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Background -  Transfusion-transmitted malaria remains a significant challenge 
in endemic areas and is a leading cause of blood donation deferral. Rigorous 
clinical and molecular screening is essential to ensure the safety of blood 
components. The presence of low-density Plasmodium spp. parasitemia in 
asymptomatic individuals can compromise transfusion safety and perpetuate 
disease transmission. This study aimed to describe malaria positivity detected 
by the NAT PLUS HIV/HBV/HCV/Malaria kit (Bio-Manguinhos), as well as to 
characterize the epidemiological profile of blood donors and the main deferral 
causes at a reference blood center in the Brazilian Amazon. 
Materials and methods - This was a retrospective observational study using 
secondary data from the HemoSys database, which included sociodemographic 
variables, clinical screening, and self-reported malaria history from blood 
donors. Cases of clinical malaria were investigated among NAT PLUS-positive 
donors within six months before and after the reactive donation. 
Results - A total of 67,114 blood donors tested using the NAT PLUS assay were 
included. The median age was 35 years (IQR 25-43), with a predominance 
of male donors (65.1%). Most self-identified as mixed race (80.5%) and had 
completed high school (53.3%). Malaria-related factors accounted for 2.6% 
of deferrals (No.=27,434). Malaria positivity detected by NAT PLUS assay was 
0.01% (8/67,114), with all reactive donors being asymptomatic at screening. 
Most positive cases (6/8) occurred during the low-transmission period (rainy 
season). One donor (12.5%) developed symptomatic malaria (P. falciparum), 
confirmed by thick blood smear and notified in the SIVEP-Malaria system 
shortly after donation. 
Discussion - Individuals testing positive for Plasmodium spp. by NAT PLUS 
assay may progress to clinical malaria post-donation, posing risks to both 
donor health and transfusion safety. The frequent absence of information 
on malaria exposure during clinical screening highlights the need for 
standardized protocols and molecular testing to improve early identification 
of at-risk donors in endemic regions.
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INTRODUCTION
Malaria remains a public health challenge in the Brazilian 
Amazon, where persistent transmission hinders elimination 
efforts. In 2022, Brazil reported 131,224 cases, mostly 
caused by Plasmodium vivax (P. vivax) (84.2%), followed by  
Plasmodium falciparum (P. falciparum) (13.9%), the latter 
associated with severe disease. Although typically less 
severe, P. vivax can also cause severe malaria1,2. Additionally, 
mixed infections accounted for 1.8% of cases, and Plasmodium 
malariae (P. malariae) infections were reported in less than 
0.1% of cases1. Transfusion-transmitted malaria (TTM) 
poses additional risks, especially for immunocompromised 
recipients, due to the difficulty of detecting low parasitemia 
in asymptomatic donors3-5. In the Americas, P. falciparum 
is most often linked to TTM (43.1%), followed by P. malariae 
(27.7%) and P. vivax (23.1%)4. 
Molecular screening, based on nucleic acid amplification 
tests (NAT), offers a highly sensitive method for detecting 
malarial infections in blood donors, even in instances 
of low-density or asymptomatic infections that may go 
undetected by conventional methods. The implementation 
of NAT assay is essential to ensure transfusion safety and 
minimize the risk of TTM. The NAT PLUS HIV/HBV/HCV/
Malaria Bio-Manguinhos kit (Instituto de Tecnologia em 
Imunobiológicos de Bio-Manguinhos, Rio de Janeiro, 
Brazil), which has been routinely used, has demonstrated 
excellent analytical performance, with sensitivity ranging 
from 92.45 to 100% and specificity from 99.8 to 100% 
(95% CI). It is designed to detect the Plasmodium 18S 
rRNA target gene using a plasma sample collected from 
the blood donor6. With molecular screening in place, it 
becomes possible to identify submicroscopic parasitemia 
in asymptomatic donors. Previous studies underscore 
the presence and significance of asymptomatic infections 
with low parasitemia and gametocytemia contributing to 
the persistence of malaria and disease-related morbidity 
in endemic areas7-9.
Before the implementation of molecular screening, 
donor eligibility in Brazil for individuals potentially 
exposed to malaria was determined based on clinical and 
epidemiological history, including the Annual Parasite 
Incidence (API) of the donor’s municipality of residence. 
This information, obtained during the clinical screening 
interview, was critical for assessing deferral. In the absence 
of more sensitive diagnostic tools, self-reported exposure 

remained the only available source of epidemiological 
data. According to Consolidation Ordinance No 5/2017, 
individuals residing in municipalities with an API greater 
than 49.9 were temporarily deferred for 30 days. Those 
with a previous Plasmodium spp. infection were subject 
to a 12-month deferral following confirmed treatment 
and cure, regardless of the species, except for P. malariae 
infections, which required permanent deferral10.
The implementation of the NAT PLUS assay for blood 
donor screening led to updates in Brazilian regulations.  
In non-endemic regions, the deferral period was reduced 
from 12 months to 30 days, provided donors test negative 
with the NAT PLUS HIV/HBV/HCV/Malaria assay. 
In endemic areas with active transmission, current 
regulations require Plasmodium spp. testing regardless 
of the API, although molecular methods such as NAT 
PLUS are not mandatory11. Additionally, species-specific 
deferral periods were established, 12 months for P. 
falciparum, three years for P. vivax or P. ovale due to relapse 
risk, and permanent deferral for P. malariae, owing to its 
potential for prolonged parasitemia and recrudescence11.
Globally, sustained surveillance among blood donors 
in endemic areas is critical. A systematic review across 
21 countries (Africa, the Americas, Asia, Europe, and 
Oceania), involved approximately 985,000 blood donors, 
and reported a global parasitemia prevalence of 10.54% by 
microscopy, 5.36% by molecular testing, and 0.38% by rapid 
diagnostic tests (RDTs). The African continent presented 
the highest burden, with a prevalence of 36% detected 
through molecular assays, predominantly attributed to  
P. falciparum, especially in sub-Saharan Africa12. In Ghana, 
2.5% of asymptomatic and clinically eligible donors tested 
positive for malaria, underscoring the silent risk of TTM13. 
In the Arabian Peninsula, Plasmodium spp. was found in 
0.7% of more than 64,000 blood donations analyzed14.
Recent studies conducted in Brazilian blood centers 
have found that donors who tested positive for malaria 
by molecular assay reported no symptoms of the disease 
during clinical screening15,16. Despite the importance 
of NAT PLUS HIV/HBV/HCV/Malaria screening for 
blood supply safety, local data on malaria prevalence 
among blood donors in the Brazilian Amazon and the 
impact of NAT PLUS assay screening on the detection of 
asymptomatic cases remain limited. This study aims to fill 
this gap by providing valuable information to guide TTM 
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screening and prevention policies in the Amazon region. 
This study aimed to investigate the frequency of positivity 
and the epidemiological characteristics of donors tested 
by NAT PLUS assay for malaria, as well as the occurrence 
of symptomatic malaria, in a blood center located in the 
Brazilian Amazon.

MATERIALS AND METHODS

Study site
This study was conducted at the Amazonas State 
Foundation for Hematology and Hemotherapy (Fundação 
Hospitalar de Hematologia e Hemoterapia do Amazonas 
[HEMOAM]), located in Manaus, Brazil. HEMOAM is a 
regional reference center for the diagnosis and treatment 
of onco-hematological diseases and coordinates blood 
collection, distribution, and routine serological screening. 
Through the NAT PLUS platform, it also performs 
molecular screening for blood donors from Acre, 
Rondônia, and Roraima, thus expanding its molecular 
diagnostic coverage across Northern Brazil.
The city of Manaus is the capital of Amazonas, the 
state responsible for over 99% of malaria cases in 
Brazil, positioning it as the main endemic area for the 
disease in the country1,17. Transmission is unstable and 
perennial, with seasonal peaks inf luenced by rainfall 
patterns that determine the availability of breeding sites 
for the primary vector, Anopheles darlingi18. Regarding 
the etiological agents, P. vivax is the predominant 
species, but P. falciparum remains a significant cause 
of malaria, particularly in transmission hotspots19. A 
key epidemiological feature of the Amazon region is the 
high prevalence of asymptomatic and submicroscopic 
infections, which serve as a silent parasite reservoir19,20. 
Data on the Entomological Inoculation Rate (EIR) are 
scarce for the Brazilian Amazon. To provide regional 
context, estimates from the southern Venezuelan Amazon 
indicate an EIR of approximately four infective bites per 
person per year, suggesting that even low vector density 
can sustain malaria transmission21. This underscores the 
importance of molecular screening to ensure transfusion 
safety in malaria-endemic settings.

NAT Plus platform for molecular screening
HEMOAM implemented the NAT PLUS HIV/HBV/HCV/
Malaria assay (Bio-Manguinhos) in March 2022 for 
simultaneous molecular screening of HIV, HBV, HCV, 

and Plasmodium spp. in blood donor samples. Plasma 
samples were tested in six-sample pools using a 96-well 
plate format. Sample pipetting was automated via the 
Janus system (Revvity, Waltham, MA, USA), and nucleic 
acid extraction was performed using the Chemagic Prime 
platform (Revvity). The eluted DNA was analyzed by 
multiplex real-time PCR on a QuantStudio Dx instrument 
(Thermo Fisher, Waltham, MA, USA), targeting the 18S 
rRNA gene for malaria detection, as described by Rocha 
et al.16 and according to the manufacturer’s instructions22. 
The NAT software automatically interprets amplification 
curves and internal control parameters to classify samples 
as reactive, non-reactive, or invalid.

Clinical and epidemiological data collection and 
donor eligibility criteria
The donor data analyzed in this study were obtained from 
the HemoSys online platform (HEMOAM, Manaus, Brazil), 
which contains the clinical screening data collected from 
each donor candidate. Data were gathered on the profile 
of all donations and donors between January 2023 and 
June 2024, including sociodemographic variables, clinical 
screening information, malaria exposure, and NAT PLUS 
HIV/HBV/HCV/Malaria results. Malaria-related factors 
were defined based on the candidates’ malaria history, 
travel, and residence in malaria-endemic areas. In 
addition, the overall reasons for blood donation deferral 
and the malaria-related deferral causes were collected for 
the same period.
Malaria-related deferrals were defined according to 
the information provided by donor candidates during 
the clinical screening questionnaire, which relied on  
self-reported data. Candidates were considered deferred 
if they reported having stayed in areas classified as 
endemic for malaria transmission regardless of the 
duration of residence or visit or if they reported a malaria 
episode within the 12 months preceding the donation 
attempt.
All donor candidates who completed both clinical and 
laboratory screening steps were considered eligible for 
inclusion in the study, regardless of donation eligibility 
outcome, thus comprising both eligible and deferred 
donors. No exclusion criteria were applied, ensuring 
that all records available in the database during the 
study period were included, thereby preserving the 
completeness and integrity of the dataset.
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Investigation of clinical cases of malaria in blood donors
To confirm potential episodes of symptomatic malaria 
following positive NAT PLUS HIV/HCV/HBV/Malaria 
blood donation, a search was conducted in the National 
Malaria Case Notification System (SIVEP-MALARIA). 
Positive thick blood smear results were examined for the 
six months prior to and the six months following the date 
of the malaria-reactive donation.

Ethical aspects
This study was approved by the HEMOAM Research Ethics 
Committee (CAAE: 74332523.8.0000.0009; Approval No. 
6.483.195). Donor data were accessed following approval of 
the Data Use Agreement and waiver of informed consent.

Data analysis
To ensure the quality and consistency of the data, 
two independent searches were conducted in the  
SIVEP-Malaria system at different time points using 
identifiers of NAT PLUS-positive donors. A similar 
duplicate extraction procedure was applied to the HemoSys 
database to retrieve clinical and laboratory information. 
These parallel searches aimed to enhance reproducibility 

and reduce potential data entry errors. Epidemiological 
and clinical-laboratory data were compiled in Microsoft 
Excel 2023 and analyzed using Stata version 15 (StataCorp 
LP, College Station, TX, USA). The Shapiro-Wilk test was 
used to assess the distribution of continuous variables. 
Normally distributed variables were presented as mean 
and standard deviation (SD), while non-normal variables 
were expressed as median and interquartile range (IQR). 
Categorical data were summarized as absolute and 
relative frequencies (%). 

RESULTS
From January 2023 to June 2024, a total of 98,362 
blood donations were recorded at the HEMOAM. 
These donations were made by 67,114 unique donors, 
acknowledging that some individuals may have made 
multiple donations during this period. Of the total blood 
donations, 96,962 (98.6%) underwent molecular screening 
using the NAT PLUS HIV/HBV/HCV/Malaria kit. A total 
of 1,400 donations were not tested using the NAT PLUS 
platform due to sample-related issues, such as hemolysis 
and lipemia (Figure 1).

Figure 1 - Flowchart of blood donations, NAT PLUS assay, and malaria detection among unique donors at HEMOAM (January 
2023 - June 2024)
Data were obtained from the HemoSys blood donor database, including both eligible and deferred donor candidates according to clinical screening 
outcomes. In addition, a data search was performed in the SIVEP-Malaria database for donors who tested positive in the NAT PLUS assay.

©SIM
TIP

RO Srl



69
Blood Transfus. 2026; 24(1): 65-76  doi: 10.2450/BloodTransfus.1168

NAT detection of malaria in Brazilian blood donors

The median age of blood donors was 34 years  
(IQR=25-43 years; Online supplementary Table SI). The 
majority were male (65.1%) and self-identified as mixed 
race (80.5%). Approximately 93% resided in Manaus, and 
83.2% were born in the state of Amazonas, while 16.8% were 
from other states. Regarding educational background, 
56.25% completed high school. O+ was the most prevalent 
blood group (59.3%) (Table I).
Regarding malaria exposure, 85.0% (No.=57,059) of blood 
donors reported no history of the disease, while 0.30% 
(No.=204) reported a previous malaria diagnosis (Table I). 
In terms of travel history, 85.3% (No.=57,246) of donors 
had traveled or resided in another country. An assessment 

of recent exposure to endemic areas revealed that 85.3% 
(No.=57,221) had not traveled to malaria-endemic regions 
in the past 30 days. However, 0.04% (No.=23) reported 
staying in such areas during this period (Table I). 
Among the reactive donations screened using the NAT 
PLUS HIV/HCV/HBV/Malaria assay, positivity rates were 
0.02% for HIV (No.=22), 0.10% for HBV (No.=96), 0.004% 
for HCV (No.=4), and 0.01% for malaria (No.=8), among 
96,962 evaluated blood units. Considering unique donors 
(No.=67,114), the overall frequency of malaria was also 
0.01% (8/67,114). Notably, malaria-positive donors did 
not present co-infection with any of the other screened 
pathogens in the NAT PLUS assay.

Characteristics Donors
No. 67,114

Age, median (IQR) 34 (25-43)

Gender (%) 

Male 43,687 (65.1)

Female 23,427 (34.9)

Self-reported race/ethnicity of donors (%) 

Brown/mixed-race 52,041 (80.5)

White 6,328 (9.8)

Black 2,231 (3.4)

Yellow 391 (0.6)

Indigenous 146 (0.2)

Not declared 3,505 (5.4)

City of residence, No. (%) 

Manaus 62,666 (93.4)

Other 4,448 (6.6)

Origin, No. (%) 

Amazonas 55,833 (83.2)

Other 11,281 (16.8)

Education level, No. (%) 

High school 35,537 (53.2)

Complete higher education 15,505 (23.2)

Incomplete higher education 9,471 (14.2)

Elementary education 2,930 (4.4)

Postgraduate 1,386 (2.1)

Professional education 809 (1.2)

Up to 4th grade 232 (0.3)

Master’s degree 139 (0.2)

Illiterate 31 (0.05)

Characteristics Donors
No. 67,114

Education level, No. (%)  - follows

Doctorate 25 (0.04)

Adult literacy 4 (0.01)

Not reported 669 (1.0)

ABO phenotype, No. (%) 

O+ 39,792 (59.3)

A+ 16,355 (24.4)

B+ 5,215 (7.8)

O- 2,802 (4.2)

A- 1,143 (1.7)

AB+ 1,131 (1.7)

B- 375 (0.6)

AB- 78 (0.1)

A1+ 1 (0.00)

Not reported 222 (0.3)

Malaria-endemic area exposure

Malaria, No. (%) 

No 57,060 (85.0)

Yes 204 (0.3)

Not reported 9,850 (14.7)

Traveled or lived in another country, No. (%) 

Yes 57,246 (85.3)

No 9,868 (14.7)

Traveled to areas of malaria in the last 30 days, No. (%)

No 57,221 (85.3)

Yes 23 (0.04)

Not reported 9,870 (14.7)

Table I - Epidemiological characteristics of donors evaluated at the HEMOAM from January 2023 to June 2024
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Among the eight donors who tested positive by the NAT 
PLUS assay, the mean age was 31.4 years (SD ±12.0; Online 
supplementary Table SII), with a predominance of males (75%) 
and self-identified mixed-race individuals (87.5%). Most 
resided in Manaus (75%) and were born in Amazonas (87.5%). 
High school education was reported by 75%, and occupations 
included self-employment, security, farming, military, and 
administrative roles; two did not report. Blood group O+ was 
the most frequent (50%), followed by A+ (25%) (Table II). 
All donors were asymptomatic, meaning that they did 
not report fever, chills, headache, sweating, or any  
malaria-related symptoms during the clinical screening 
interview, and all denied recent travel to endemic areas. 
Regarding clinical screening, 75% reported no recent 
travel or previous history of malaria, although some had 
missing exposure data. Three had prior non-reactive 
donations, and one donor subsequently developed 
symptomatic P. falciparum malaria, characterized by the 
onset of typical clinical manifestations and laboratory 
confirmation by thick blood smear, which was notified in 
the SIVEP-MALARIA system (Figure 2).

Table II - Characteristics of donors testing positive for malaria by NAT 
PLUS assay information on malaria-endemic area exposure

Malaria positive donors 8

Age mean (SD) 31.38 (12.01)

Gender, No. (%) 

Male 6 (75.0)

Female 2 (25.0)

Self-reported race/ethnicity of donors, No. (%) 

Brown 7 (87.5)

Not declared 1 (12.5)

City of Residence, No. (%) 

Manaus 6 (75.0)

Tefé 2 (25.0)

Residence Zone, No. (%)

East Zone, Manaus 3 (37.5)

North Zone, Manaus 2 (25.0)

West Zone, Manaus 1 (12.5)

Urban Zone, Tefé 1 (12.5)

Rural Zone, Tefé 1 (12.5)

Origin, No. (%)  

Amazonas 7 (87.5)

Maranhão 1 (12.5)

Education level, No. (%) 

High school 6 (75.0)

Complete higher education 1 (12.5)

Incomplete higher education 1 (12.5)

Profession, No. (%) 

Other 2 (25.0)

Self-employed 2 (25.0)

Security guard 1 (12.5)

Farmer 1 (12.5)

Army soldier 1 (12.5)

Administrative assistant 1 (12.5)

ABO phenotype, No. (%) 

O+ 4 (50.0)

A+ 2 (25.0)

O- 1 (12.5)

B+ 1 (12.5)

Malaria, No. (%) 

No 6 (75.0)

Not reported 2 (25.0)

Traveled or lived in another country, No. (%) 

No 6 (75.0)

Not reported 2 (25.0)

Traveled to areas of malaria in the last 30 days, No. (%)

No 6 (75.0)

Not reported 2 (25.0)

Figure 2 -Temporal distribution of donations by donor and 
malaria positivity in the NAT PLUS HIV/HCV/HBV/Malaria 
kit, related to the occurrence of clinical malaria (SIVEP-
MALARIA) within six months before and after donation
The vertical axis lists donors (1 to 8), while the horizontal axis shows the 
timeline from September 2022 to August 2024. Gray dots represent donations 
with no malaria detection, red circles indicate donations that tested positive 
by the NAT PLUS assay, and the green circle marks a clinically confirmed 
case of malaria (P. falciparum) in the SIVEP-MALARIA system. Donors 1 and 
2 tested positive for malaria in their first recorded donation. Donor 3 made 
an initial donation in March 2023 and tested positive in a second donation 
in January 2024. Donor 4 tested positive in May 2023 and developed 
symptomatic malaria within one month, confirmed by thick blood smear in 
SIVEP-MALARIA. Donors 5 and 6 also tested positive in their first donations, 
in January and April 2024, respectively. Donor 7 made four donations 
throughout 2023 and tested positive in the fifth donation in February 2024. 
Donor 8 had three donations in 2023 and tested positive in February 2024.
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Figure 3 - Spatial distribution of blood donors included in the study in the state of Amazonas, Brazil (2023-2024)
Georeferenced map showing the residential locations of blood donors from 2023 to 2024, including 47 municipalities across the state of Amazonas and 63 
neighborhoods within the city of Manaus. Donors who tested positive for Plasmodium spp. by the NAT PLUS HIV/HCV/HBV/Malaria assay are highlighted 
in green. Of the eight malaria-positive donors, six resided in Manaus and two in the municipality of Tefé. The 47 municipalities recorded were: Alvarães, 
Anamã, Anori, Apuí, Atalaia do Norte, Barcelos, Barreirinha, Benjamin Constant, Boa Vista do Ramos, Borba, Caapiranga, Canutama, Careiro, Careiro 
da Várzea, Careiro Castanho, Coari, Eirunepé, Fonte Boa, Humaitá, Iranduba, Itacoatiara, Itapiranga, Japurá, Lábrea, Manacapuru, Manaquiri, Manaus, 
Manicoré, Nhamundá, Nova Olinda do Norte, Novo Airão, Novo Aripuanã, Parintins, Presidente Figueiredo, Rio Preto da Eva, Santa Isabel do Rio Negro, 
Santo Antônio do Içá, São Gabriel da Cachoeira, Silves, Tabatinga, Tapauá, Tefé, Uarini, Urucará, and Urucurituba.

The georeferencing of blood donors’ residential addresses 
enabled the construction of a spatial distribution map 
covering municipalities in the state of Amazonas and 
neighborhoods of Manaus. This analysis highlighted the 
geographic distribution of donors, including those testing 
positive for malaria. A total of 47 municipalities and 63 
neighborhoods were represented in the sample (Figure 3).
During the study period, a total of 27,434 blood donation 
deferrals were recorded, corresponding to 27.9% of the 
98,361 donations performed. The primary reasons for 
deferrals included low hematocrit, which accounted 

for 44.3% (No.=12,164) of cases, donor withdrawal  
(4.1%, No.=1,111), and arterial hypertension, leading to 
3.0% (No.=821) of deferrals.
Blood donation deferrals were categorized into eleven 
groups, following criteria established by Ordinance  
No. 158. The most frequent cause was clinical or physical 
conditions identified during pre-donation screening 
(61.3%), followed by medication use (7.0%), infections or 
temporary conditions (6.6%), and invasive procedures 
(6.5%). Chronic diseases and reproductive health each 
accounted for 5.3%, while risk behavior (4.4%), recent 
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vaccination (3.1%), malaria-related criteria (2.6%), travel 
history (1.6%), and dermatological conditions (0.3%) 
were less frequent. These findings highlight the role 
of standardized clinical-epidemiological screening in 
transfusion safety (Figure 4).
Among the 706 malaria-related deferrals, the majority 
were associated with residence or recent stay in  
malaria-endemic areas (No.=674; 95.5%). Additionally, 28 
cases (4.0%) were due to a self-reported history of malaria, 
and one case (0.1%) involved an infection caused by  
P. malariae.

DISCUSSION
Transfusion-transmitted malaria poses a significant 
challenge for disease control in both endemic and non-
endemic areas23. Individuals receiving blood components 
are more vulnerable, and if laboratory screening fails, 
transmission can occur, leading to complications in the 
health status of recipients. In the case of P. falciparum, it 
can result in severe malaria, particularly in individuals 
who are primarily infected, and for P. vivax, there is a risk 
of relapses due to the latent forms of this species4,24.

The inclusion of molecular malaria screening in public 
blood banks in Brazil represents an innovative and 
strategic advance toward interrupting TTM. This 
pioneering effort aligns with the “Global Technical 
Strategy for Malaria 2016-2030” aiming to prevent 
malaria resurgence in endemic and previously  
malaria-free areas25. This is the first study to report 
malaria-positive blood donors detected by the NAT 
PLUS HIV/HCV/HBV/Malaria kit (Bio-Manguinhos) 
in Amazonas, since its implementation at HEMOAM 
in 2022. An additional strength was the integration of 
SIVEP-MALARIA data to assess notifications before 
and after donation, enabling the evaluation of clinical 
screening failures and subsequent diagnoses.
Regarding donor characteristics, the profile observed 
was consistent with previous Brazilian studies. 
Approximately 65% were male, with a median age of 
34 years; 80% self-identified as brown, and most had 
completed high school (53.2%) or had higher education 
(23%). A study in Southeast Brazil with 246 participants 
identified the predominant donor age group as  
31-40 years (25%), with higher education attainment in 

Figure 4 - Reasons for blood donation deferral recorded from January 2023 to June 2024 at HEMOAM
Donor deferrals (No.=27,434) were categorized according to clinical and epidemiological screeNing criteria established by national regulations.
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35% of cases, contrasting with the non-donor profile 
(younger, female, lower socioeconomic status) 26. Another 
analysis of 410,423 donors across three Brazilian states 
showed that most identified as brown in Minas Gerais 
and Pernambuco (47.1% and 60.8%, respectively), while in 
São Paulo, 54.3% identified as white27.
Out of 96,962 blood donations tested using the NAT 
PLUS HIV/HCV/HBV/Malaria assay, eight were positive, 
resulting in a frequency of 0.01%. All cases were later 
confirmed by thick blood smear and microscopy 
performed at the blood center. These donors were 
asymptomatic at the time of clinical screening yet may 
still contribute to malaria transmission in endemic 
regions. Studies conducted in the Brazilian Amazon 
have demonstrated that asymptomatic individuals often 
exhibit low parasitemia, presence of gametocytes, and 
the potential to infect Anopheles vectors, reinforcing the 
importance of detecting and controlling these cases9,28-30. 
For P. vivax, hypnozoites can remain latent for varying 
periods, depending on the location of the infection31. 
Furthermore, low parasitemia in asymptomatic 
individuals has been associated with an increased 
risk of clinical recurrence within six months of the 
initial episode32. These data reinforce the importance 
of molecular assays with high sensitivity, such as the 
NAT PLUS assay, for hemovigilance in endemic regions. 
All positive donors in Manaus (75% from total) lived in  
peri-urban or rural areas, closer to forest and river, ideal 
locals for vector proliferation33. Also, it is worth noting 
that the population goes to these areas on weekends 
and holidays for recreation, in addition to being areas 
designated for agricultural and fish culture activities9,34.
Previous studies have investigated the frequency 
of malaria-positive donors in the Amazon region.  
A multicenter survey across blood services in Rondônia, 
Amapá, Pará, and Acre found an average positivity 
rate of 2.3% using nested-PCR35. In Amazonas, a PCR 
standardization study reported a 0.3% positivity 
among 286 donors36. Using rapid diagnostic tests and 
microscopy, no malaria cases were detected among 407 
eligible and deferred donors screened at HEMOAM37. In 
Acre, real-time PCR analysis of 230 donations revealed 
a 1.7% positivity rate, while all samples were negative 
by microscopy15. Following the implementation of NAT 
PLUS in Rio de Janeiro, two positive cases were detected 

(0.001%): one P. vivax infection acquired in the Amazon 
and one autochthonous case of P. malariae16.
In a systematic review, a variable frequency of TTM 
detected by molecular method was reported depending 
on the continent evaluated, with Africa having the 
highest prevalence (36%), followed by Asia (4%), America 
(2%) and Europe (1%)12. Regarding the Americas, the 
frequencies of TTM detected by PCR ranged from 7.5 to 
0%, with P. falciparum infection being most frequently 
found in donors, followed by mixed infections by  
P. falciparum and P. vivax, and infections by P. vivax4. 
Another systematic review that verified the occurrence of 
TTM in non-endemic areas reported that few studies use 
the molecular method to detect the parasite in donors, 
especially studies conducted in the United States and 
Canada38. In Brazil, the frequencies of TTM detected 
by PCR ranged from 3 to 0% in studies conducted in the 
Brazilian Amazon4.
In this study, most malaria-positive donors were 
male, self-identified as brown, with a mean age of 31.3 
years and a high school education. These findings are 
consistent with previous data from HEMOAM, where 
77% of donors were male and 76% were aged 18-39 years37. 
Similar profiles were observed in Acre, where 58.7% of 
donors were male and 38.3% had completed high school15. 
A systematic review on TTM in the Americas also 
reported predominance of males (80%) and donors aged  
21-30 years (52.9%)4. As shown in Table I, 65% of the blood 
donors evaluated in the study were male, and this is the 
most common gender among blood donors, as reported 
in other studies conducted at the HEMOAM39. These 
individuals also tend to have greater exposure to or 
contact with endemic rural or peri-urban areas due to 
professional activities such as farming or military service.
Eight individuals deemed eligible during clinical 
screening tested positive for malaria by the NAT PLUS 
HIV/HCV/HBV/Malaria assay. Among them, one donor 
(12.5%) developed symptomatic P. falciparum malaria, 
confirmed by thick blood smear approximately one 
month after donation. Previous studies have shown that 
P. falciparum is the most frequently associated species 
with TTM, accounting for 73-98% of cases in sub-Saharan 
Africa and 43.1% in Latin America4,40. A recent systematic 
review of studies conducted in India identified that 
the main species involved in TTM are P. falciparum  
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(21-71% of positive cases) and the P. vivax (28 to 68% two 
positive cases), using MO, RTDs or ELISA for detection5. 
Another study, conducted in China, a non-endemic area of 
malaria, reported three non-native cases from Indonesia, 
Ghana and Equatorial Guinea, detected by PCR and MO, 
where the species involved was P. falciparum41. Notably, 
five of the eight positive donors (62.5%) were detected in 
January and February. Although malaria transmission 
peaks between June and September, high rainfall in the 
early months of the year alters river levels and, combined 
with social factors, promotes Anopheles proliferation and 
increases malaria incidence42. In Brazil, 30,654 cases were 
reported in the first trimester of 2023, and 34,539 in the 
same period of 2024 timeframes coinciding with most of 
the NAT PLUS assay positive detections in this study1. 
For seven donors, no records of case notification were 
found in SIVEP-MALARIA, either by active or passive 
search. It is believed that, due to the absence of symptoms, 
infected individuals, even when referred by the Blood 
Center, do not seek care at a health unit, becoming 
potential reservoirs of the parasite and maintaining the 
transmission of the disease, in addition to the probability 
of presenting relapses of the disease and, consequently, 
longer inability to donate blood. Therefore, it is essential 
to adopt strategies for monitoring these asymptomatic 
individuals, facilitating their access to health units for 
treatment, and ensuring adequate reporting of these 
cases.
Donor deferrals due to travel (1.6%), infections or 
temporary conditions (6.6%), and malaria-related criteria 
(2.6%) were also observed. A previous report from the 
Amazonas blood center showed that 99.5% of deferrals 
attributed to “risk exposure” (8%) were linked to visits 
to malaria-endemic areas, making it the third most 
common cause39. Over the years, with the rural exodus 
and urbanization, malaria in the state of Amazonas has 
reached peri-urban areas, bringing exposed individuals 
closer to hospitals and blood centers43. For this reason, 
it is essential to strengthen malaria hemovigilance, 
combining adequate epidemiological screening with 
a sensitive molecular method for the detection of 
Plasmodium spp.
The HEMOAM is the local referral center for hematologic 
diseases and the blood bank for the state of Amazonas, 
recruiting blood donors and directing the supply of blood 

component bags according to demand. After identifying 
positive malaria cases through the NAT-PLUS platform, 
the donor is contacted and referred to a reference unit 
for malaria diagnosis, where they are included in the 
malaria outpatient routine and receive antimalarial 
treatment. The current treatment regimen indicated 
for uncomplicated malaria is P. vivax. In Brazil, it is 
Chloroquine, administered for 3 days, and Tafenoquine 
(single dose) or Primaquine (7 days) to prevent relapses44. 
However, there is a limitation regarding the traceability 
of information on whether the asymptomatic positive 
donor detected at the blood center actually seeks the 
reference unit later to receive antimalarial treatment, 
which constitutes a limitation in the control of TTM 
and can contribute to the maintenance of transmission 
or for the development of clinical episodes of malaria. 
Improvements in the protocols for reporting infection 
by Plasmodium spp. In Brazilian blood banks and the 
development of a system to track the antimalarial 
treatment carried out by the positive donor. 
This study has some limitations. Its retrospective design, 
based on secondary data, may affect data completeness 
and accuracy. Malaria case tracking in SIVEP was 
restricted to notifications from health units in Manaus 
but enabled confirmation of post-donation symptomatic 
malaria among NAT PLUS-positive donors. Missing 
exposure data in HemoSys likely ref lect gaps in clinical 
screening or underreporting. Species identification was 
not possible, as the NAT PLUS assay does not differentiate 
Plasmodium species. Nonetheless, the findings underscore 
that asymptomatic infections at donation can evolve into 
symptomatic malaria. Enhancing NAT assays to allow 
species-level detection could improve transmission 
control and guide early treatment.

CONCLUSIONS
This study described the epidemiological profile of 
blood donors screened for malaria using the NAT PLUS 
HIV/HBV/HCV/Malaria assay in the state of Amazonas, 
Brazil. Among donors evaluated, malaria positivity was 
0.01%, and all reactive donors were asymptomatic at the 
time of clinical screening. Most malaria-positive donors 
were male, self-identified as mixed race, and resided in 
Manaus, ref lecting the overall donor population profile.
The findings demonstrate the contribution of molecular 
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screening to transfusion safety in malaria-endemic 
regions, enabling the detection of asymptomatic  
low-density infections that may not be identified through 
conventional screening. Strengthening hemovigilance 
strategies through the integration of molecular assays 
such as NAT PLUS can enhance the reliability of blood 
safety programs and support malaria control efforts in 
endemic areas.
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