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Abstract

Background In non-endemic countries, malaria can be transmitted through blood donations from imported cases.
To ensure standards of quality and safety of human blood, the European Union and Spanish national law, requires

a deferral period, or a screening by immunological or genomic test among those donors with potential risk of malaria.
Scientific societies, European Committee on Blood Transfusion, and Spanish Society of Haematology and Haemother-
apy, refer only to the result of the immunological test.

Methods An observational retrospective study was performed in potential donors with a positive immunologi-
cal test for malaria done in the Regional Transfusion Center in Madrid and referred to the National Reference Unit
for Tropical Diseases in Madrid between 2015-2020. At consultation a Polymerase Chain Reaction (PCR) for malaria
was performed.

Results During the study period, 121 possible donors attended for consultation at NRU-Trop. Median age: 38.5
(IQR:33-48); median time to consultation was 32 months (IQR:12.5-110). Eighty-two (67.8%) donors were migrants
and thirty-nine were travellers (32.2%). ELISA values were available for 109 subjects (90.1%), 56 individual left malaria
endemic area > 3 years before. All donors tested negative for Plasmodium spp PCR test (n=121, 100%).

Conclusions None of the subjects with a positive immunologic test deferred as blood donors had a positive
genomic test. The presence of Plasmodium spp in collected blood was not detected by molecular techniques. To
avoid the loss of potential blood donors, especially those with low incidence red blood cell antigens, as more precise
microbiology techniques become available, updating the existing legislation becomes necessary to increase the avail-
ability of donated blood.
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Background

Malaria is the parasitic disease with the highest asso-
ciated morbidity and mortality worldwide. Although
its incidence has decreased in the last decade, in 2021,
near 247 million people from 84 endemic countries
were diagnosed with malaria [1].

Although Europe is a non-endemic malaria area, 4856
malaria cases were reported in the European Union /
European Economic Area (EU/EEA) in 2021, 4855
(>99%) of which were confirmed cases. As many as
99.7% of the 4257 cases with known importation status
were travel-related [2]. Although malaria transmission
in non-endemic areas is rare, 11 cases were confirmed
as acquired in the EU in 2021 (three in Greece and
eight in France) [3, 4]. Also, several cases of congeni-
tal malaria and organ- and transfusion-transmitted
malaria have been reported [5-7].

Regarding the transmission of malaria through trans-
fusion, the EU/EEA has adopted four directives that
regulate standards of quality and safety of human blood
(2002/98/EC, 2004/33/EC, 2005/61/EC, and 2005/62/
EC) [8]. In addition, the 2004/33/EC European Direc-
tive was adopted in the Spanish national legislation in
2005 (Real Decreto 1088/2005) [9, 10].

The European Directive and Spanish national law
include specific sections about the information that
should be required from donors to initiate of donation
of blood components. Thus, a questionnaire is used to
collect information about the health status and medi-
cal history; further information is collected through a
personal interview performed by a qualified healthcare
professional. The aim of this interview is to determine
whether the donor may pose a health risk to others,
due to the potential presence of transmissible diseases.
(Part B-Annex II).

Specifically for malaria infection, four possible scenarios
are described in current legislation

+ Donors with a history of previous malaria infec-
tion. Donation will be deferred for a period of three
years following treatment completion. After this
period, they will be accepted if they have a negative
immunologic or molecular genomic test.

+ Donors with a history of undiagnosed febrile illness
during a visit to or within 6 months after depar-
ture from a malaria-endemic area. Donation will be
deferred for a period of 3 years following the reso-
lution of symptoms. This period may be reduced to
4 months if they have a negative immunologic or
molecular genomic test.
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+ Asymptomatic donors who have lived in a malaria-
endemic area within their first five years of life.
Donation must be deferred for a period of 3 years
following their return from the last visit to a
malaria-endemic area. This period may be reduced
to 4 months if they have a negative immunologic or
molecular genomic test.

+ Asymptomatic donors who have visited a malaria-
endemic area. Donation must be deferred for a
period of 6 months after departure from a malaria-
endemic area unless they have a negative immuno-
logic or molecular genomic test.

Therefore, malaria is an infectious disease that requires
a deferral period, which may be reduced or eliminated if
the donor’s immunologic or molecular genomic test is
negative [9, 10]. However, the Guide to the Preparation,
Use, and Quality Assurance of Blood Components of the
European Committee on Blood Transfusion (EDQM,
21th Edition, 2023) and the Standards in Hemotherapy
of the Spanish Society of Hematology and Hemotherapy
(SEHH, 5th Edition, 2019), widely used in common clini-
cal practice, only recommend the use of immunological
tests for the screening of malaria in potential donors who
have lived or visited an endemic malaria area [11, 12].

Objective

The aim of the study was to describe the number of
malaria cases confirmed by molecular testing among
individuals deferred/rejected as possible donors due to a
positive immunological test for Plasmodium spp.

Methods

Study design and participants

An observational retrospective study was performed
at the National Reference Unit for Tropical Diseases
(NRU-Trop) of the Ramén y Cajal University Hospital
in Madrid, Spain, between January 2015 and December
2020.

All individuals were voluntary donors of the Regional
Transfusion Center (RTC) in Madrid. Following the
guidelines of scientific societies (EDQM and SEHH), all
possible donors were asked about their country of origin,
the countries they had lived in or visited, and the date of
departure from a malaria endemic area. If there was a
risk for malaria, immunological testing for Plasmodium
infection was performed at the RTC. If positive, donors
were deferred as donors and contacted from RTC and
referred to the NRU-Trop or another Tropical Unit in
Madrid. To evaluate a potential malaria infection, during
this consultation at NRU-Trop, a new sample was col-
lected to perform a Polymerase Chain Reaction (PCR)
for Plasmodium spp. Deferred donors were classified into
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two groups: migrants (persons living in Spain born in an
endemic malaria country) or travellers (Spanish travellers
who had visited an endemic malaria area).

Procedures

Demographic and epidemiological data included date of
birth, age, gender, country of origin or visited country,
date of consultation at the NRU-Trop, time from dona-
tion to consultation (defined as months elapsed from
donation at regional transfusion center to consultation
at the NRU-Trop) and time to consultation (defined as
months elapsed from leaving a malaria-endemic country
to consultation at NRU-Trop).

Screening for malaria was performed by serology.
Qualitative and semi-quantitative detection of antibod-
ies against Plasmodium spp (Plasmodium falciparum,
Plasmodium vivax, Plasmodium ovale and Plasmodium
malariae) in human serum or plasma was performed by
Enzyme-Linked-Immunoassay (Bio-Rad® France) [13]
measuring absorbance A,s;. According to the manu-
facturer’s instructions, for assay validation, the negative
should be lower or equal to 0.080. For the positive control
sample to cutoff ratio (S/CO) should be greater than or
equal to 1.000.

Confirmation of malaria infection was performed by
PCR. During the study period, two different PCRs were
used: until December 2017, an in-house Semiminested
Multiplex-PCR [14] based on the amplification of small
subunit of the human ribosomal (ssrRNA) with a detec-
tion limit of 0.01-0.001 parasites/pl and since January
2018, a commercial Real-Time Multiplex-PCR (Plasmo-
dium Typing Real-Time PCR, Bio-Evolution®, France)
with a detection limit of 10 copies/ul. This PCR detects
genes coding for ssTRNA, AMAL or Plasmepsin of P. fal-
ciparum, P. malariae, P. ovale, P. vivax and P. knowlesi. A
region of human [-actin gene is targeted as internal con-
trol. Whole blood samples in EDTA tubes were used for
PCR and stored at 4°C for a maximun of 7 days prior to
processing.

Statistical analysis

Descriptive statistics were used to assess epidemiologi-
cal characteristics. Continuous variables were presented
as means with standard deviations and median values
with their 25th-75th percentiles. Categorical variables
were expressed as absolute frequencies and percentages.
Normality tests were performed. The Mann—Whitney U
test was used to examine potential associations between
immunological test results and time to consultation.
Time to consultation was divided into two categories
(<3 years or>3 years). Statistical analyses were per-
formed using statistical package STATA®, Version 17.0
(StataCorp LP, College Station, TX, USA).
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Ethical statement

The patient database was approved by the Ethics Com-
mittee of Ramon y Cajal Hospital (179/14). All donors
provided written informed consent.

Results

During the study period, 121 possible donors attended
for consultation at NRU-Trop. Sixty-four (52.9%) were
men and median age was 40 years (38—41). Median time
to consultation was 32 months (12.5-110).

Eighty-two (67.8%) donors were migrants, of whom 44
(53.7%) were men; the median age was 39 years (30-47)
(Table 1). The main continent of origin were the Ameri-
cas (n=64, 78.1%), followed by Africa (n=12, 14.6%) and
Asia (n=6, 7.3%). The most frequent countries of origin
were Ecuador (n=25, 30.5%) and Bolivia (n=9, 10.9%)
(Fig. 1). The median time from departure from a malaria-
endemic area to consultation was 47.5 months (17-125).
Specifically, 43 donors (52.4%) had left a malaria-endemic
area more than 36 months before (3 years) and 22 donors
(26.8%) had left a malaria-endemic area more than
120 months before (10 years). Two donors from Africa
(Equatorial Guinea) had left an endemic malaria area
more than 600 months before (> 50 years).

Thirty-nine (32.2%) donors were travellers. Among
them 20 (51.3%) were men, and median age was 42 years
(35—49). Twenty-three donors (58.9%) had travelled to an
endemic area more than once, with a total of 78 travels.
Sixteen donors (41.0%) had travelled to an endemic area
once, 7 (17.5%) had travelled twice, and 16 (41.0%) had
travelled to an endemic area three or more times. The
most frequently visited area were the Americas, (n=33,
42.3%), followed by Asia (n=25, 32.1%) and Africa
(n=20, 25.6%). The most frequently visited countries
were Mexico (n=10, 12.8%), Thailand (n=10, 12.8%) and
India (n=5, 6.4%) (Fig. 2). The median time from depar-
ture from a malaria-endemic area to consultation was
18 months (6-62).

ELISA was performed in all potential donors, but
information regarding the value obtained was not
available for all of them. In such cases, results were

Table 1 Epidemiological characteristics of all potential donors

Migrants Travelers Total
n=282 n=39 n=121
Age (years) 38.8 (30.4-46.6) 41.7 (34.8-49.4) 40 (38-42)
Gender
Male 44 (53.7%) 20 (51.3%) 64 (52.9%)
Female 38 (46.3%) 19 (48.7%) 57 (47.1%)
Time to consulta-  47.5 (17-125) 18 (6-62) 32(125-110)

tion (months)
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Fig. 1 Migrants: Country of origins

Number of travelers:
1 Donor
2 -4 Donors
>5 Donors

Fig. 2 Travelers: Country visited

only informed as positive, without data on the value
obtained. ELISA values were available for 109 sub-
jects (90.1%). Since 60% of travellers had travelled to
a malaria-endemic area more than once, ELISA values
could not be related to the country visited. ELISA val-
ues for migrants are described by continent in Table 2.

Regarding ELISA values and time to consultation for
migrants (n="72, 66.1%), there were no significant dif-
ferences in ELISA values based on whether time to con-
sultation was more or less than three years (p=0.545).
In contrast, for travellers (n=37, 77.9%) significant dif-
ferences were found between both groups (p=0.003)
(Fig. 3).
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At the NRU-Trop, all donors tested negative for the
Plasmodium spp Seminested PCR (n=61, 50.4%) and
for the commercial PCR (n =60, 49.6%).

Table 2 ELISA values for migrants

AREA ELISA Time to
consultation
(months)
America (n=61) 3.99 (1.44-19.30) 57(19.5-132)
Asia (n=4) 6.85(3.93-10.52) 61.5(17-117)
Africa (n=7) 7.28 (1.65-17.07) 18 (3-142.5)
TOTAL (n=72) 3.45(1.48-16.97) 475 (17-125)
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Fig. 3 Boxplot: ELISA and time to consultation

Discussion

In this study, Plasmodium RNA was not detected by
genomic testing, a technique with a high sensitivity and
specificity [15-17], in any of the 121 blood donors previ-
ously deferred for a positive antibody test.

Immunological/genomic testing is required by Euro-
pean and Spanish legislation in donors born in, living
in, or visiting a malaria-endemic area. Subjects with a
positive result are temporarily excluded as donors [9,
10]. However, the recommendations of scientific socie-
ties such as EDQM and SEHH only refer to the result of
the immunological test and not recommend nucleic acid
testing (NAT) for use in screening of blood donors [11,
12].

In this study, none of the subjects with a positive sero-
logical test had a positive molecular diagnostic test.
These results may reasonably exclude an existing malaria
infection and the presence of parasitaemia potentially
transmissible by blood transfusion. However, regard-
less of the results obtained, none of these subjects were
subsequently considered as donors because neither the
European or Spanish legislation or guidelines specified
what to do in these cases.

These results raise several questions. The first question
is how to interpret the results of the malaria serology. A
positive serologic result reflects that the donor has been
potentially exposed to malaria antigens but does not nec-
essarily indicate acute or asymptomatic malaria infection.
Therefore, positive serology does not demonstrate the
infectivity of blood components [18].

Moreover, it has been reported that some serologi-
cal tests may have a low sensitivity for the detection of

antibodies against Plasmodium antigens. A recent Ital-
ian study compared five ELISA donor screening kits, and
sensitivity ranged from 53 to 64%. As a result, the same
individual may be included or excluded from donation
depending on the test used [19]. Additionally, a false
positive result can be obtained due to a crossing reaction
with other diseases [20, 21].

To avoid the loss of donations due to positive immu-
nological positive tests for malaria antibodies, EDQM
and SEHH recommend reevaluating the potential donor
after a period of three years. However, this study shows
that repeating tests is not effective, as immunological
tests remained positive after three years in travellers, and
migrants.

The other question is about the role of NAT in the
screening of malaria in donors. Although genomic testing
is mentioned in European and Spanish legislation, it is not
referred to in EDQM or SEHH guidelines. From a micro-
biological point of view, molecular techniques are more
accurate in screening for malaria infection. In fact, these
techniques can detect 0.001-0.01 parasite per microlitre,
detecting submicroscopic asymptomatic malaria infec-
tion that cannot be diagnosed by thick-smear and thin—
film microscopy'>!®. Molecular tests have been used
in several studies for the screening of imported malaria
infection in asymptomatic migrants, with prevalence
being as high as 14.25%, being more frequent in those
who have left malaria-endemic area <3 years before [22,
23]. Therefore, molecular testing seems to be the most
accurate technique in detecting malaria infection with
existing parasitaemia. Unlike serology, molecular test-
ing will be negative in patients with past/treated malaria.
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Therefore, its use would allow more precise identification
of possible malaria-transmitting donors. Furthermore, a
recent study conducted in the USA presents automated
assays that detect ribosomal RNA for routine donor test-
ing with high sensitivity [24, 25].

The use of screening methods is of paramount impor-
tance to prevent donations of potentially malaria-trans-
mitting blood. In this regard, serology appears to offer
these guarantees. In fact, in a systematic review of trans-
fusion-transmitted-malaria (TTM) in a non-endemic
area, only 100 cases reported of TTM were reported and
thirty-eight of these occurred in Europe [26].

The main challenge is the development of an optimal
screening algorithm that ensures the safety and quality
of blood components and at same time does not result in
a loss of potential donors. The first step, which includes
an initial structured questionnaire to assess the risk for
malaria infection and subsequent immunological test-
ing, without doubt should be maintained. However, new
strategies should be explored to avoid the loss of poten-
tial donors with low incidence red cell antigens, which
are rare in Caucasians but common in people from Asia,
the Americas, or Latin America [27-29].

Kitchen et al. [30] carried out a study in the UK, with
a recruitment period of almost three and a half years in
which 140,000 potential donors had an epidemiological
risk of malaria. Of these, 3.1% had a positive result in the
serological test. In the study, these patients underwent
a confirmatory technique (IFAT—Antibody Immuno-
fluorescent Test), which was positive in only 0.84% of the
total sample and 0.01% were positive by PCR. Extrapolat-
ing these data to our legislation, 3.1% of patients would
have been rejected as donors [30].

With the increase in international travel to malaria-
endemic regions, it is important to consider this donor
profile. Moreover, the population of migrants from
malaria-endemic areas is also increasing, and they are
being denied the possibility of donating blood and as
recipient, receive blood with low incidence red blood cell
antigens.

Nonetheless, the study had several limitations. It is
important to note that this is a retrospective study, with
its associated limitations. This study describes a cohort
of donors deferred for a positive immunological test, but
no information about the total number of immunological
tests performed is available. However, this study calls into
question the correct implementation of the question-
naires that are given to donor and on which are decided
to performed malaria screening. Based on these results,
immunological testing was performed on 56 individu-
als, who had left a malaria-endemic area more than three
years before, therefore, did not meet the epidemiologic
criteria for determining the groups to be screened. This
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may affect screening results and highlights that immu-
nological testing may not be clearly representative of
malaria transmission risk.

Conclusion

In potential donors with a positive immunological test,
but asymptomatic and with low epidemiological risk fac-
tors, molecular testing should be considered. In this way,
individuals with negative molecular test could be allowed
as donors. However, to reduce human error, probably a
second PCR determination or DNA extraction should be
considered for ensure the safety of blood components.
However, further research is required to determine the
most appropriate screening algorithms for malaria, to
avoid the loss of potential blood donors, but also to
continue ensuring the quality and safety of blood com-
ponents. In addition, as more precise microbiology tech-
niques become available, updating the existing legislation
becomes necessary to increase the availability of donated
blood.

Author contributions

BMM and MDCL conceived the idea, design the study and wrote the manu-
script with GRC carrying out the subsequent analyses. OM, SCT, CCA, FFN,
JAPM, MG, MRCS, ARL, JMR and RLV all providing feedback and suggestions
during manuscript drafting. MDCL, OM and BMM verified the underlying data.
All authors had full access to all the data in the study and had final responsibil-
ity for the decision to submit for publication. MDCL is in the Medical Research
Doctoral PhD in Universidad de Alcal. de Henares, Madrid.

Funding
Instituto de Salud Carlos Il (PI21/01484), co-funded by the European Union.

Availability of data and materials
Data is available on demand of corresponding author.

Declarations

Competing interests
The authors declare no competing interests.

Author details

'Infectious Diseases Department, National Referral Unit for Tropical Disease,
Hospital Ramén y Cajal, IRYCIS, Madrid, Spain. 2CIBER de Enfermedades Infec-
ciosas, Instituto de Salud Carlos Ill, Madrid, Spain. *Microbiology Department,
National Referral Unit for Tropical Disease, Hospital Ramén y Cajal, IRYCIS,
Madrid, Spain. “Biostatistics Department, Hospital Ramaén y Cajal. IRYCIS,
Madrid, Spain. *Regional Transfusion Center, Madrid, Spain. °National Center
for Microbiology, Instituto de Salud Carlos Ill, Madrid, Spain.

Received: 4 February 2024 Accepted: 26 April 2024
Published online: 06 June 2024

References

1. WHO. World malaria report 2022. Geneva: World Health Organization;
2022.

2. European Centre for Disease Prevention and Control. Malaria. In: ECDC.
Annual epidemiological report for 2021. Stockholm: 2023.



Corbacho-Loarte et al. Malaria Journal

20.

21

22.

(2024) 23:179

Hellenic National Public Health Organization (EODY). Epidemiological
surveillance report: Malaria in Greece, 2021. Athens; 2021.

Boher E BO, Boulanger N, Bourhy H, Caumes E, Chidiac C, et al. Health
recommendations for travellers, 2022 (for health professionals). Bull
Epidemiol Hebd. 2022, Hors-série, 39-40.

Velasco E, Gomez-Barroso D, Varela C, Diaz O, Cano R. Non-imported
malaria in non-endemic countries: a review of cases in Spain. Malar J.
2017;16:260.

Tejero R, Gallego C, José Lacasa M, Mufioz J. Fiebre nosocomial de origen
incierto en una paciente politraumatizada. Enferm Infecc Microbiol Clin.
2003;21:511-2.

Martin-Davila P, Norman F, Fortin-Abete J, Piris M, Lovatti R, Rubio JM,

et al. Donor-derived multiorgan transmission of mixed P malariae and

P ovale infection: impact of globalization on post-transplant infections.
Transpl Infect Dis. 2018;20:12938.

Sandid I. Réglementation européenne relative au sang et a ses com-
posants: déclinaison au niveau de la réglementation francaise. Transfu-
sion Clin Biol. 2010;17:310-4.

Directive 2004/33/EC of 22 March 2004 implementing Directive 2002/98/
EC of the European Parliament and of the Council as regards certain tech-
nical requirements for blood and blood components.

REAL DECRETO 1088/2005, de 16 de septiembre, por el que se establecen
los requisitos técnicos y condiciones minimas de la hemodonacion y de
los centros y servicios de transfusion. Ministerio de Sanidad y Consumo.
Martes 20 de septiembre de 2005. Ministerio de Sanidad y Consumo. RD
1088/2005. BOE 25.

. European Directorate for the Quality of, Medicines & HealthCare of the

Council of Europe (EDQM). Guide to the preparation, use and quality
assurance of blood components: recommendation No. R (95) 15. 21.
Strasbourg, 2023.

Estdndares en hemoterapia. Sociedad Espafiola de Hematologia y
Hemoterapia. Sociedad Espariola de Transfusion Sanguinea y Terapia
Celular. 2019.

EIA Test kits For the detection of antibodies to: Plasmodium falciparum,
Plasmodium vivax, Plasmodium ovale, Plasmodium malariae. Newmarkey
Laboratories Ltd. Bio-Rad.

. Rubio JM, Benito A, Berzosa PJ, Roche J, Puente S, Subirats M, et al. Useful-

ness of seminested multiplex PCR in surveillance of imported malaria in
Spain. J Clin Microbiol. 1999;37:3260-4.

. Rubio JM, Post RJ, Docters van Leeuwen, Henry MC, Lindergard G,

Hommel M. Alternative polymerase chain reaction method to identify
Pasmodium species in human blood samples: the semi-nested multiplex
malaria PCR (SnM-PCR). Trans R Soc Trop Med Hyg. 2002;96 Suppl
1:51/199-204.

. Ramirez AM, Tang THT, Suérez ML, Fernandez AA, Garcia CM, Hisam

S, et al. Assessment of commercial real-time PCR assays for detection
of malaria infection in a non-endemic setting. Am J Trop Med Hyg.
2021;105:1732-7.

. Fradejas |, Rubio JM, Martin-Diaz A, Herrero-Martinez JM, Ruiz-Giardin JM,

Rojo-Marcos G, et al. Prevalence of submicroscopic malaria infection in
immigrants living in Spain. Malar J. 2019;18:242.

. Grande R, Petrini G. Immunological testing for malaria and blood donor

deferral: the experience of the Ca’' Granda Polyclinic Hospital in Milan.
Blood Transfus. 2011,9:62-6.

. Mangano VD, Perandin F, Tiberti N, Guerriero M, Migliaccio F, Prato M,

et al. Risk of transfusion-transmitted malaria: evaluation of commercial
ELISA kits for the detection of anti-Plasmodium antibodies in candidate
blood donors. Malar J. 2019;18:17.

Abramo C, Fontes CJF, Krettli AU. Cross-reactivity between antibodies

in the sera of individuals with leishmaniasis, toxoplasmosis, and Chagas’
disease and antigens of the blood-stage forms of Plasmodium falciparum
determined by indirect immunofluorescence. Am J Trop Med Hyg.
1995;53:202-5.

Naus CWA, Jones FM, Satti MZ, Joseph S, Riley EM, Kimani G, et al. Sero-
logical responses among individuals in areas where both schistosomiasis
and malaria are endemic: cross-reactivity between Schistosoma mansoni
and Plasmodium falciparum. J Infect Dis. 2003;187:1272-82.
Corbacho-Loarte MD, Crespillo-Andujar C, Chamorro-Tojeiro S, Norman
F, Pérez-Molina JA, Martin O, et al. Screening of imported malaria infec-
tion in asymptomatic migrants from sub-Saharan Africa: a retrospective
analysis of a 2010-2019 cohort. Travel Med Infect Dis. 2022;49: 102411.

23.

24.

25.

26.

27.

28.

29.

30.

Page 7 of 7

Requena-Méndez A, Cattaneo P, Bogale RT, Marti-Soler H, Wangdahl A,
Buonfrate D, et al. Malaria parasite prevalence among migrants: a system-
atic review and meta-analysis. Clin Microbiol Infect. 2023;29:1528-37.
Tonnetti L, Groves JA, Self D, Yadav M, Spencer BR, Livezey K, et al. A novel
mitigation strategy for the prevention of Transfusion-Transmitted malaria.
Transfusion. 2024;64:94-103.

Pate L, Sunga J, Dodoo C, Duncan J, Dyer N, Galel S, et al. Detection of
Plasmodium in US Blood Donors. Transfusion. OA2-AM23-SN-19 2023:63.
Disponible en: https://onlinelibrary.wiley.com/doi/https://doi.org/10.
1111/4rf6_17554

Verra F, Angheben A, Martello E, Giorli G, Perandin F, Bisoffi Z. A systematic
review of transfusion-transmitted malaria in non-endemic areas. Malar J.
2018;17:36.

Thornton NM, Grimsley SP. Clinical significance of antibodies to antigens
in the ABO, MNS, P1PK, Rh, Lutheran, Kell, Lewis, Duffy, Kidd, Diego, Yt,
and Xg blood group systems. Immunohematology. 2019;35:95-101.
Meny GM. An update on the Duffy blood group system. Immunohema-
tology. 2019;35:11-2.

Maheshwari A, Killeen RB. Duffy Blood Group System. Treasure Island;
2023.

Kitchen AD, Chiodini PL, Tossell J. Detection of malarial DNA in blood
donors—evidence of persistent infection. Vox Sang. 2014;107:123-31.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1111/trf.6_17554
https://doi.org/10.1111/trf.6_17554

	Screening blood donors for malaria, can we increase the number of eligible donors? An observational retrospective study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Specifically for malaria infection, four possible scenarios are described in current legislation
	Objective

	Methods
	Study design and participants
	Procedures
	Statistical analysis
	Ethical statement

	Results
	Discussion
	Conclusion
	References


