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Outline

* Why perform the NAT test for malaria on all donations across
Brazil

* NAT test for malaria adopted for blood donors in Brazil

* |nitial NAT results for malaria testing in Hemorio Blood Center
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O Brasil registrou no ano de 2020 um total d¢ 145188

casos de malaria (Figura 1). Comparando com o ano
de 2019, quando foram registrados 157.452 casos da
doenca, houve uma reducao de 7,8%. Diferente do

observado em relacao ao total de casos de malaria

145.188 cases/year (2020)

notificados no Pais, o numero de casos de malaria por
Plasmodium falciparum e malaria mista aumentou no
periodo. Em 2019 haviam sido registrados 17140 casos
desta espécie e em 2020 foram registrados 23.757, um

aumento de 38,6%.



Legal Amazon - 99.9% of cases
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Abstract

Malaria in Brazil is endemic in the Amazon region, but autochthonous cases with low parasitaemia
occur in the Atlantic Forest area of the country. According to Brazilian legislation no test is mandatory
for blood donors from non-endemic areas. However if they have traveled to malaria transmission
regions they are deferred for six months before they can donate. This report describes a transfusion-
transmitted malaria case in Sao Paulo, Brazil, where one recipient received infected blood and
developed the disease. He lived in Sao Paulo and had no previous transfusion or trips to endemic
areas, including those of low endemicity, such as Atlantic Forest. Thick blood smears confirmed
Plasmodium malariae. All donors lived in Sao Paulo and one of them (Donor 045-0) showed positive
hemaoscopy and PCR. This asymptomatic donor had traveled to Juquia, in the Atlantic Forest area of S
ao Paulo State, where sporadic cases of autochthonous malaria are described. DNA assay revealed P.
malariae in the donor's (Donor 045-0) blood. Serum archives of the recipient and of all blood donors
were analyzed by ELISA using both P. vivax and P. falciparum antigens, and IFAT with P. malariae.
Donor 045-0's serum was P. malariae IFAT positive and the P. vivax ELISA was reactive. In addition, two
out of 44 donors' archive sera were also P. vivax ELISA reactive. All sera were P. falciparum ELISA
negative. This case suggests the need of reviewing donor selection criteria and deferral strategies to
prevent possible cases of transfusion-transmitted malaria.
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Epidemioclogical characteristics of

422 transfusion-transmitted malaria cases reported in the American continent

Characteristics

Number of cases Proportion (%)

Country (n = 422; completeness = 100.0%)

Mexico
USA
Brazil
Canada

Venezuela

Peru

Colombia

214 50.7
170 40.3
28 6.6
4 0.9
3 0.7
2 0.5
1 0.3




Donor deferrals related to malaria exposure in Americas

Deferral rates related to malaria exposure in the American continent
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Country Location and period Period Subjects Sample Deferral cause Findings Reference
size
Canada  Nationwide data, except Québec 2007-2012 Candidate blood donors 1,625,432  Travel to endemic countries 76,312 deferred O'Brien et al. [26]
subjects
USA Six blood centres located in San Francisco (CA), 2006 Overall deferred donors due to travel 2108 Travel to Mexico 885 deferred Spencer etal. [31]
Milwaukee (WI), Cincinnati (OH), Pittsburgh (PA), to endemic countries donors
Dedham (MA) and Douglasville (GA)
USA Six blood centres located in San Francisco (CA), 2006 Overall non-eligible donors at 13,007 Travel to endemic countries 2108 deferred Spencer et al. [30]
Milwaukee (WI), Cincinnati (OH), Pittsburgh (PA), moment subjects
Dedham (MA) and Douglasville (GA)
Canada  Nationwide data Julto Dec 2004 Candidate blood donors 37,165 Travel to endemic countries 1105 deferred O'Brien et al. [25]
subjects
USA Nationwide data 2000-2006 Candidate blood donors 28,933,936 Travel to endemic countries 316,495 deferred | Leiby et al. [24]
subjects
USA Mississippi Valley Regional Blood Center Apr 2004 to Candidate blood donors NA Travel or residence in endemic countries 156 deferred Katz etal. [23]
Mar 2005 subjects
USA Six blood centres located in San Francisco (CA), 2003 Candidate blood donors NA Travel to endemic countries 12,310 deferred Spencer et al. [29]
Milwaukee (WI), Cincinnati (OH), Pittsburgh (PA), subjects
Dedham (MA) and Douglasville (GA)
Brazil Manaus NA Candidate blood donors 324 Previous history of malaria 38 deferrals Torres et al. [32]
Colombia Cali 2002 Candidate blood donors 286 Travel or living in endemic areas in the last year 115 deferrals Castillo et al. [22]
Canada  Nationwide data 2002 Candidate blood donors NA Travel to endemic countries 7216 deferred Shehata et al. [28]
subjects
Brazil Sado Paulo (SP) NA Candidate blood donors 1200 Travel to endemic areas without prophylaxis in the last 36 deferred Saez-Alquézar et

6 months, living in malaria endemic areas (deferral for

subjects

al. [27]
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Criteria for donor deferral in Brazil based on malaria exposure risk
{\Donor deferral
ENDEMIC AREA/ AMAZON D

/ | - Who had Malaria in the 12 months prior to the donation

D

5o Il - With fever or suspected Malaria in the last 30 days

Il - Who moved to or came from a high-risk area (Annual Parasite Index/A.P.l.

greater than 49.9) less than 30 days before donation
IV — Areas with active transmission, regardless the A.P.l.: a malaria test must be

carried out to detect Plasmodium

NON-ENDEMIC AREA 7 EXTRA-AMAZON REGION

| - Who traveled to or came from municipalities located in endemic areas:

~~~~~ 31 days to 12 months after displacement, provided they tested

negative for Plasmodium or Plasmodium antigens
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Detection of Plasmodium sp in blood donors

Detection of the parasite
(Plasmodim sp.)

/ SEROLOGY )
Antibody detection: IFA / ELISA

RAPID TEST
Detection of parasite antigens

/MOLECULAR DETECTION\

DNA of Plasmodium sp

Amplification Plot
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Window cases

HBV Malaria
0 0
2010(EM) 2 0 0
2011 1 0
2012 & 1 0
2013 14 6 0
2014 12 5 0
2015 15 6 18
2016 19 11 25
2017 36 7 25
2018 30 9 20
2019 21 8 16
2020 8 3 5
2021 1 0 4
2022 8 1 3
2023 | 0 0 0 5
TOTAL: 171 58 116 5

Fonte: Coordenagdo-Geral de Sangue e Hemoderivados - Ministério da Salde, margo/2023.
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Table 2 Cycle threshold (Ct) results for FMT-HVD samples using the BioRobot MDx (silica extraction) and NAT Plus
System (bead extraction) workstations, and in-house 785 RNA gene quantification

Patient Sample MDx (silica) MNAT Plus (beads) 185 RNA
quantification
Single (Ct value) Pool of six (Ct value) Single (Ct value) Pool of six (Ct Copies/pL
value)
1 Whole blood 1245 1436 550,3459
Plasma T1&.1 17.53 15.64 18.51 22,7329
2 Whole blood 18.66 2022 38,7669
Plasma 17.53 2033 21.41 19.91 895
3 Whole blood 2047 2361 13,7273
Plasma 2599 2883 20001 24 96 150.8
— Whole blood 1317 1517 53,4435
Plasma 2342 274 19.58 2295 161.7
5 Whole blood 1719 21.87 1946458
Plasma 2095 2423 17.45 21.08 3999
& Whole blood 15.7 21.29 1036232
Plasma 2016 26.7 15.39 1974 1929
7 Whole blood 18.2 20.08 3684284
Plasma 2232 2561 19.75 2338 24,047 6
8 Whole blood 2522 2992 1615
FPlasma Mon-reagent Mon-reagent 2812 31.84 7.1
= Whole blood 18.91 21.97 14,431.3
Plasrma 2361 26.75 20.51 2409 11553
10 Whole blocd 2443 2093 13589
Plasma 28.76 Mon-reagent 2607 2849 29
11 Whole blood 12.35 14.71 186,777.7
Plasma 26.53 291 2252 2574 4717
12 Whole blood 11.89 140 2396745
Plasma 26.7 29.36 2267 259 1092
13 Whole blood 1337 15.71 372,567.5
Plasma 2257 2573 183 2144 11563
14 Whaole blocd 16.86 195 19,8809

Plasma 2723 298 21.84 2584 113.2



Molecular test for malaria (NAT PLUS™)

Test features Multiplex Real-time PCR (HBYV,
HCV, HIV and Plasmodium sp)
Manufacturer Biomanguinhos/Fiocruz Malaria 185
Type of sample Plasma R
Required volume 1.5 mL of plasma from each j | -
donation =
Minipool size 6
Target Conserved region of the
18S rRNA gene
Sensibility 200 copies/mL
Limit of detection (LoD) 50.97 copies/mL (95% Cl)

Test able to detect Plasmodium vivax, falciparum, malariae, ovale and knowlesi

Pan-Plasmodium - but not discriminatory
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Detection of
Plasmodium spp in
human PLASMA

NAT PLUS HIV/HBV/HCV/MALARIA
Bio-Manguinhos KIT
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NAT for malaria in Hemorio: first results
Implementation date Oct 15, 2022
Donor samples tested up to May 9t 194,813
(7 months)
Origin of samples Rio de Janeiro and Espirito Santo states
- P. vivax — 1 case
2
Positive cases - P. malariae — 1 case

Prevalence 1.02/100,000 donations




Detection of molecular target MALARIA

(Plasmodium sp.) in human plasma samples
& 37 years old Brazilian male

& Lives in RJ since 2018

® No malaria-related symptoms

# From Maranhio state, part of Legal
Amazon

& Frequent visits to his hometown - but last
visit 15 months before; he had traveled to
Guyana (former English Guyana) in 2021

Sample in Pool

ajdwes ewseld

Ct: 27
Upper limit: 38




CONFIRMATORY ANALYSIS
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RAPID TEST  sesiorio MALARIA TIPYNG gPCR

C H - H s
THIN BLOOD SMEARS o MALARIA MALARIA Bio-manguinhos G=...
- 12 PipLDH 12 PhpioH)
T1: PA(HRP-2) T1: PA(HRP-2) D
(15min) (15min)

— ———————

Plasmodium sp /.-/ =
Contro Control w5 Plasmodium vivax /
P. vivax P. vivax / ;
R 15000.000 / /
Je+4 | .‘/ / :
3 J )
\ / Internal Control
1,002+ | / / T 1
15 20 25 30 35 40 45

Cycle

1 Q ‘ 1 ‘ ‘ @ Malaria sp @ P falciparum @ P vixax ® RP
Red blood cells

- AR

YYYY
WL EL D
b7l el D

YYYY

Plasmodium vivax

!
SEQUENCING >



Detection of molecular target MALARIA
(Plasmodium sp.) in human plasma samples
& A 51 years old Brazilian male |
~ MALRRY i
& No malaria-related symptoms x Ct: 305
é Reports that had traveled to the P o T )
Atlantic Forest regions in Rio de | ——
Janeiro state 3 months before blood
donation ~ MAARQ
® Sporadic cases of autochthonous

sa|dwes gwseld

Malaria have already been described in
those areas
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LOOK BACK

 RBC from the previous donation transfused to a child
who underwent Bone Marrow Transplantation

e Current sample (whole blood) from the child tested
for malaria with NAT Plus (Hemorio) and Pan-malaria-
Bio (Fiocruz): negative results



SEQUENCING DATA
PHYLOGENETIC ANALYSIS
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Detection of molecular target MALARIA
(Plasmodium sp.) in human plasma samples

|
NAT PLUS: Pool and Single:

Malaria Detected

® The person lives in an endemic area: Amazon Thick blood smears:
Positives ¢fiemoam

& No symptoms

NUCLEIC ACID
SEQUENCING




Detection of molecular target MALARIA
(Plasmodium sp.) in human plasma

samples
NEW CASES #Hiemoam
NAT PLUS: Pool and NAT PLUS: Pool and
Single: Malaria Single: Malaria
® No symptoms. Detected Detected
Thick blood smears: Thick blood smears:
® The two blood donors live in Positive Positive
endemic area: Roraima state
(Amazon region)

plasmodium falciparum



Donor deferral due to malaria exposure risk

Period Deferred %
donors
Oct 2021 — Sep 139 0,15%
2022 p<0,01
Oct 2022 — May, 23 0,04%
10th 2023




Preliminary conclusions

* Malaria NAT test implementation seems totally justified

* The use of plasma as a test material favors the logistics and speed of

testing

* The potential risk reduction and decrease in donor deferral related to

malaria exposure looks promising
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