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Abstract

:

Arboviruses have been reported over the years as constant threats to blood transfusion recipients, given the high occurrence of asymptomatic cases and the fact that the presence of viremia precedes the onset of symptoms, making it possible that infected blood from donors act as a source of dissemination. This work aims to identify the prevalence of dengue virus (DENV), Zika virus (ZIKV) and Chikungunya virus (CHIKV) infection in blood donors during epidemic and non-epidemic periods; classify the donor as symptomatic or asymptomatic; and verify the need to include DENV, CHIKV and ZIKV in the nucleic acid test (NAT) platform in northern Brazil. We investigated 36,133 thousand donations in two years of collection in Northern Brazil. One donor was positive for DENV and one for CHIKV (0.002% prevalence). As the prevalence for arboviruses was low in this study, it would not justify the individual screening of samples from donors in a blood bank. Thus, DENV- and CHIKV-positive samples were simulated in different amounts of sample pools, and both were safely detected by molecular biology even in a pool of 14 samples, which would meet the need to include these three viruses in the routine of blood centers in endemic countries such as Brazil.
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1. Introduction


The global increase in re-emerging pathogens such as dengue virus (DENV), Zika virus (ZIKV) and Chikungunya virus (CHIKV) poses a threat to public health and the safety of the blood supply. All three pathogens are arthropod-borne viruses (arboviruses), primarily Aedes aegypti [1]. The female mosquito is contaminated when it feeds on the blood of an infected person during the initial febrile period (viremia); the virus lodges in the cells that line the intestine and then spreads to other tissues of the insect, such as the salivary gland, where it stays until the moment of transmission [2,3].



The viruses seem to have no adverse effect on the insect, which remains infected for life without showing symptoms [4]. The transmission of DENV, and currently of ZIKV and CHIKV, is of great concern to public health worldwide, as these arthropods are widely distributed in tropical, subtropical (Aedes aegypti) and temperate (Aedes albopictus) regions, covering a huge contingent of susceptible individuals [5,6]. The rapid spread of these three viruses and their epidemic potential are worrying, especially in territories with the circulation of other arboviruses, due to the difficulty in differential diagnosis and the overload of health services. Control measures are the same as those recommended for dengue, based on health education and vector control [7,8].



From January 2008 to October 2011, the estimated number of travelers exposed to CHIKV and DENV arriving in Italy was higher compared to reported cases, suggesting a possible underestimation of the actual number of imported cases, and reinforcing the need to analyze the prevalence of these arboviruses [9].



There are few data in the world literature on the prevalence of DENV, ZIKV and CHIKV viruses in blood donors and their clinical consequences in recipients of blood contaminated by transfusion. Arboviruses are constant threats to the human population, including recipients of blood transfusion, as well as through organ donation, given the high occurrence of asymptomatic cases and the fact that the presence of viremia precedes the onset of symptoms, allowing infected blood from donors to act as a source of dissemination [3,10,11,12]. In Brazil, the Ministry of Health uses the nucleic acid test (NAT) as a tool to screen out donors for human immunodeficiency virus (HIV), hepatitis C (HCV) and hepatitis B (HBV), thereby reducing the risk of disease transmission by an early detection of viral antigens [13,14].



Epidemiological surveillance in the blood bank can be essential to quickly identify infected donors before a possible transfusion. The aim of this study is to contribute to an analysis of the risk of transfusion of arboviruses through the donation of contaminated blood and with a pooled analysis methodology for DENV, CHIKV and ZIKV that safely allows agility in assessing the quality of blood components. In this way, if any pool was positive for one or more of these three arboviruses, the pool would be separated and the samples that make up the pool would be tested individually and thus it would be relatively simple to identify the donor or positive donors for DENV, CHIKV and ZIKV.




2. Materials and Methods


2.1. Ethical Statement


A total of 36,133 donations collected at the Foundation of Hematology and Hemotherapy of the State of Pará (HEMOPA), located in the city of Belém, which supports blood transfusion in the North Region of Brazil, were investigated. This is a fully representative sample, as all blood samples from donors sent for molecular screening of the HCB HBV and HIV viruses at HEMOPA.



HEMOPA foundation is the only reference center in study region, the state of Pará, Brazil, which in 2018 had 8.51 million inhabitants, distributed over 1,247,960 km2, according to the population estimate carried out by the Brazilian Institute of Geography and Statistics (IBGE).



In the period from 1 June 2018 to 30 June 2020, donors referred for collection of whole blood bags or platelet apheresis were included in this research. This research was carried out in accordance with the guidelines and standards of the Declaration of Helsinki and was approved by the Ethics Committee for Research with Human Beings of the HEMOPA Foundation (CAAE 43610615.7.0000.5174) and the donors signed the Free and Informed Consent Term at the time of clinical screening, authorizing their participation in the research.




2.2. Collection and Processing of Samples


The samples were processed for automated extraction and purification of nucleic acids according to NAT’s laboratory routine at the HEMOPA Foundation [15]. Genetic material was extracted from each donor individually and DENV (DENV 1, DENV 2, DENV 3 and DENV 4), ZIKV and CHIK viruses were detected using one step reverse transcription polymerase chain reaction (RT-qPCR) technique in a multiplex assay, using primers and Taqman® probes (ThermoFisher Scientific, Waltham, MA, USA) on the Applied Biosystems 7500 Real-Time PCR System (ThermoFisher Scientific, Waltham, MA, USA).



To assess the sensitivity of the methodology, we also performed an assay where we extracted RNA from samples in pools of 6, 8, 10, 12, 14, 16, 18, and 20 donors [16]. Descriptive measurements were performed calculating the prevalence of DENV and ZIKV.





3. Results


One positive donor for CHIKV and one for DENV were detected out of 36,133 samples investigated. The total prevalence identified during the entire study period detecting arboviruses in blood donors was 0.005%. The sample infected by DENV was found during a non-epidemic period and had a prevalence of 0.002%. The prevalence of 0.002% is repeated when analyzing CHIKV but found in an epidemic period. As for ZIKV, in this study we did not detect any positive case (prevalence 0.00%).



Positive donors for DENV and CHIKV were contacted by our project team and after clinical evaluation, they were classified as symptomatic after donation; however, both had mild symptoms such as mild fever, malaise, body aches, and tiredness, and both did not seek medical attention at the time of donation. In this research, blood donations positive for DENV and CHIKV had no recipients.



DENV and CHIKV positive samples were simulated in different amounts of sample pools, up to 20 samples per pool (Table 1). It was observed that if the DENV positive sample had been performed within a pool of 14 different donor plasmas, it would have been automatically detected in the system protocol. As for CHIKV, it was observed that even if this sample had been composed of a pool of 20 plasma samples, it would have been automatically detected by the system protocol. If it were necessary to standardize detection for DENV and CHIKV in a pool of samples, it would be prudent and safe to use a pool of up to 14 different plasmas for the two viruses.




4. Discussion


In the study region, the first semester coincides with the rainy season, and is considered seasonally epidemic for arboviruses and contributes significantly to the proliferation and development of Aedes aegypti [17]. We identified the prevalence of infections by the arboviruses including DENV, CHIKV and ZIKA in blood donors during epidemic and non-epidemic periods, the donors being classified as symptomatic or asymptomatic. Additionally, we verified the need to include screening for this virus in the blood centers and the possibility of this screening being performed in a pool of samples.



Due to the COVID-19 pandemic, the focus of research on arboviruses lost strength; for this reason, the present study intends to update DENV, ZIK and CHIKV in blood donors before the pandemic that began in Brazil in the first half of 2020. In the current study, one donor was positive for CHIKV and one for DENV (a prevalence of 0.002% for each arbovirus). This result showed a much lower prevalence in relation to HIV (0.06%), HBV (0.02%) and HCV (0.01%), found by the HEMOPA Foundation in the same study samples. CHIKV was found in an epidemic period and DENV in a non-epidemic period. This prevalence is much lower than that of other agents in the same region and study period, such as human immunodeficiency virus (HIV) 0.06%, hepatitis B virus (HBV) 0.02% and hepatitis C virus (HCV) 0.01%. Both DENV- and CHIKV-positive donors were classified as having few symptoms after donation. The risk of transmission and severity were not evaluated, as blood from donors positive for DENV and CHIV did not have recipient patients.



The sample infected by DENV was found in a non-epidemic period and had a prevalence of 0.002%, which suggests that in non-epidemic periods, the chances of blood donors being able to transmit the DENV virus through blood donation may increase. The prevalence of DENV in blood donors varies according to the location and the epidemic and non-epidemic period. The prevalence in these locations ranged from 0.04 to 0.9% [2,18,19,20,21,22,23,24]. In the case of DENV, it is known that transmission by blood transfusion in recipients aggravates the disease [1,24].



The prevalence of 0.002% is repeated when analyzing CHIKV, but found in an epidemic period, and is lower than those found in other studies. In 2009, during an epidemic in a province of Thailand, a CHIKV prevalence of 0.03 to 2.97% was found in blood donors [25]. Similarly, in 2014 in Puerto Rico, during an epidemic period, the prevalence of the virus was identified in 2.1% of blood donors [26]. So far, in the world literature, it has not been possible to predict the transfusion transmission of this virus.



In August 2009, a group from the Association for the Advancement of Blood and Biotherapies (a non-profit international association representing individuals and institutions involved in the fields of transfusion medicine and biotherapies) reviewed emerging infectious disease agents that pose a real or theoretical threat to transfusion safety. One of the agents that received the highest priority was the dengue virus. Although the focus of the study was on the United States and Canada, the threat of DENV applies worldwide [27]. The detection of a positive case of DENV was found in the first half of 2019, a period of greater circulation of the disease vectors, and a period in which almost all cases occur in Brazil [28,29], suggesting the need for attention to be paid to this agent.



As for ZIKV, in this study we did not detect any positive case (prevalence 0.00%). A systematic review and meta-analysis found a prevalence of 0.85% of the virus in blood donors, and this prevalence varied according to epidemic and non-epidemic periods and localities [30]. In Campinas, a city located in southeastern Brazil, in the years 2015 and 2016, a prevalence of ZIKV was observed that ranged from 0.05 to 0.17% in blood donors [23,30]. In Colombia, another South American country, the prevalence of ZIKV was on the order of 2.62% among blood donors in the period from 2015 to 2016 [31]. The fact that we did not find cases in our study reinforces that since 2018, clinical screening and population awareness have probably allowed this prevalence to decrease among blood-bank donors [32].



The development of the apparent symptoms of the disease caused by ZIKV in blood-component recipients has not yet been proven [33,34,35]. As far as we know, there are no descriptions of prevalence in the northern region of Brazil and, in this study, we did not detect this virus in blood donors. Positive donors for DENV and CHIKV were contacted by the project team and after clinical evaluation were classified as symptomatic after donation; however, both had mild symptoms such as mild fever, malaise, body aches, and tiredness, and both did not seek medical attention at the time of donation. In this research, blood donations positive for DENV and CHIKV had no recipients.



DENV and CHIKV positive samples were simulated in different amounts of sample pools, with up to 14 samples per pool. It was observed that if the DENV-positive sample had been performed within a pool of 14 different donor plasmas, it would have been automatically detected in the system protocol. As for CHIKV, it was observed that even if this sample had been composed of a pool of 20 plasma samples, it would have been automatically detected by the system protocol. If it were necessary to standardize detection for DENV and CHIKV in a pool of samples, it would be prudent and safe to use a pool of up to 14 different plasmas for the two viruses.



The need for integrated human and entomological surveillance to monitor the spread of vector-borne diseases and to implement public health measures to prevent transmission and control of these diseases in humans has been demonstrated in imported Chikungunya and dengue infections in Italy [9]. The present study contributed to the assessment of DENV, CHIKV and ZIKV transfusion-transmission risk in a blood bank in an extensive tropical region, represented by the state of Pará in northern Brazil, and estimated the number of pooled samples that can be analyzed by the NAT tool that is standardized for the evaluation of other bloodborne viruses.




5. Conclusions


In conclusion, this study indicates the prevalence of DENV and CHIKV in blood donors of northern Brazil. Based on results of the study, we concluded the need to include continuous and mandatory molecular screening tests for DENV, CHIKV and ZIKV in blood centers, in order to prevent these agents from being transmitted to recipients of blood components by asymptomatic patients. In case it is necessary to standardize the detection of these arboviruses in a sample pool, it would be safe to use a pool of up to 14 different plasmas for DENV and CHIKV.







Author Contributions


L.M.L. and R.R.B. conceived and designed the study. L.M.L., A.S.M.C., R.B.H.d.C., C.E.d.M.A., M.K.P., L.N.L., A.N.O. and M.S.M.d.L. conducted the study and participated in the laboratory analysis. L.M.L., R.B.H.d.C., C.E.d.M.A., P.D.J.M. and R.R.B. analyzed the data. L.M.L., C.A.M.-N. and R.R.B. wrote the paper. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by Brazilian funding agencies National Counsel of Technological and Scientific Development (CNPq; process 426916/2016-6 to L.M.L and process 301350/2019-1 to R.M.R.B.). Fundação Amazônia Paraense de Amparo à Pesquisa (FAPESPA; to L.N.L) as well as Pró-Reitoria de Pesquisa e Pós-Graduação (PROPESP) of Universidade Federal do Pará (UFPA) for payment of the publication fees.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Human Research Ethics Committee of the Ethics Committee of Ophir Loyola Hospital (protocol code (CAAE 43610615.7.0000.5174 from 29 April 2020).




Data Availability Statement


All experimental data and analysis results were stored in the NAT laboratory computer and all samples were stored in the HEMOPA Blood Bank, which are available to be reviewed. No public database is available to deposit our data. The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Stanley, J.; Chongkolwatana, V.; Duong, P.T.; Kitpoka, P.; Stramer, S.L.; Dung, N.T.T.; Grimm, K.E.; Pojanasingchod, A.; Suksomboonvong, P.; Galel, S.A. Detection of dengue, chikungunya, and Zika RNA in blood donors from Southeast Asia. Transfusion 2021, 61, 134–143. [Google Scholar] [CrossRef]

	



Dias, L.L.; Amarilla, A.A.; Poloni, T.R.; Covas, D.T.; Aquino, V.H.; Figueiredo, L.T. Detection of dengue virus in sera of Brazilian blood donors. Transfusion 2012, 52, 1667–1671. [Google Scholar] [CrossRef] [PubMed]

	



Aghaie, A.; Aaskov, J.; Chinikar, S.; Niedrig, M.; Banazadeh, S.; Mohammadpour, H.K. Frequency of dengue virus infection in blood donors in Sistan and Baluchest an province in Iran. Transfus. Apher. Sci. 2014, 50, 59–62. [Google Scholar] [CrossRef] [PubMed]

	



Rodenhuis-Zybert, I.A.; Wilschut, J.; Smit, J.M. Dengue virus life cycle: Viral and host factors modulating infectivity. Cell Mol. Life Sci. 2010, 67, 2773–2786. [Google Scholar] [CrossRef] [PubMed]

	



Grard, G.; Caron, M.; Mombo, I.M.; Nkoghe, D.; Mboui Ondo, S.; Jiolle, D.; Fontenille, D.; Paupy, C.; Leroy, E.M. Zika virus in Gabon (Central Africa)—2007: A new threat from Aedes albopictus? PLoS Negl. Trop. Dis. 2014, 8, e2681. [Google Scholar] [CrossRef] [PubMed]

	



Monteiro, V.; Navegantes-Lima, K.C.; de Lemos, A.B.; da Silva, G.L.; de Souza Gomes, R.; Reis, J.F.; Rodrigues Junior, L.C.; da Silva, O.S.; Romão, P.; Monteiro, M.C. Aedes-Chikungunya Virus Interaction: Key Role of Vector Midguts Microbiota and Its Saliva in the Host Infection. Front. Microbiol. 2019, 10, 492. [Google Scholar] [CrossRef]

	



Imperato, P.J. The Convergence of a Virus, Mosquitoes, and Human Travel in Globalizing the Zika Epidemic. J. Community Health 2016, 41, 674–679. [Google Scholar] [CrossRef]

	



Haddow, A.D.; Schuh, A.J.; Yasuda, C.Y.; Kasper, M.R.; Heang, V.; Huy, R.; Guzman, H.; Tesh, R.B.; Weaver, S.C. Genetic characterization of Zika virus strains: Geographic expansion of the Asian lineage. PLoS Negl. Trop. Dis. 2012, 6, e1477. [Google Scholar] [CrossRef]

	



Napoli, C.; Salcuni, P.; Pompa, M.G.; Declich, S.; Rizzo, C. Estimated imported infections of Chikungunya and Dengue in Italy, 2008 to 2011. J. Travel. Med. 2012, 19, 294–297. [Google Scholar] [CrossRef]

	



Musso, D.; Nhan, T.; Robin, E.; Roche, C.; Bierlaire, D.; Zisou, K.; Shan Yan, A.; Cao-Lormeau, V.M.; Broult, J. Potential for Zika virus transmission through blood transfusion demonstrated during an outbreak in French Polynesia, November 2013 to February 2014. Euro. Surveill. 2014, 19, 20761. [Google Scholar] [CrossRef]

	



Wilder-Smith, A.; Chen, L.H.; Massad, E.; Wilson, M.E. Threat of dengue to blood safety in dengue-endemic countries. Emerg. Infect. Dis. 2009, 15, 8–11. [Google Scholar] [CrossRef] [PubMed]

	



Stramer, S.L.; Stanley, J.; Nguyen, M.L.; Bertuzis, R.; Huynh, N.; Duncan, J.R.; Albrecht, P.; Pate, L.L.; Galel, S.A. Duplex nucleic acid test for the detection of chikungunya and dengue RNA viruses in blood donations. Transfusion 2019, 59, 1283–1290. [Google Scholar] [CrossRef] [PubMed]

	



Giménez-Richarte, Á.; de Salazar, M.O.; Arbona, C.; Giménez-Richarte, M.P.; Collado, M.; Fernández, P.L.; Quiles, F.; Clavijo, C.; Marco, P.; Ramos-Rincon, J.M. Prevalence of Chikungunya, Dengue and Zika viruses in blood donors: A systematic literature review and meta-analysis. Blood Transfus. 2022, 20, 267–280. [Google Scholar] [CrossRef] [PubMed]

	



Martin, L.A.; Stramer, S.L.; Kuhns, M.C.; Schlauder, G.G. Correlation of improved hepatitis B surface antigen detection limits with hepatitis B virus DNA nucleic acid test yield in blood donations. Transfusion 2012, 52, 2201–2208. [Google Scholar] [CrossRef]

	



Vermeulen, M.; Dickens, C.; Lelie, N.; Walker, E.; Coleman, C.; Keyter, M.; Reddy, R.; Crookes, R.; Kramvis, A. Hepatitis B virus transmission by blood transfusion during 4 years of Hepatitis individual-donation nucleic acid testing in South Africa: Estimated and observed window period risk. Transfusion 2012, 52, 880–892. [Google Scholar] [CrossRef]

	



Vieira, P.C.M.; Lamarão, L.M.; Amaral, C.E.M.; Corrêa, A.S.M.; de Lima, M.S.M.; Barile, K.A.D.S.; de Almeida, K.L.D.; Sortica, V.A.; Kayath, A.S.; Burbano, R.M.R. Residual risk of transmission of human immunodeficiency virus and hepatitis C virus infections by blood transfusion in northern Brazil. Transfusion 2017, 57, 1968–1976. [Google Scholar] [CrossRef]

	



Moura Vieira, P.C.; Lamarão, L.M.; de Miranda Corrêa, A.S.; de Almeida, N.C.C.; Hermes de Castro, R.B.; Palmeira, M.K.; Burbano, R.R. Performance of mini-pool nucleic acid testing by studying diluted HIV NAT yield samples in a blood center of Brazil. Transfus. Apher. Sci. 2018, 57, 670–671. [Google Scholar] [CrossRef]

	



Xavier, L.L.; Honório, N.A.; Pessanha, J.F.M.; Peiter, P.C. Analysis of climate factors and dengue incidence in the metropolitan region of Rio de Janeiro, Brazil. PLoS ONE 2021, 16, e0251403. [Google Scholar] [CrossRef]

	



Linnen, J.M.; Vinelli, E.; Sabino, E.C.; Tobler, L.H.; Hyland, C.; Lee, T.H.; Kolk, D.P.; Broulik, A.S.; Collins, C.S.; Lanciotti, R.S.; et al. Dengue viremia in blood donors from Honduras, Brazil, and Australia. Transfusion 2008, 48, 1355–1362. [Google Scholar] [CrossRef]

	



Petersen, L.R.; Tomashek, K.M.; Biggerstaff, B.J. Estimated prevalence of dengue viremia in Puerto Rican blood donations, 1995 through 2010. Transfusion 2012, 52, 1647–1651. [Google Scholar] [CrossRef]

	



Stramer, S.L.; Linnen, J.M.; Carrick, J.M.; Foster, G.A.; Krysztof, D.E.; Zou, S.; Dodd, R.Y.; Tirado-Marrero, L.M.; Hunsperger, E.; Santiago, G.A.; et al. Dengue viremia in blood donors identified by RNA and detection of dengue transfusion transmission during the 2007 dengue outbreak in Puerto Rico. Transfusion 2012, 52, 1657–1666. [Google Scholar] [CrossRef] [PubMed]

	



Mohammed, H.; Linnen, J.M.; Muñoz-Jordán, J.L.; Tomashek, K.; Foster, G.; Broulik, A.S.; Petersen, L.; Stramer, S.L. Dengue vírus in blood donations, Puerto Rico, 2005. Transfusion 2008, 48, 1348–1354. [Google Scholar] [CrossRef] [PubMed]

	



Faria, N.R.; da Costa, A.C.; Lourenço, J.; Loureiro, P.; Lopes, M.E.; Ribeiro, R.; Alencar, C.S.; Kraemer, M.U.G.; Villabona-Arenas, C.J.; Wu, C.H.; et al. Recipient Epidemiology and Donor Evaluation Study-III (REDS-III). Genomic and epidemiological characterisation of a dengue virus outbreak among blood donors in Brazil. Sci. Rep. 2017, 9, 15216. [Google Scholar] [CrossRef] [PubMed]

	



Benites, B.D.; Rocha, D.; Andrade, E.; Godoy, D.T.; Alvarez, P.; Addas-Carvalho, M. Zika Virus and the Safety of Blood Supply in Brazil: A Retrospective Epidemiological Evaluation. Am. J. Trop. Med. Hyg. 2019, 100, 174–177. [Google Scholar] [CrossRef] [PubMed]

	



Shauri, H.S.; Ngadaya, E.; Senkoro, M.; Buza, J.J.; Mfinanga, S. Seroprevalence of Dengue and Chikungunya antibodies among blood donors in Dar es Salaam and Zanzibar, Tanzania: A cross-sectional study. BMC Infect. Dis. 2021, 21, 911. [Google Scholar] [CrossRef]

	



Appassakij, H.; Promwong, C.; Rujirojindakul, P.; Wutthanarungsan, R.; Silpapojakul, K. The risk of blood transfusion-associated Chikungunya fever during the 2009 epidemic in Songkhla Province, Thailand. Transfusion 2014, 54, 1945–1952. [Google Scholar] [CrossRef]

	



Simmons, G.; Brès, V.; Lu, K.; Liss, N.M.; Brambilla, D.J.; Ryff, K.R.; Bruhn, R.; Velez, E.; Ocampo, D.; Linnen, J.M.; et al. High Incidence of Chikungunya Virus and Frequency of Viremic Blood Donations during Epidemic, Puerto Rico, USA, 2014. Emerg. Infect. Dis. 2016, 22, 1221–1228. [Google Scholar] [CrossRef]

	



Stramer, S.L.; Hollinger, F.B.; Katz, L.M.; Kleinman, S.; Metzel, P.S.; Gregory, K.R.; Dodd, R.Y. Emerging infectious disease agents and their potential threat to transfusion safety. Transfusion 2009, 49 (Suppl. 2), 1S–29S. [Google Scholar] [CrossRef]

	



Viana, D.V.; Ignotti, E. The ocurrence of dengue and weather changes in Brazil: A systematic review. Rev. Bras. Epidemiol. 2013, 16, 240–256. [Google Scholar] [CrossRef]

	



Levi, J.E.; Nishiya, A.; Félix, A.C.; Salles, N.A.; Sampaio, L.R.; Hangai, F.; Sabino, E.C.; Mendrone, A., Jr. Real-time symptomatic case of transfusion-transmitted dengue. Transfusion 2015, 55, 961–964. [Google Scholar] [CrossRef]

	



Magnus, M.M.; Espósito, D.L.A.; Costa, V.A.D.; Melo, P.S.D.; Costa-Lima, C.; Fonseca, B.A.L.D.; Addas-Carvalho, M. Risk of Zika virus transmission by blood donations in Brazil. Hematol. Transfus. Cell Ther. 2018, 40, 250–254. [Google Scholar] [CrossRef] [PubMed]

	



Bayona-Pacheco, B.; Acosta-Reyes, J.; Navarro, E.; San-Juan, H.; Bula, J.; Baquero, H. Seroprevalence of Zika virus among blood donors before the epidemic in Barranquilla, Colombia, 2015–2016. An. Acad. Bras. Cienc. 2019, 91, e20180860. [Google Scholar] [CrossRef] [PubMed]

	



Joob, B.; Wiwanitkit, V. Zika virus, blood donation and transfusion transmission risk. Hematol. Transfus. Cell Ther. 2019, 41, 278. [Google Scholar] [CrossRef] [PubMed]

	



Liu, R.; Wang, X.; Ma, Y.; Wu, J.; Mao, C.; Yuan, L.; Lu, J. Prevalence of Zika virus in blood donations: A systematic review and meta-analysis. BMC Infect. Dis. 2019, 19, 590. [Google Scholar] [CrossRef]

	



Barjas-Castro, M.L.; Angerami, R.N.; Cunha, M.S.; Suzuki, A.; Nogueira, J.S.; Rocco, I.M.; Maeda, A.Y.; Vasami, F.J.S.; Katz, G.; Boin, I.F.S.F.; et al. Probable transfusion-transmitted Zika virus in Brazil. Transfusion 2016, 56, 1684–1688. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Identification and detection values of the positive sample for DENV and CHIKV in different quantitative sample pools.






Table 1. Identification and detection values of the positive sample for DENV and CHIKV in different quantitative sample pools.





	
Average of Detection Values




	
Number of

Pooled Samples

	
6

	
8

	
10

	
12

	
14

	
16

	
18

	
20






	
Dengue

	
23.7

	
24.2

	
25.4

	
28.8

	
28.5

	
ND *

	
ND *

	
ND *




	
Chikungunya

	
22.8

	
23.1

	
23.8

	
24.2

	
24.1

	
24.4

	
24.5

	
25.0








ND: not detected; * Presence of curve below detection limit.
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