degenerate
parasites and pigment were seen in bone marrow
taken from the positive donor. Two parasites were
found in multiple blood films from one donor taken
after a 500-ml phlebotomy (case 3). Blood from the
positive donor in case 6 was inoculated into a
volunteer who subsequently developed a P. malariae
infection. The other 6 donors were examined only
by means of blood films and serological (IFA) tests;
the presence of malaria antibody was the only
evidence of malaria infection found.

Discussion
We have previously reported that a positive

antibody reaction can be expected in the IFA test in
at least 95% of sera from cases that had positive
blood films (Sulzer, Wilson & Hall, 1969). We also
reported that in US military personnel returning
from south-east Asia an antibody titre of 1: 256 or
greater is highly suggestive of a current malarial
infection if there has been no chemotherapy in the
previous 6 months (Wilson, Sulzer & Runcik, 1970).
Basing our interpretation on these and other studies
(Coudert et al., 1966; Ambroise-Thomas, 1969), we
considered a positive antibody reaction in one donor
from each of9 transfusion cases as strong presumptive
evidence that the responsible donor was detected.
Demonstration of infection in three donors with posi-
tive IFA reactions further supports this conclusion.
Raghaven (1966) reported that when circulating

parasitaemias fall below a certain level malaria
parasites, although present, will probably not be
detected by an examination of blood films. The
number of parasites in the blood drawn for the
purpose of transfusion from such an individual may
be sufficient to produce infection in the non-immune
debilitated recipient.

It is, of course, possible that donors with negative
antibody reactions might also have been infected.
We believe, however, that circulating parasitaemias
that pose a threat of infection in blood transfusion
will stimulate a detectable antibody response in
essentially all cases.
Antibody titres to more than one species of

plasmodium were found in 8 positive reactors. This
could result either from production of cross-reacting
antibodies or from infection with more than one
species of plasmodium. The significant factor is that
we could identify the infecting species in 8 out of
9 positive reactors by comparing titres obtained with
antigens from the different species.

In all, 5 of the positive donors in the 10 cases
described were Viet-Nam veterans who donated
blood 6-13 months after their return to the USA.
According to the previous standards for blood
donors, these men satisfied the criteria for travellers
in endemic areas, having taken antimalarial pro-
phylaxis. However, they are not now acceptable
according to the revised standards for blood banks
which call for deferring potential donors for 2 years
after the cessation of suppressive therapy (American
Association of Blood Banks, 1970). Four of the
responsible donors were immigrants from countries
where malaria is currently considered to be endemic;
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Table 1. IFA reactions of serum samples from blood donors involved in 10 cases of
transfusion-induced malaria

Case No.~~~~o Noteed No. IFA titres
Cnoe Infecting species onof NbyteFAed positive | IFA titresn by IFA p. vivax P. falciparum P. malariae

1 P. falciparum 2 2 1 1: 16 1: 256 negative

2 P. malariae 2 2 1 1:16 1:16 1: 256

3 P. falciparum 4 4 1 1: 64 1:1024 1:256

4 P. malariae 12 2 1 1:64 1:16 1:1024

5 P. falciparum 7 3 1 1: 64 1:256 1: 256

6 P. malariae 56 9 1 1: 64 1: 256 1:4096

7 P. falciparum 6 6 1 1: 64 1: 256 1:64

8 P. falciparum 13 13 1 1:16 1: 256 1:16

9 P. falciparum 1 1 1 negative 1: 256 negative

10 P. vivax 7 5 0

Table 2. History of IFA-positive donors

Case history

Viet-Nam veteran donated blood 8 months after return to USA; experienced chills, fever, and sweating 1 month before
donation; blood films negative, but bone marrow contained degenerated schizonts and malarial pigment (National
Communicable Disease Center, 1967)

2 Immigrated to USA from Oaxaca, Mexico, in 1956; returned for brief visit to Mexico City 4 years before blood donation,
denied history of malaria, blood films negative (National Communicable Disease Center, 1967)

3 Student from Nigeria in USA for 32 months; denied history of malaria, but multiple blood films made after 500-ml phlebetomy
contained 2 P. falciparum-like trophozoites (Brooks & Barry, 1969)

4 Immigrated to Hawaii from the Philippines in 1930, returned for 2 weeks in 1967, and donated blood 10 months later;
denied history of malaria; blood films not available (National Communicable Disease Center, 1968)

5 Viet-Nam veteran donated blood 13 months after return to USA; denied history of malaria, blood films negative (Fisher &
Schultz, 1969)

6 Student from Nigeria in USA for 24 months; denied history of malaria; blood films negative, but blood inoculation into
volunteer produced P. malariae infection (National Communicable Disease Center, 1968)

7 Viet-Nam veteran donated blood 6 months after return to USA; denied history of malaria, blood films negative (Fisher &
Schultz, 1969)

8 Viet-Nam veteran, denied overseas military service and history of malaria at time of donation; blood drawn 6 months after
return to USA (National Communicable Disease Center, 1969)

9 Viet-Nam veteran donated blood 7 months after return to USA; originally denied overseas military service; blood films
negative (Center for Disease Control, 1970)

10 One donor not tested by serology had been in Viet-Nam 5 months before blood donation; the other not tested had been
in Greece, Turkey, and Egypt 4 years before donation (Stern, personal communication)

Case no.
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they would now be permanently rejected for whole-
blood donation.

Cases 9 and 10 (Tables 1 and 2) occurred in 1970;
5 of the 8 donors involved were Viet-Nam veterans
who, at the time of donation, denied a history of
malaria (Dr D. S. Stern,' personal communication).
Denial of past infection or of travel in endemic areas
effectively negates the purpose of the new blood
bank standards concerning malaria. To overcome
this obstacle, either the donor pool must be decreased
by the elimination of high-risk groups, or some
dependable means of malaria detection must be
employed at the time of blood donation.

Todorovic, Ristic & Ferris (1968) reported the
development of a tube latex agglutination test for
malaria, using a soluble antigen isolated from the
blood of chickens acutely infected with Plasmodium
gallinaceurm. This initial study showed promising
results for a rapid and easily performed test, but it
has not been completely evaluated. The indirect
haemagglutination test has been well evaluated
(Rogers, Fried & Kagan, 1968) but preservation of
the antigens has been a problem.

In the absence of an evaluated rapid serological
test for malaria antibody, the IFA test might be
used as a method of detecting occult malaria. In
the USA, blood donors in the age group selected for
military service, and immigrants from past or present
endemic areas, might be tested for malaria antibodies
and the serological positives eliminated as donors.
This procedure would be helpful in two ways: (1) by
eliminating those with positive antibody responses
who might be a source of transfusion-induced
malaria, and (2) by increasing the donor pool at the
same time. The expense of performing the test
would have to be weighed against the risk of trans-
fusion-induced malaria or significant reduction of
the donor pool. Screening at one dilution, perhaps
1: 64, would reduce test cost in terms of time and
reagents.
Ambroise-Thomas (1969) reported the use of the

IFA test for screening blood donors in Lyon, France.
Of 225 people who would not have been eligible for
blood donation because of travel in malarious areas
within the past 5 years, 57.6o% were accepted on the
basis of negative malaria antibody response. Con-
versely, 28.7% of 345 people who had returned
more than 5 years before were still positive, and
were thus eliminated from the donor pool.

I Epidemic Intelligence Service Officer, Parasitic Disease
Branch, Epidemiology Program, Center for Disease Control,
Atlanta, Ga., USA

If further work confirms the suggestion by several
authors (Ambroise-Thomas, 1969; Wilson, Suizer &
Runcik, 1970) that high malarial IFA titres in
untreated persons, otherwise completely normal, is
evidence that occult infection exists, the implication
for malaria programmes is apparent. Although the
gametocytaemias in such cases may be well below the
threshold needed to infect mosquitos, an increase in
parasitaemia may occur at any time. In such an
instance, mosquitos may become infected and thuis
restore the transmission cycle. The presence of cases
of occult malaria in areas where it is thought to have
been eliminated is a continuing threat of the restora-
tion of transmission. If malaria is to be totally
eradicated, such individuals must, of necessity, be
sought out and their parasitaemias terminated by
chemotherapy. The use of the IFA test in such a
programme could be of great value.
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Studies on Infiltration of Marked Culex pipiens fatigans into Sprayed Areas
in Rangoon, Burma*

by L. S. SELF,1 M. M. TUN, 2 H. L. MATHIS,3 M. H. M. ABDULCADER & A. SEBASTIAN 2

Studies made by the WHO Filariasis Research
Unit (FRU), Rangoon, on the ecology of Ciilex
pipiens fatigans and the control of larvae with
fenthion emulsifiable concentrate have been described
in various reports, both published and unpublished.5
The study described in this note was carried out
during the last phase of the research programme in
order to determine whether adult mosquitos marked
with fluorescent pigment,6 and released at three fixed
points along the outer barrier zone (BZ) boundary,
could infiltrate into the original Kemmendine
experimental field trial (KEFT) area. Flights, or
transportation by other means, of at least 966 m
were required to reach any of the six fixed FRU
catching stations in the KEFT area, but the distance
to the closest of nine fixed stations in an expanded
sprayed area (EA) adjacent to the KEFT area was
only 370 m. Also, in this particular study, one
catching station was located within 61 m of each of
three widely separated release points, and 7 other
catching stations were located about 1 600 m south

* From the WHO Filariasis Research Unit, Rangoon,
Burma.

' WHO Entomologist. Present address: World Health
Organization, Central Post Office Box 540, Seoul, Republic
of Korea.

2 Entomologist seconded from the Directorate of Health,
Burma.
3WHO Entomologist.
Project Leader.
'A list of published material and documents can be

obtained from Vector Biology and Control, World Health
Organization, 1211 Geneva, Switzerland.

6Redglo, supplied by H. Haeffner and Co. Ltd., Holme-
thorpe Trading Estate, Redhill, Surrey, England.

of the KEFT area in an unsprayed comparison area
(UCA).

Mosquito releases were made from 11 October to
19 December 1969, about 3 1/2 years after larval
control measures had reduced adult densities in the
KEFT area by 98%, i.e., to a level of about I mos-
quito bite per man hour per night. Although larval
survey data indicated that only a very few adults
emerged within the KEFT area from uncontrolled
artificial containers, the possibility of significant
infiltration from unsprayed areas was not ruled out.

Rearing and marking proceduire
Late-instar larvae and pupae from natural breed-

ing sites were placed in a 76 by 61 by 13 cm sheet-iron
vat in the laboratory and reared in polluted field
water with powdered dog biscuit added. The rearing
vat was normally emptied every Saturday, and new
field collections were made on Monday and Tuesday
to ensure the emergence of about 8 000 adults a day.
Cotton wool moistened with glucose syrup was
always available to the newly emerged mosquitos.
A tight-fitting rectangular net on a 76 by 61 by

61 cm wooden frame was placed over the rearing vat.
During the morning hours, the 1-2-day-old adults
were removed by means of an aspirator tube
(20 mosquitos per tube) through two sleeves in the
net. The work was done by four or five mosquito
scouts; one scout recorded the total numbers re-
moved, and male and female mosquitos were indi-
vidually counted in about every 20th aspirator tube.
The mosquitos from the aspirator tubes were then
transferred to 500-mi flasks (250 specimens per
flask).
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