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Malaria and transfusion
Transmission by transfusion

» Caused by a parasite, transmitted by mosquitos

» Five species of Plasmodium infect humans: P. falciparum, P. vivax, P. ovale, P. malariae,
and P. knowlesi

» Because the malaria parasite is found in red blood cells (RBCs), malaria can be
transmitted through blood transfusion, organ transplant, or the shared use of needles
or syringes contaminated with blood
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Malaria and transfusion Recipient
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Malaria transfusion risk in non-endemic countries
Such as Europe , US ,Canada, Australia

» Blood DONORS: A low risk of parasitemiain blood donors — at risk donors are

= travellers coming back from endemic countries

= people born in malaria endemic countries — can develop an immuno-tolerance — low
parasitemia ( persisting a long time after the return) — asymptomatic — very low level of
antibodies

» RECIPIENT : naive population - most of the time immunocompromised ( leukemia,
cancer) or other vulnerable patients (elder, new born ... )

» Blood products: risk concentrate on packed red blood cells and whole blood

= No risk anymore with platelet (in France) or plasma (very low level of residual erythrocytes
/ pathogen reduced platelets in some countries)
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TTMs in the last 20 years In
european countries

(2001 - 2021)
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Transfusion-Transmitted Malaria and
Mitigation Strategies in Nonendemic
Regions

Christoph Niederhauser®? Susan A. Galel<d

and; Pnstitute for Infectious Disease, University of Bern,
asanton, CA, UsA; “stanford University School of Medicine,

Country TTMs in the last 20 years Last notified  Reference for last
reported by survey respondents  TTM case notified case

Belgium None None na

Croati N 1964

R Nome None i 10 TTMs cases reported

=stonia None Mone na In Europe in the last 20

Finland Mone Mone na

France 7 cases 7015 58] years P rare adverse

Germany None 1997 [56] :

Croces Nona® 1087 atl effect of transfusion

Ireland MNone Mone na

Ital 3 * 2019 (60, 82]

— e e = A huge decrease of the

rﬁ'dhe Metherlands 1 case 2011 [62] numbers Of the cases

Morway Mone Mone na . ,

Poland since the 90’s because of

Ione Mone na : ;

ﬁm"ﬂﬂ'ﬂmm " P o the rigorous selection of

Sweden MNone 1980 the donors
_Switzerland None 1999 [B4]

UK (England, Scotland, Wales, N. Ireland) 1 case 2003 [59] ountries e 06/09/2024
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TTM : arare side effect of transfusion but always
present...

> ) Travel Med. 2024 Apr 13:taae059. doi: 10.1093/jtm/taae059. Online ahead of print.

A case of possible transfusion-acquired malaria in
Zaragoza, Spain

Antonio Beltran-Rosel ' 2 3 Jorge Ligero-Lépez ! 2, José Marfa Domingo-Marera *

Beatriz Lopez-Alonso 2, Ingrid Ferreira-Ferreira 1, Amparo Boquera-Albert ©,

José Miguel Rubio-Mufioz 7 8

Affiliations + expand
PMID: 38613442 DOI: 10.1093/jtm/taae059
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European regulation: European commission directive
2004/33/EC — mandatory (minimal requirement)

» Prevention of TTM based on the principle of
differing the donation of « at risk » donors —
duration of deferral period depending of the risk area within the first e yeam of e | provided person somain symptom free

may be reduced to 4 months if an immunologic or moelecular
genomic test is negative at each donation

Malaria (%)

> 3 years: individuals with a history of malaria 3 years following cessation of treatment and absence of symptoms.
= after returning from endemic countries for those who e B Fmmanclogc or moleru genomi
spent their little childhood in endemic countries
= after the resolution of clinical malaria ssymptomatc vistors 1o endemic areas | 6 month afcr leaing he endemic aea s an immunlogic o
» 6 months e Rl o ki) o withi e | iy b seduted i 4 saadh ¥ v ssnsuslofe e lecular e
= after the return from endemic countries ( for “simple T
travelers”)

Possibility to reduce the deferral duration by testing the donors with an immunologic or
molecular genomic test
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European recommandations — EDQM guide

Guide to the preparation, use and quality assurance of blood components.
21st Edition (2023)

Guide to the

preparation, use and

> Prevention of TTM also based of deferral period ... quality assurance of
BUT deferral period are reduced and the place of BLOOD
COMPONENTS

Immunological test is promoted

» 4 months + negative immunological test
= after returning from endemic countries for those who spent
their little childhood in endemic countries

= after the resolution of clinical malaria
(and 3 years if no testing or positive results)

= after the return from endemic countries ( for “simple European Committee = EDQM
” (Partial Agreement)
travelerS ) on Blood Transfusion
(CD-P-TS)

(and 12 months if NO testing)
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untry Selective testing for Aszays used If tested negative, permission for donating blood

donors at risk travelers former donors with

residents of a history of
endemicareas  malaria

European Countries policies - . o e w

Belgium Yes Malaria EIA (Bio-Rad) Yes Yes Yes

roatia fes Captia Malaria Total Ab EIA [Trinity Bictech) Yes Yes Ma
Malaria EIA (Bio-Rad)
ELISA Malaria Ab [Diapro)

» Each European (EU) country has to Danmark Mo - No No Yoo

Estonia Yes Anti-Plasmodium (lgG) (Euroimmun) Yes Yes Yes

apply the 2002 European directive Fntand - PP e — T —T T R ves

.. . France Yes ELISA Malaria Ab (Diapro) 1th line Yes Yes es
(m inimal re guiremen t) ELISA Anti-Plasmodium (IgG) (Eurcimmun)
2nd lime
rmany Mojyes? na No/fyes NoJyes Mo
. . . 2 Yes Movalisa™ Malaria Elisa (NOVATEL Mo Yes Yes
» EDQM guide contains recommendations immundiagnestis GmbH)
Ireland Currently not but is Captia Malaria Total Ab EIA (Trinity Biotech) No No Mo
H H . planned in the near future  Planned to implement in the near future
(at this time ... will become mandatory _
[taly Yes Different assays Yes Yes Yes
1 Malta Mo na Mo Mo Me
until 2028...) |
IThE Netherlands Yes Captia™ Malaria Total Antibody EIA (Trinity Yes Yes Yes
Bictech]
Morway Yes Malaria EIA (Bio-Rad) Yes Yes Mo

» But specific rules can be added , poland Mo - o No No

Partwsgal Yes Malaria EIA (Bio-Rad) Yes Yes s

depending of the local risk psin Vesio dependent  Walara EA (Bo-Rsd] Yesmo Ve Vesino
on the region) Anti-Plasmodivm (lgG) (Eurcimmun)
Captia™ Malaria Total Antibody EIA (Trinity
Biotech)
Transfusion-Transmitted Malaria and pweden He na No No Ne
Mitigation Strategies in Nonendemic [Switzerland Yies .:;[:—;f_i;ﬂaz‘;im (lgG) (Euraimmun), Malaria Yoo Yoo Vi
Regions
g o UK {[England, Scotland, Yes Captia Malaria Total Ab EIA (Trinity Bictech) Yes Yes es
[Wales, M_Ireland)
Christoph Niederhauser®® Susan A. Galel<¢
efs sante fr *Interregional Bloo(d Transfusion SRC, Bern, Switzerland; Institute for I:(e(!nous D:sgase, University of Bern, 1 Cionors with a3 qurﬂfmah.ia but unsure of it heing malara. ) Some blood banks in GEI"I'I'IBI\]I’ test for Plasmodivm antibodies Bfm“j“g to the Gerd
. . S:::;::rzcirlaunsd‘\ Roche Diagnostics Solutions, Pleasanton, CA, USA; “Stanford University School of Medicine, man He: & p‘y‘GLidElil‘lE!.
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FOCUS on French strategy

N =
France is free of malaria transmission , ".\ -
_ French «| Mayotte
— only imported cases Guiana

Exceptions in overseas territories: French Guiana and Mayotte Island

.‘;"4;:.,’." France

.

W But France has the highest numbers of imported malaria cases in Europe:

-about 4995 cases in 2022
88,8% of malaria cases = P. falciparum ( or P. falciparum in association with an other sp.)
Area of infection= sub-Saharan Africa in 99,5% of cases

87,6% of cases in former residents or natives of endemic countries ( malaria disease after a
travel to visit family in Africa)

(data from Santé Publique France — BEH may 2023)

efs.sante.fr
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= Since 2002 =4 cases of TTM

VoxSanguinis .
The Internatiorsl kBurnal of Transfusian Medicing . In France
® 7071 teratonal Sy of oo Tansion = 3 cases with P . falciparum —
3 death
Preventing transfusion-transmitted malaria in France = |n 2 cases . ELISA was
: : : negative !
In 1986 : screening became Evolution of the screening = The 4 donors involved were
mandatory for “at risk donors” for rules for native donors of s s WIRED @ AT
3 years after return from endemic endemic areas aftera TTM
countries (travelers and native) case in 2002

! !

1969- 1986- 2003 —
1986 2002 2024

e 5casesinl6 <+ 3casesin?2l

years years
e *5cases of °*=0.3 e = (0.15 cases
TTM / year cases/year [ year
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French donor selection and screening policies in 2024

Delay after returning from an endemic area

Donor status
4 months < Return < 3 years > 3 years

Born or having lived
in a malarial area within the first 6

- No symptoms - N0 symptoms
years of their life (“natives”) ymp ymp
OR AND AND
individuals who h d>6 a negative serological test at each - a negative serological
MEVIL LIS WO IEs SERiEe) = donation during the period test at first donation

consecutive months in a malarial

area
- No symptoms

Others (“travelers”) AND _ _ _ No symptoms
- a negative serological test at first
donation
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Focus on French strategy
FRENCH donor policy in 2024: management of a positive serology

» Donors who are native to a malaria-endemic area AND have a positive (or
Indeterminate) malaria serology — Deferred permanently

(pending appropriate screening tests to identify immuno-tolerant donors)

> Donors who are not native to a malaria-endemic area AND have an
Indeterminate or positive malaria serology:

v If INDETERMINATE: Deferred temporarily
May be re-accepted if the serology becomes negative on a control sample

v If POSITIVE : Deferred for 3 years
May be re-accepted after 3 years , if the serology becomes negative on a control sample
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French strategy outcomes — 2022 figures

Whole blood donations (ALL)

nb of WB donations en 2022

2 375 558|

Nb of WB donations tested for
malaria

101 20—

060of WB donations tested for malaria

4,3%

nb of REACTIVE results

3710

06 of REACTIVE results

3,7%

= 0 of WB donations discarded

0,16%

—

Whole blood donations (donors born in endemics

countries)

Nb of WB donations 13 224
nb of REACTIVE results 2 621
% of WB donations discarded in this 19 8%
population =
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Laboratory testing solutions

» What do we need?

Highly sensitive tests able to recognize the five species of Plasmodium
Highly specific tests

Tests which are easy to perform on fully automated systems
Cost-effective solutions

> The solutions we have is real life ...

= Serological tests : ELISA, IFAT...
= Direct tests: Thin/ Thick film examination, rapid antigenic tests , PCR

Etablissement francais du sang e Preventing transfusion-associated malaria in non endemic countries e 06/09/2024
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Laboratory testing solutions

A large majority of European countries use serological test (ELISA)

e Advantage: cost effectiveness
v’ easy to perform on a large sample size

v’ affordable
v’ a correct sensitivity/ specificity balance

e Disadvantages:

v" lack of sensitivity for donors native from malaria-endemic countries with
Inconsistent antibody titers (but a possible parasitemia !)

v' Majority of people born in endemic countries have a positive serology :
we defer a lot of donors with rare blood phenotype ®
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Laboratory testing solutions: and direct tests?

» 1 dogma persists: 1 parasitized red blood cell in 1 packed red cell could
be enough to transmit malaria

No evidences — No publications

But everyone working in transfusion know this dogma ....!!

» Sensitivity of the direct tests available (for P. falciparum)
e Rapid antigenic test = 100 parasites / pl
e Thick film examination = 10 to 20 parasites / pl
e Classic PCR from 0,1 to 1 parasites /ul

e New molecular tests (LOOP test for example) = 0,1 parasites / yL

Etablissement francais du sang e Preventing transfusion-associated malaria in non endemic countries e 06/09/2024
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Laboratory testing solutions

W Are molecular tests suitable for TTM risk prevention ?

e Main advantage = very specific »avoids loss of donated blood and donors

e Until a few years ago, PCR was not a suitable solution for blood blank because of the lack
of sensitivity

e Since 2023, new tests adapted on high throughput automated platforms with very
high sensitivity are available (based on amplification of 18S ribosomal RNA (rRNA) )

Etablissement francais du sang e Preventing transfusion-associated malaria in non endemic countries e 06/09/2024
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A novel mitigation strategy for the prevention of
transfusion-transmitted malaria

Laura Tonnetti®
Bryan R. Spencer’
Susan L. Stramer’

| Jamel A. Groves'

| Kristin Livezey*

| Deanna Self? | Manisha Yadav® |
| Jeffrey M. Linnen? |

TABLE 1 Analytical sensitivity of the Prodeix Plasmodium

Assay,
Infected whole .-
In vitro transcript  blood 2,85 - 4,62 RBCs parasitized / m
95% LoD in Copies/  95% LoD in RBCs/ i
Plasmodinm  mL (95% Fiducial mL (95% Fiduacial
species Limits) Limits) = 0,003 and 0,005 RBCs
P. falciparum  11.37 (8.88-16.19) 3.50(2.85-4.62) parasitized /IJL
P. knowlesi 9.08 (7.21-12.58) 2.10(1.72-2.87)

P. malanae
P. ovale

F. vivax

847 (6.80-11.45)
11.16 (8.15-18.01)
11.89 (9.04-17.74)

2,39 (1.85-3.59)
6.82(5.63-8.75)
285(1.66-16.75)
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Laboratory testing solutions

Furthers studies are needed to evaluate;:

e The performance of this new molecular tests
e The cost-effectiveness of these solutions vs serological testing

Objective: define a cost-effective STRATEGY to

e ensure safety of transfusion
e avoid the loss of donors native from malaria endemic countries
e enhance the supply of rare phenotype packed red cells
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Take home messages

% In Europe, the risk mitigation for TTM is based on a deferral policy = KEY POINT of
the mitigation strategy

W A large number of countries have implemented serological testing which reduced the
deferral time and prevented the loss of donation

9 The residual risk is mainly associated to an identified high-risk population = donors
born in malaria-endemic countries

% The current challenges are to optimize the testing strategy to:

- minimize the loss of blood products
- enhance screening sensitivity for the Immuno-tolerant donors
% We will have to imagine the malaria screening strategy for the future:

- based only on molecular tests ?
- or mixed strategy with serology AND molecular testing ?
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