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Abstract 
Background and objectives: Blood donations are often wasted for lack of a 
satisihctory procedure to evaluate donors potentially exposed to malaria. Mate-
rials and methods: We evaluated a commercial ELISA for the detection of 
antibodies €o malaria and compared it; with an immunofluorescent antibody test 
(IFAT). Results: When 5,311 sera from routine non-exposed donors were tested, 
24 (0.45%) were positive by the ELISAA, using a Plasnzod:ium falciparum antigen. 
Seventeen were subjected to confirmatory testing but none were positive by 
IFAT. Of 1,000 donors potentially exposed in endemic areas 1.5 (1.5%) were re-
peatably reactive by ELISA. 1() of these were tested by IFAT and 2 were positive. 
When 150 patients attending the Hospital for Tropical Diseases in London with 
acute malaria were tested, 73% of those infected with P. fal ciparum were repeat-
ably reactive for malarial antibodies by ELISA and 56% with Plasmodium vivax. 
Of 88 stored clinical sera tested by both IFAT and ELISA 56 were positive by 
IFAT and of these 52 (93°i0) were positive by ELISA. Conclusion: The ELISA 
is sufficiently sensitive and specific to screen at-risk donors. Its use could safely 
retrieve 40,000 red cell units currently discarded each year in Great Britain. 
..................... 

Introduction 

The first case of transmission of malaria by blood trans-
fusion was reported in 1911. Bruce-Ch.watt [1, 2] reviewed 
worldwide data recorded from 1911 to 1979 during which 
the reported incidence increased from about 6 to 145 cases 
per year. In the early years Plasmodium vivax was the com-
monest species involved but in the 1950s Plasmodium ma-

cent data from the 1970s showed P vivax as the commonest 
species followed by P malariae and P falciparum, the pro-
portion of the last having risen. substantially. 

Although transfusion malaria is rare in the UK the pat-
tern of infection introduced by people travelling,  from en-
demic areas has shown similar changes. Between 1984 and 
1986 there were more cases of P vivax than P. falciparum, 
since then there have been more cases of falciparum malaria 

lariae predominated followed by P vivwx, Plasmodium fal- [3]. The proportion of malaria due to P fulciparum has risen 
ciparuin, waxed infections and Plasmodium ovale. More re- from 37% in 1984 to 55% in 1993, reflecting the fact that in 
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1993 over twice as many infections were acquired in Africa 
as in Asia. The last three cases of Iran sfusion malaria report-
ed by the North London Blood Transfusion Centre were all 
due to P f alciparum. In the absence of a practical screening 
test, transfusion centres reduce the risk of transmission by 
discarding red cell donations from potentially infected do-
nors according to their medical and travel history. The gui-
delines used are complicated and may result in a 3-year pe-
riod during which red cell donations are discarded. Since 
most ofthe donors :involved have not in reality been infected 
there is significant unnecessary wastage. The North London 
Blood Transfusion Centre alone discards the non-plasma 
components from 6,000 such units each year. In the LX 
there is an annual loss involving about 40,000 units [in-
house National Blood Authority data]. 

A reliable and efficient screening test for malaria could 
reduce unnecessary rejection of donations while minimis-
ing the risk of transmission. Examination of blood films is 
incompatible with transfusion microbiological practices 
and, in any case, is not sensitive enough to exclude infec-
tion. Although an ELISA for malarial antigen detection has 
been devised, it detects P falciparum only and does not; im-
prove on the sensitivity of blood film examination. [4] . Ma-
laria antibody screening by the immunofluorescent anti-
body test (IFAT) or ELISA, both using P falciparuin anti-
gen, has been suggested [5] as some cross-reactivity with 
antibodies from individuals infected with the other species 
occurs. Although the IFAT is considered the standard diag-
nostic antibody test [6], a simpler microplate-based ELISA 
would be preferable for mass screening of donations. Test. 
processing, reading and information transfer can be auto-
mated and an ELISA would be compatible with other trans-
fusion screening procedures. 

We have evaluated a commercial ELISA for malaria anti-
bodies and compared it with a reference .ELISA [7] per-
formed in-house at the Nuffield Laboratories for Compara-
tive Medicine, London and an. IFAT [8]. We also assessed 
the value of the commercial ELISA in simplifying the eligi-
bility protocol for potentially infected donors to thereby re-
duce the number of rejected red cell donations. 

Methods 

1 he Ala/aria  ;4n%rla('u'a ELISA 
Tare indirect malaria antibody ELISA method was used and kits 

were obtauied Zorn Launch Diagnostics. (The kits are currently pro-
duced by Ccllabs pty 27 Dale Street, Brookvalc, NS \3% 2100 %;u_-tra-
lie.) The assay is an aratiglobuJ.in. [LISA using inicropi.ates coated with 
P faiciparur antigen. Antigen i.s prepared by sonication of washed 
P.1ticipanrrn-parasitised erythrocytes and centrifugation at 10,000 g 
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for 30 min. The supernatant is stored at ---70°C until use [7, 41. 10 [tl of 
serum or plasma samples are added to 100 [t1 of PBS-Tween in the 
coated wells and incubated for 1 hat 37°C  to allow antibody to bind to 
the antigen. The plate is then washed 3 times with PBS-Tween. 100 ttI 
of conjugate (antihuman I i labelled with horseradishperoxidase) are 
added and the plate incubated _hr 1 Ii at "'C. l fie coutagatc buids to 
any antibody present. -he v,;cl's arc a arhed 3 tines in1'BS-Twc5n and 
o-phenry icocdiamin in. in drogen peronridc added for 15 tvuin at room 
temperature. The production olorenge coloairation indicates the pres-
ence of malaria antibody. 5r3 

to of hydrochloric acid are added to stop 
the reaction and the absorbance is read at 4y12 nm on an [LISA reader. 

[I;nei,e a/'Sciv fl tel 
To evaluate the ref rrxluribility, sensitivity and specificity ot'the 

assay the following samples were tested. 

Reference Samples. To test precision and reproducibility two pan-
els of reference rent were tested. Panel 1 comprised 2 kit reference 
controls and 6 sera with confirmed antibodies to P. falcip erum. These 
were tested on six occasions at a reference laboratory. Panel 2 com-
prised 2 kit  efcrenee controls and I mid range positive serum. These 
were tested by the four participating British Blood Transfusion Cen-
tres (A, B, C, Dl and the reference laboratory 

ClinicalSan;i,/cc. (1) 873 blood samples taken at presentation from 
patients who had i attended the Hospital for'Iiopicai Diseases (I [TD) in 
London were tested by ELISA. Of these, 150 had acute malaria diag-
nosed by positiy e blood fi ms, while 723 had negative blood films but 
had;.i do Ibretittel di:iguosn. which included malaria asapossibility.(2) 
88 pal cuts' sera, which had been sent to HTD for malaria antibody 
testing as part of their clinical care and subsequently stored, were test-
ed both by IFAT and ELISA. IFAT testing was performed quantitative-
ly to obtain a titre [8, 9]. 

Ti opicalAr-ea Blood Donors 
The four participating transfusion centres tested a total. of 1,000 

sera from blooddonors who had been sotentiailyexposedtomalariein 
tropical areas and excluded from red cell donation. Initially and re-
peatably reactive samples fro n three centres were tested by an in-
house ELISA at the reference, laboratory and by 11-A I at 11T13. 

Routine Blood Donors 
5.311 sera from routine blood donors taken at the four transfusion 

centres were tested. These donors had either never been exposed to 
real ;is or, following previous cspo coca. had been reinstated as full 
donors. Initially rc. ti 'e satnlplcs were retested in duplicate. Initially 
reactive and repeatahl aeacti\-e samples from three centres were test-
ed at the refereice laboratory 5y% reference El_ISA [71 and at HTD by 
IFAT. In add Lion, 75 sera irony routine donors loand to be nega tine by 
Launch [LISA were sent for confirmatory testing by reference ELISA 
and I_fAI'. 

Results 

Reference Samples 
Testing of panel I on six occasions by the reference lab-

oratory showed good precision w. ith little variation in results 
from run to run (table 1). One sample with low antibody 
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Table 1. Results of the reference laboratory testing serum panel 1 
by Launch ELISA on six occasions 

Launch FI..ISA optical density result 
1 4 

5 
6

1 0.49 0.52 0.49 0.61 0.62 0.63 
2 0.60 0.61 0.71 0.73 0.71 0.70 
3 0.32 0.36 0.45 0.43 0.37 0.34 
4 0.67 0.72 0.86 0.86 0.84 0.87 
5 0.67 0.68 0.80 0.81 0.78 0.71 
6 0.64 0.64 0,78 0.74 0.69 0.72 
Kit negative control 0.04 0.03 0.05 0.05 0.04 0.04 
Kit positive control 0.96 0.98 1.10 1.12 1.10 1.11 

Table 2. Mean optical density results after participating laborato-
ries tested senor/ panel 2 by Launch ELISA in triplicate 

Centre Kit reference control Mid-range 
samples reactive 

strongly negative 
sample 

reactive 

A 1.20 0.097 0.53 
B 1.14 0.099 0.47 
C 1.17 0.064 0.43 
D 1.16 0.066 0.42 
Reference laboratory 1.20 0,060 0.43 

levels was consistently reactive. When the four transfusion 
centres tested panel 2, highly reproducible results were ob-
tained with laboratories reporting optical densities virtually 
identical to those of the reference laboratory (table 2). 

Clinical Samples 
(1) Using El ISA to test sera from the 150 patients at the 

HTD with confirmed malaria, a repeatable reactive result 
was obtained in 73% with P filciparum infection and in 
561 f, infected with P vivax. P orale infections were also de-
tected but the numbers tested were small (table 3). Results 
for the 723 acute blood samples from patients in whom ma-
laria was part of the differential diagnosis but with a nega-
tive blood film showed that 20%, were reactive for malaria. 
antibodies by commercial ELISA. 

(2) le..sti g the 83 stored sera, 56 were positive by IFAT and 
52 ofthese (1)30 lf were  detected by the ELISA. Ofthe 5s IfA 
positives, 53 had titres against P falciparum and 51(96%) 
were positive by ELISA (table 4). 32 of the 88 sera were neg-
ative by IFAT. 31 of the 32 were negative by ELISA. 

The two positive P f ilcipanidn IFAT results missed by 
ELISA were probably falsely negative. One of these was 

Malaria antibody ELISA 

Table 3. Launch ELISA results on blood 
from patients attending 1111), London 

Blood him Samf e- Repeatably re-
results tested active by 

Launch ELISA 

P fni rparum 114 83 (73) 
P vnra.x 25 14 (56) 
P maiar~ae 1 0 
Po1ale 10 6(60) 
Negative 723 142 (20) 

Figures in parentheses represent percent-
age. 

Table 4. Comparison of Launch ELISA 
with P faiciparum IFAT 

......... ....... . ...... ........ ........ ......... ......... ......... ........... ......... .......... ......... ....... ........ 
I FAT Number of sera Number of sera 
litre IFAT-positive Launch 

ELISA-positive 

1/20 7 6 
1/40 9 9 
1/80 14 13 

1/160 23 23 

Total 53 51 

from a patient with a PAIciparuin IFAT positive at a titre of 
1 in 20 (i.e. weak positive) who had returned 3 weeks previ-
ously from an 8-month visit to Africa where he had suffered 
from malaria, species unstated. The other patient had a 
P,falciparum titre positive at 1. in 80 and presented at HTD 
with falciparum malaria (<0.001%, parasitaernia) 2 days af-
ter returning from the Gambia. A blood sample taken 18 
days after the start of his ill =es: was positive in the IFAT at I 
in 80 but negative by commercial El_ISA.. Had either of 
these patients with probably falsely negative ELISA results 
presented as blood donors, both would have been excluded 
on the basis of potential exposure to malaria within the pre-
vious 6 months. 

Serum from I patient was positive by IFAT both to P vi-
vat and P maiariae but negative by commercial ELISA. 
This patient had suffered vivax malaria and 10 months later 
presented with a mixed P falciparum and P vivax infection. 
A serum sample taken 4 days after presentation was IFAT-
positive at I in 320 toP vivax and at I in 40 to P inc/al/ac but 
negative by IFAT to P f ilciparwn. It was also negative in the 
commercial ELISA_ Although the patient had not been to 
the tropics for 10 months, he was unwell and febrile at pre-
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Table 5. Results of testing tropical area 
blood donors by Launch ELISA, reference Transfusion Samples tested Kit ELISA samples Kit reactives positive 

ELISA and IFAT centre by kit ELISA 
reactive in reactive in by reference by IFAT 
I test well both test wells ELISA 

A 250 6 5 ND ND 
B 250 3 1 2 2. 
C 250 7 7 4 0 
D 250 0 0 0 0 

Total 1,000 16(1.6) 15(1.5) 6 2 

Figures in parentheses represent percentage. ND Not determined. 

Table 6. Results of testing routine blood 
donors by Launch ELISA, reference ELISA Transfusion Samples Initially Repeatably Kit reactives positive 

and IFAT centre tested by reactive by reactive by 
by reference by IFAT 

Launch [LISA Launch [LISA Launch ELISA 
FL.ISA 

A 1,250 10 7 ND ND 
B 1,250 9 6 4 0 
C 1,555 6 6 4 0 
D 1,256 6 5 3 0 

Total 5,311 31 (0.58) 24 (0.45) 

Figures in parentheses represent percentage. ND Not determined. 

sentation and thus would have been excluded from blood 
donation. I patient with antibodies at I in 40 to!? nialariae in 
the IFAT was negative by ELISA. A blood sample was nega-
tive by polymerase chain reaction for P. rnalariae [War-
hurst, pers. com:mun.]. 

Tropical A rea Blood Donors 
Screening of the 1,000 tropical area donors by kit ELISA 

revealed 15 repeatably reactive samples (1.5%). Confinna 
Cory testing on 10 of these showed 6 were positive by refer-
ence ELISA and 2 positive by IFAT (table 5). 

Routine Blood Donors 
Of tic 5,311 donors tested by commercial ELISA, 31 

were initially reactive (0.58%) and 24 repeatably reactive 
(0.45%, table 6). Following confinnatory testing of 17 re-
peatably reactive samples from 3 centres, 11 were consid-
ered positive by the reference ELISA, but none were posi-
tive by IFAT (table 6). Confirmatory testing of 75 sera from 
routine donors negative by commercial ELISA showed that 
all were negative by reference ELISA and IFAT. 
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Discussion 

The results oftesting reference samples showedthe com-
mercial ELISA to have good inter- and intralaboratory con-
sistency and reproducibility. The ELISA detected 93% of 
those clinical samples found positive by IFAT. With respect 
to these aspects, the kit is potentially suitable as a screening 
assay for selected at-risk donors at transfusion service test-
ing centres in non-malaria endemic areas. 

With clinical samples from the HTD, the ELISA detect-
ed 73% of acute clinical P falciparunz infections and 56% of 
those currently infected with P viva.- with clinical symp-
toms. Even thou+Mh the test uses falciparum antigen there 
was useful cross-sensitivity in detecting vivax antibodies. It 
must be borne in mind that most of the samples were from 
patients suffering from acute malaria and antibodies may 
not be detectable during the first few days of symptoms 
[10]. This suggests a very high level of sensitivity for the 
assay. Similarly, Draper and Sirr [10] fiaun_dt:rat 78% ofT K 

residents suffering from their first attack of malaria had an-
tibodies detectable by IFAT to P falci~?ar-unt antigen within 
1 week after malaria had been diagnosed by blood film. .The 
proportion of individuals positive for malaria antibodies in-
creased from Ito 4 weeks after onset and then decreased. It 
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must be emphasised that the ELISA test is not intended for 
the clinical diagnosis of acute malaria; blood film exam-
ination remains the method of choice. We would have pre-
ferred to test samples from convalescent patients who 
would have been a group more comparable to at-risk do-
nors, of whom more would be expected to have antibodies, 
but we could not obtain such samples since patients are not 
followed up long term. We are confident the test is suffi-
ciently sensitive in detecting infected donors if sufficient 
time is allowed for the development of antibodies following 
exposure. A donorwith acute infection but a negative test in 
the `window' period would almost certainly be too ill to 
consider donating blood. A semi-immune donor who might 
be asymptomatic, but parasitaemic, would be expected to 
have detectable antimalarial antibodies [10]. 

It is noteworthy that 20% of the patients with negative 
blood films, not suffering from acute malaria, were reactive 
by ELISA. This reflects the high prevalence of past infec-
tion in the patient population at the HTD. Many of these 
patients had lived in or had visited malaria endemic areas. 

In screening tropical area donors by kit ELISA we found 
1.5% to be repeatably reactive. Ofthe 10 samples positive by 
commercial. ELISA 2 were positive by IFAT. The status of 
the discrepant results is uncertain. Whether they were true-
or false-positive, the results show that 98.5% of the donors 
exposed to the risk of malaria had a negative ELISA test. 
With no evidence of infection, their non-plasma compo-
nents were unnecessarily discarded under the eligibility 
protocol in use at the time, 

Of the routine donors tested by the commercial ELISA, 
24 were repeatably reactive. These donors had not been re-
cently exposed to malaria so most of these reactives may 
have been falsely positive. Of 17 reactives tested by IFAT 
none were positive. Some donors may have had antibody 
from old infections and been reinstated as red cell donors 
following periods of exclusion. We believe the observed re-
peatably reactive rate of 0.45%, although high, is acceptable 
for a screening test for a minor proportion of the donor pop-
ulation selected for possible malaria exposure, since a reac-
tive result in this instance does not carry the kind of critical 
clinical significance for the donor as is the case with lIlY or 
hepatitis B infections. 

If an antibody ELISA is considered for screening pur-
poses the timing of the test must be careful]  chosen. Suffi-
cient time following exposure must elapse to allow for the 
variable incubation period of each malarial species and for 
the development of antibody. We suggest screening 
6 months after the last exposure, both for returned travellers 
and for citizens of endemic areas arriving in the UT(. Cases 
of malaria do occur more than 6 months after last exposure 

Malaria antibody ELISA 

and are usually due to P. vivax. In 1992 and 1993, of 829 
cases of vivax malaria for which information was available, 
286 presented more than 6 months after arrival in the UK 
[3]. Only 7 of 1,434 cases of falciparum malaria occurred 
after 6 months. However, those without significant malarial 
immunity arc likely to be symptomatic and thus either un-
likely to attend a donor clinic or, should they attend, be re-
jected when questioned about their health. The few late 
cases that are asymptomatic, likely as the result: of previous 
immunity from pre-existing antibody, would give a positive 
reaction in the assay should they donate. 

It should be noted that with I' vivax, delayed attacks of 
malaria may occur 8 or 9 months after the last exposure and, 
with some strains o rP vivax, primary attacks can occur after 
18 months [11]. This is due to activation ofhypnozoites hith-
erto dormant in the liver. Neither hypnozoites nor pre-eryth-
rocytic schizonts give rise directly to clinical illness, and 
neither would be expected to produce positive antimalarial 
ELISA or IFAT tests. Thus a donor would be asymptomatic 
until parasites had begun multiplication in the erythtrocytes 
in the peripheral blood. Even a 1-year exclusion period 
would not eliminate this possibility. 

Testing at 6 months would shorten donor exclusion peri-
ods and make additional red cell units available. Other 
workers have argued for a shortening of deferral periods. In 
the USA Nahlen et al. [12] studied information on 22 of 32 
donors implicated in cases of transfusion-transmitted ma-
laria. They argued that shortening the deferral period from 
3 years to 6 months for US travellers would still have pre-
vented all but I of the 22 cases, equivalent to a ri sk of 1 addi-
tional case every 33 years. Admittedly, the risk of transfu-
sion transmission ofmalaria is greater in. the UK. Compared 
with the USA, the UK has almost twice as many cases of 
imported malaria in a population of 58 million. In 1991, in 
the United States and its territories with a population of ap-
proximately 255 million, 1,046 cases of malaria were rec-
orded: 43% were due to .P vivax, 39% to R Jalciparum, 6% 
P malariae and 2%  P. ovale, with 9% unspecified [13] . 

A combination of shortened deferral period and addition 
of serological testing would l ro,, ide added security com-
pared with history taking alone. In March 1994, a case of 
transfusion-transmitted falciparum malaria occurred when 
a female African donor living in London donated 2 months 
after a visit to Ghana.. Her serum was later found to contain 
antimalarial antibodies by IFAT and by ELISA. A history of 
foreign travel was not elicited. If it had been obtained, a 6-
month exclusion period would have excluded the donor 
from donation. \N, 'hen history taking is difficult or the de-
gree of risk following travel uncertain, antibody testing 
would provide an additional safeguard. In the two previous 
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Table 7. Proposed action on the result of a positive malaria ELISA 

screening test 

Test results Action 

ELISA screen-reactive Repeat ELISA -@ I ,,\ T 

or borderline 

ELISA positive IFAT Exclude from further donation 

negative No medical follow-up 

ELISA positive IFAT Clarify history; last possible exposure to 

positive malaria i.e. last visit t0 malarial area)? 
------------------------ --------- --- ----- - ---- ---- ------------------------ 
>2 years Exclude from farther donation 

No medical follow--up 

6 months to 2 years Review in local iniactious diseases unit or 

Advise donor: rositive antibody test; 

will need investigation if Ifbr-ile in the 

next year or 

Inform GP of antibody result and suggest 

options as above 

Long-term follow-up: for all positive ELISA results, whether or 

not confirmed by IFAT: opl i on 10 re-attend at 3 years and retest (signif-

icant number will have lost antibody if .no further exposure has oc-

curred). if antibody negative at retest, re-instate to donor panel if not 

excluded by current criteria. 

cases of transfusion-transmitted falciparum malaria report-
ed. by NLBTC, one was due to the lack of a full travel history 
but would have been prevented by a 6-month exclusion peri-
od, while the other was due to clerical error [14]. I-lad an 
inclusive policy for antibody testing been adopted, we feel 
these cases would have been most unlikely to be missed. 

From our results, 1.5% of at-risk donors would be reactive, 
equivalent to about 1,20() donors in Great Britain each. year. 
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