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Background. Except for public health case reports, the incidence of Zika virus (ZIKV), chikungunya virus (CHIKV), and
dengue virus (DENV) infection are not available to assess the potential blood transfusion safety threat in Brazil.

Methods. Pools of 6 donation samples (MP6) left over from human immunodeficiency virus, hepatitis B virus, and hepatitis C
virus nucleic acid testing were combined to create MP18 pools (3 MP6 pools). Samples were tested using the Grifols triplex ZIKV,
CHIKV, and DENV real-time transcription mediated amplification assay to estimate prevalence of RNAemia and incidence, and to
compare these results to case reports in Sdo Paulo, Belo Horizonte, Recife, and Rio de Janeiro, from April 2016 through June 2019.

Results. ZIKV, CHIKV, and DENV RNAemia were found from donors who donated without overt symptoms of infection that
would have led to deferral. The highest RNAemic donation prevalence was 1.2% (95% CI, .8%-1.9%) for DENV in Belo Horizonte in
May 2019. Arbovirus infections varied by location and time of year, and were not always aligned with annual arbovirus outbreak

seasons in different regions of the country.
Conclusions.

Testing donations for arboviruses in Brazil can contribute to public health. Transfusion recipients were likely

exposed to ZIKV, CHIKV, and DENYV viremic blood components during the study period.

Keywords.

arboviruses; Zika virus; chikungunya virus; dengue virus; blood donors; transfusion medicine; nucleic acid testing.

Arbovirus infections are a major public health concern in Brazil
and other tropical/subtropical countries [1]. The potential
transmission of arboviruses by transfusion became an impor-
tant blood safety topic following significant transfusion trans-
mission of West Nile virus in United States (US) epidemics
beginning in 2002 [2, 3]. Other arboviruses have not been dem-
onstrated to be as readily transmitted by transfusion. Even so,
there are questions on the extent to which the risk of transfu-
sion transmission may be present in different countries.
Brazil has the largest number of dengue virus (DENV) cases re-
ported annually in the Americas [4-6]. Virtually all of these in-
fections are assumed to be mosquito-acquired. Chikungunya
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virus (CHIKV) was introduced into the Americas in 2014
and spread extensively in the Caribbean Islands and Central
America in 2015 [7]. Large CHIKV epidemics were expected
to occur in Brazil in the following year, but instead an epidemic
of a then little-known virus occurred: Zika virus (ZIKV). ZIKV
was previously considered to cause mild illness [8-11] with fe-
ver, maculopapular rash, conjunctivitis, and arthralgia [12],
and so did not attract sustained interest from the scientific
and medical communities. Unfortunately, with ZIKV emerging
in new areas and affecting high-density, naive populations, it
became clear that it could cause severe neurological complica-
tions, including Guillain-Barré syndrome (GBS), as first docu-
mented during the French Polynesian outbreak [13], and
congenital syndromes following intrauterine transmission
[14-16].

Subsequently, Brazil has experienced outbreaks of all 4 sero-
types of DENV, CHIKV, and ZIKV. The overall population-
level exposure to both ZIKV and CHIKV is not of the scale
seen on Caribbean Islands, where 25%-40% of the population
may have been exposed during the course of 1- or 2-year major
outbreaks [17, 18]. Thus, the Brazilian population, including
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blood donors and therefore the transfusion recipient popula-
tion, continues to be at risk for CHIKV, ZIKV, and DENV
outbreaks. While ZIKV was later documented to have been
introduced in Brazil during 2014, it was recognized only in
2015 [19]. ZIKV became a mandatory reportable disease in
2016. Because of cross-reactivity of the serological assays
used in the diagnosis of ZIKV and DENV [20], it is possible
thatin 2015-2016 many reported DENV cases were ZIKV in-
fections. In 2017, CHIKV epidemics occurred in the north-
east region of the country. ZIKV case reports decreased
rapidly in 2017 and 2018, and there are still substantial pro-
portions of persons naive for ZIKV and CHIKYV infections in
the populations of many states, including Sdo Paulo and
Minas Gerais.

Except for surveillance based on clinical case diagnosis, cur-
rent data on the incidence of ZIKV, CHIKV, and DENV are not
available to assess the potential blood safety threat in Brazil. A
transcription-mediated amplification (TMA) nucleic acid test-
ing (NAT) triplex assay with high sensitivity that can detect and
discriminate between the 3 agents has been developed in the
US. This assay works by simultaneously amplifying unique se-
quences of RNA for each of these arboviruses. The RNA detec-
tion periods of this assay when performed in small pool
(minipool) formats of different donations are assumed to ap-
proximate the durations of infectious viremia [21]. The objec-
tive of this study is to determine the prevalence of ZIKV,
CHIKYV, and DENV RNAemia in donations and the incidence
of these infections in donors at 4 Brazilian blood centers partic-
ipating in the National Heart, Lung, and Blood Institute of the
National Institutes of Health Recipient Epidemiology and
Donor Evaluation Study III (REDS-III), and to evaluate wheth-
er these data can supplement case surveillance for these arbovi-
ruses. We conducted minipool NAT testing of stored donation
samples from blood donations collected at blood centers in Sao
Paulo, Belo Horizonte, Recife, and Rio de Janeiro, Brazil. This
allowed us to estimate the prevalence of RNAemia and the in-
cidence of asymptomatic infection in donors based on pub-
lished estimates of the duration of viremia for each virus, and
to compare donor incidence to public health case reports in
the 4 cities.

METHODS

Study Setting and Sample Acquisition

The participating blood centers were Fundacdo Pré-Sangue
(FPS) in Sao Paulo, Hemominas in Belo Horizonte, Hemorio
in Rio de Janeiro, and Hemope in Recife. Except for
Hemope, located in the northeast, the other 3 centers are in
the highest-population-density southeast region of Brazil.
This study was approved by the Brazilian National Research
Ethics Commission, the local ethics committees at each partic-
ipating center, the Institutional Review Board (IRB) of the

University of California, San Francisco in the US, the IRB of re-
cord for Vitalant Research Institute, and the IRB of the data co-
ordinating center (Research Triangle Institute).

In public blood centers in Brazil, all donations are tested for
human immunodeficiency virus (HIV), hepatitis B virus
(HBV), and hepatitis C virus (HCV) using NAT in a minipool
format consisting of 6 pooled samples (MP6). Starting in April
2016, residual pooled plasma samples of 0.3-0.4 mL from MP6
NAT for HIV, HCV, and HBV were combined to create MP18
pools (3 MP6 samples per pool) of between 0.9 and 1.2 mL of
plasma. Sampling and MP18 creation were done on a weekly
basis. Thus, in situations at the end of the week where the num-
ber of available MP6 samples was insufficient, MP12s were cre-
ated or the original MP6 samples were stored. Following MP18
creation, the study samples were frozen and shipped to the US.
About 400 donations per week per site, which corresponds to
approximately 67 MP6 samples/week or approximately 23
MP18 samples/week, were obtained for retrospective testing.

Laboratory Testing

Samples were tested on the Panther platform using the Grifols
ZIKV, CHIKV, and DENV real-time TMA research use—only
assay (Grifols Diagnostic Solutions, San Diego, California).
This triplex assay can simultaneously amplify and discriminate
ZIKV, CHIKV, and DENV RNA on the Panther platform and
reports qualitative results, so we could not directly quantitate
RNAemia. ZIKV RNA detection by the Grifols Procleix Zika
Virus (a US Food and Drug Administration licensed
and Conformite Europeenne [CE]-marked singleplex assay
with a 95% LOD 12 copies/mL; 50% LOD 3 copies/mL) and
this triplex assay show similar, high sensitivity [22, 23]. The
95% detection probabilities for DENV RNA using the
CE-marked singleplex Grifols Procleix Dengue Virus assay in
copies/mL and associated 95% fiducial limits are 21.04
(16.75-28.35) for DENV-1, 25.95 (20.19-36.16) for DENV-2,
18.81 (14.49-26.80) for DENV-3, and 28.95 (22.14-41.14) for
DENV-4 [24]. Unpublished data show a similar performance
for the CE-marked DENV singleplex assay and this triplex as-
say (personal communication, K. Gui). Information on analyt-
ical sensitivity for CHIKV is not available.

At Grifols in San Diego or Vitalant Research Institute in
San Francisco, MP18 samples were thawed, and additional
plasma (previously screened using the same assay to establish
it contained no detectable ZIKV, CHIKV, or DENV RNA)
was added to create a total volume of at least 1.2 mL in each
tube. Testing was focused on 3 different calendar periods:
April 2016-June 2017, November 2017-June 2018, and
November 2018-June 2019. For the first period, we conducted
extended testing for a consecutive 15-month period for all sites.
In addition, for Hemorio all months of 2018 were tested, except
some June 2018 samples that were lost in a fire at the center and
could not be included.
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Reactive pools could not be resolved into the individual reac-
tive donations because only already pooled samples were avail-
able for testing. As part of standard HIV, HCV, and HBV MP
testing, FPS in Sdo Paulo included donations from the city of
Sdo Paulo and 3 adjacent cities, Guarulhos, Osasco, and
Barueri. Hemominas, Hemorio, and Hemope included only
samples from the city where the blood centers are located
(Belo Horizonte, Rio de Janeiro, and Recife, respectively).

We compare donation testing results to the number of clin-
ical case notifications per month for ZIKV, CHIKV, and DENV
infections at the city and state level, collected in case report sys-
tems, obtained through the national Notifiable Diseases
Information System, also known as SINAN, available on the
DATASUS website from the Ministry of Health (http:/
www?2.datasus.gov.br/). Case notification data in SINAN are
collected at health facilities through epidemiological disease
surveillance reporting forms. To calculate incidence of each ar-
bovirus per 100000 inhabitants, we obtained population esti-
mates of the blood center catchment area from the Brazilian
Institute of Geography and Statistics (https:/www.ibge.gov.
br/cidades-e-estados/).

Statistical Methods

We estimated monthly proportions of donations reactive for
ZIKV, CHIKV, and DENV RNA (prevalence of RNAemia) us-
ing the Firth method as described by Hepworth and Biggerstaff
for proportions from pooled testing that accounts for variable
pool sizes, since small numbers of MP6 and MP12 were tested
in addition to MP18 [25, 26]. We reported Wilson score confi-
dence intervals (CIs). We assumed that a reactive pool repre-
sents at least 1 reactive donation and did not adjust estimates
for the sensitivity or specificity of the assay.

To estimate incidence in the donor population, we used the
following estimator, derived from a simple dynamic model of
short-duration infections:

3 p

ipa
Where 1 is the incidence estimate, p the prevalence of
RNAemia, and d the duration of RNAemia. We used
RNAemia duration estimates of 9.9 days (95% CI, 6.8-21.6)
for ZIKV [27], 5.1 days (95% CI, 4.1-6.0) for CHIKV [17],
and 9.1 days (95% CI, 4.4-13.9) for DENV [28]. Confidence in-
tervals on incidence rates were obtained from parametric boot-
strapping by sampling prevalence and durations from
truncated normal distributions centered on our estimates and
the published duration estimates, respectively, and standard
deviations derived from the uncertainty around those values
and truncated to prevent impossible values from being drawn.
For comparability, monthly incidence was expressed as infec-
tions per 100 person-months (PM). We further computed
monthly reported case rates (number of cases reported per
100 000 population).

The number of RNAemic blood components released for
transfusion was estimated by multiplying RNAemic donation
proportions for each blood center and month by the number
of donations collected during that month and by the average
number of blood components produced from each donation
in Brazil. For the latter number we used 2.3, the average num-
ber of red blood cells, platelets, and plasma units produced in
the country from each whole blood donation in 2018 reported
by the Brazilian Health Regulatory Agency [29].

RESULTS

Overall 23 552 minipool samples, comprised of 215376 dona-
tions, were tested from a total population of 994 370 donations
collected at the 4 blood centers during the time periods from
which samples were tested. Of these, 56010 tested donations
were collected at FPS (Sio Paulo), 49374 at Hemominas
(Belo Horizonte), 52476 at Hemope (Recife), and 57516 at
Hemorio (Rio de Janeiro). Supplementary Table 1 provides in-
formation on samples tested by month for each blood center.

Zika Virus

No ZIKV RNAemia was detected in donations collected by FPS
or Hemope during the study period (Supplementary Figures 1
and 2), but substantial prevalence of RNAemic donations was
detected in Hemominas and Hemorio, with the highest preva-
lence in 2016 (Table 1). The prevalence of RNAemia during
April-October 2016 (period 1) in Hemominas was 88.3/100
000 donations (95% CI, 47.9-162.4) and in Hemorio was
202.6/100 000 donations (95% CI, 139.1-294.9), with lower
prevalence in periods 2 and 3, but still >50/100 000 donations
in Hemorio during both periods. No ZIKV RNAemic donations
were detected at any blood center in November 2018-June 2019
(period 4).

Further specifying the study periods into months, in April
2016, ZIKV RNAemia was detected at prevalence of
638/100 000 donations (95% CI, 336-1203) in Hemominas
(Figures 1 and 2) and at 639/100000 donations (95% CI,
433-939) in Hemorio (Figure 1 and Figure 3). Incidence of
RNAemia in Hemominas blood donors during this month
was estimated at 2.0 infections/100 PM (95% CI, .6-7.4), and
in Hemorio donors at 2.0/100 PM (95% CI, .9-7.3) (Figures 2
and 3). Monthly RNAemic donation prevalence and donor in-
cidence are reported in Supplementary Tables 2 and 3.

Chikungunya Virus

CHIKV RNAemia was detected in samples collected at FPS dur-
ing period 1 at a prevalence of 7.0/100 000 donations (95% CI,
1.2-39.5; Table 1). At Hemominas no CHIKV RNAemia was
detected in any period. Graphical results for FPS and
Hemominas summarize these findings (Supplementary
Figures 3 and 4). At Hemope, CHIKV RNAemia was detected
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Prevalence of RNAemic Donations by Seasonal Arbovirus Outbreak Period in 4 Blood Centers, Brazil

Table 1.

Hemorio, Rio de Janeiro

Hemope, Recife

Hemominas, Belo Horizonte

Fundagéo Pro-Sangue, Séo Paulo

DENV ZIKV CHIKV DENV ZIKV CHIKV DENV ZIKV CHIKV DENV

CHIKV

ZIKV

Period

14.8
(4.1-63.9)

111.9

(67.7-184.7)

202.6
(139.1-294.9)

0.0
(.0-31.8)

0.0 70.4 0.0 83.0
(35.7-138.9) (.0-31.8) (45.1-152.8)

(.0-33.7)

88.3
(47.9-162.4)

28.0
(10.9-71.9)

7.0

(1.2-39.5)

0.0
(.0-26.8)

Apr 2016-Oct

20162
Nov 2016-Jun

0.0
(.0-30.3)

7.9
(1.4-44.7)

94.9
(54.3-165.8)

0.0
(.0-29.5)

0.0
(.0-29.5)

0.0
(.0-29.5)

0.0
(.0-31.3)

0.0
(.0-31.3)

8.2
(1.4-46.2)

0.0
(.0-27.7)

0.0
(.0-27.7)

0.0

2017°

(.0-27.7)

0.0
(.0-31.2)

491
(22.5-107.0)

65.3
(33.1-128.7)

28.8
(11.2-73.9)

14.4
(3.9-52.3)

0.0 8.2 0.0
(1.4-46.2) (.0-27.5)

(.0-31.3)

0.0
(.0-31.3)

0.0

(.0-27.9)

0.0
(.0-27.9)

0.0

Nov 2017-Jun

2018

(.0-27.9)

225
(7.6-65.9)

45.0
(20.6-98.1)

0.0
(.0-28.6)

29.8
(11.6-76.6)

0.0
(.0-28.5)

0.0
(.0-28.5)

358.2
(269.3-475.6)

0.0
(.0-28.3)

0.0
(.0-28.3)

49.9
(24.2-102.9)

0.0
(.0-27.2)

0.0
(.0-27.2)

Nov 2018-Jun

2019

Data are presented as RNAemic donations per 100 000

(95% confidence interval).

Abbreviations: CHIKV, chikungunya virus; DENV, dengue virus; ZIKV, Zika virus.

“Testing started in April 2016 and continued for 15 consecutive months. From July 2017, the periods July-October were not tested, since there is normally limited outbreak activity during these months.

in periods 1 and 3, at prevalence of 83.0/100 000 donations (95%
CI, 45.1-152.8) and 14.4/100 000 donations (95% CI, 3.9-52.3),
respectively. At Hemorio, CHIKV RNAemia was documented
in all periods, with prevalence ranging from a low of 7.9/100
000 donations (95% CI, 1.4-44.7) in period 2 to high of 111.9/
100 000 donations (95% CI, 67.7-184.7) in period 1.

The monthly incidence of CHIKV infection was estimated
at 2.6/100 PM (95% CI, .7-4.7) in Hemope donors during
April 2016 (Figure 4, Supplementary Table 3). Incidence in
Hemorio donors was estimated at 2.1/100 PM (95% CI,
1.0-3.4) in the same month and ranged from 0.4/100 PM to
1.1/100 PM during the sporadic outbreak activity observed in
Rio de Janeiro from the months in which samples were tested
in the years 2017-2019 (Supplementary Table 3, Supplementary
Figure 5).

Dengue Virus

DENYV outbreaks were evident based on RNAemia during pe-
riods 1 and 4 in all 4 blood centers (Table 1 and Figure 1).
The prevalence of DENV RNAemia at FPS was 49.9/100 000
donations (95% CI, 24.2-102.9) during period 4 and at
Hemominas were 70.4/100000 donations (95% CI, 35.7-
138.9) and 358.2/100 000 donations (95% CI, 269.3-475.6) dur-
ing periods 1 and 4, respectively. A very large outbreak was ev-
ident in Belo Horizonte in January-June 2019 (period 4), with
monthly RNAemia prevalence peaking at 1225/100 000 dona-
tions (95% CI, 783.0-1895.3) and donor incidence peaking at
4.1/100 PM (95% CI, 2.0-9.5) during May 2019 (Figure 5,
Supplementary Tables 2 and 3). The upper value of each axis
in each figure varies to better show the relative rates of donor
RNAemia, incidence, and public health case reports within
each location rather than across all sites.

Monthly donor incidence and reported clinical case rates for
each infection parallel each other when the outbreak activity is
high (Figures 2-5). For larger arbovirus outbreaks, particularly
ZIKV in April 2016 in Rio de Janeiro and Belo Horizonte,
CHIKYV in Recife in April and May 2016, and DENV in Belo
Horizonte in April and May in 2019, donor incidence of >1 in-
fection per 100 PM was a reliable indicator of arbovirus activity.
The point estimates show that testing of donor samples can
identify evidence of wider transmission of ZIKV, CHIKV, or
DENV in the blood center donor catchment area at the time
clinical case reports are being generated by healthcare centers.

RNAemic Blood Components

With these RNAemic minipool data, we estimate that at least
343 ZIKV RNAemic components, 325 CHIKV RNAemic com-
ponents, and 675 DENV RNAemic components were donated
and assumed to have been released for transfusion during the
study periods by the 4 blood centers (Table 2). Estimated num-
bers of RNAemic donations and components by month are
shown in Supplementary Table 4.

Arbovirus RNA in Brazilian Blood Donors « JID 2023:227 (1 March) « 699


http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiac173#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiac173#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiac173#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiac173#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiac173#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiac173#supplementary-data

B zxv [ crikv [ oenv

Fundag&o Pro-Sangue, Séo Paulo

Hemominas, Belo Horizonte

1250+

1000+

7504

500+

o
o
o
g 250+ |
=
S
2 i llim 1 | il 1 | | ||
2
£
o Hemope, Recife Hemorio, Rio de Janeiro
8 1250
2
§ 1000
<
Z
T 750

500

250 : { | _

i l l1 m I o || Lm s [PTY Lanaidl v mhl

ANNNNNNNNNNNANNANNNNNNANNANNANNNNANNNNNNNNANNN AN NANNANNNNNNNNNNNNNNNNAUNAUAUNANNANNNNNNNNNNN

ExCcS DA ZVCOE s> CcTS DA > 0Ccos s >2CcSDapg2caos = >C RS AR PO C O s C S AR PO C O S DA 20CcCOS s >»ES

Clm:2,:wSGMmQWﬂm:%:msommmmﬂm:%:maommm"‘&m: Qms%:mo‘)ammu;“’Qm3%:mounmmwmamsgsmo‘)nmmmf"ﬂ-msg

L=9 2Pz LE<=5 2Oz LE<=E=S 'SP zo-LE<ES L=S5 TP zZzo0LELES’TnPzZzouLEL=ES5’TnPzoou=a=S
Month

Figure 1.
kungunya virus; DENV, dengue virus; ZIKV, Zika virus.

Prevalence of RNAemic donations by month in 4 blood centers. Minipool samples from the months shown in gray were not tested. Abbreviations: CHIKV, chi-

DISCUSSION

In this study we tested pooled residual volume plasma samples
left over from routine NAT testing for HIV, HCV, and HBV for
evidence of ZIKV, CHIKV, and DENV RNAemia at 4 blood
centers in Brazil. The results show varying patterns of ZIKV,
CHIKV, and DENV in donors who donated to FPS,
Hemominas, Hemorio, and Hemope. During arbovirus out-
break seasons in Brazil starting in 2016, ZIKV, CHIKV, and
DENYV were being transmitted by mosquitoes to donors who
donated while they were RNAemic without overt symptoms
of infection that would have led to deferral. The circulating ar-
bovirus infections varied by geographic region and study peri-
od, and infections in donors were not always aligned with the
presumed annual arbovirus outbreak season in different parts
of the country.

In particular, ZIKV RN Aemic MPs were identified outside of
the expected arbovirus outbreak season in Rio de Janeiro in
2017 and early 2018. Thereafter, no ZIKV-reactive MPs were
observed in the period of late 2018 to early 2019. While
ZIKYV is known to be sexually transmitted, the degree to which
sexual transmission contributed to the detection of ZIKV
RNAemic donations outside of the recognized annual arbovi-
rus outbreak period is unknown. Although there is biological
plausibility for sexual transmission, particularly from males
to their sexual partners [30], the overall scientific evidence
for sexual transmission of ZIKV and other arboviruses
remains limited [31, 32]. In the absence of mosquito-borne

transmission directly to humans, vertical transmission in
Aedes aegypti mosquitoes may be more likely to maintain hu-
man exposure to Zika virus than human sexual transmission,
which is inefficient from males to females and even more so
from females to males. Vertical transmission within mosqui-
toes has been demonstrated for DENV, CHIKV, and ZIKV
and could explain the observed Zika activity in Rio de Janeiro.

The ecological factors that lead to major arbovirus outbreaks
remain poorly understood. Our results show these patterns are
complex and that even in adjacent states in Brazil (Sao Paulo,
Rio de Janeiro, and Minas Gerais) the arboviruses being trans-
mitted to humans by mosquitos are varied. We started our
study just after the large ZIKV outbreak occurred in the north-
east of Brazil in 2015, including in Pernambuco where Hemope
collects blood. The finding of no ZIKV-reactive minipools in
Recife in April 2016 was unexpected and shows how quickly ar-
bovirus infections can change. It is noteworthy that we did de-
tect CHIKV RNAemia in donors during this period in Recife.
CHIKYV has spread throughout Brazil [33], yet large widespread
CHIKYV outbreaks have not been documented. The ecological
factors that can be used to predict large outbreaks need contin-
ued investigation [34].

In locations where arbovirus activity was not detected, the
upper limit of the 95% ClIs provides an indication of the ability
of this study to detect infections in donors. The upper limit of
the 95% CI is the estimate of how high the infection rate could
be given the sample size for each weekly and monthly set of
data; that is, any arborvirus activity over that upper CI would
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Table 2. Estimated Number of RNAemic Donations and Blood Components Released, by Seasonal Arbovirus Outbreak Period in 4 Blood Centers, Brazil

Fundagéo Pro-Sangue,

Séo Paulo Hemominas, Belo Horizonte Hemope, Recife Hemorio, Rio de Janeiro
Period ZIKV CHIKV DENV ZIKV CHIKV DENV ZIKV CHIKV DENV ZIKV CHIKV DENV
Apr 2016-Oct 2016 0(0) 6(12) 14 (31) 37 (81) 0(0) 29 (65) 0 (0) 56 (122) 01(0) 31(67) 18 (40) 4(8)
Nov 2016-Jun 2017 01(0) 0(0) 01(0) 4(8) 0(0) 0(0) 0 (0) 0 (0) 0(0) 47 (105) 4(9) 0(0)
Nov 2017-Jun 2018? 0 (0) 0(0) 0 (0) 0 (0) 0(0) 7 (15) 0(0) 11 (25) 20 (45) 34 (76) 27 (58)° 0(0?®
Nov 2018-Jun 2019 0(0) 0(0) 39 (86) 0(0) 0(0) 160 (353) 01(0) 01(0) 20 (44) 0(0) 27 (59) 14 (28)
Total 0(0) 6(12) 53 (117) 41 (89) 0(0) 196 (433) 0 (0) 67 (147) 40 (89) 115 (254) 76 (166) 18 (36)

Data are presented as No. of donations (No. of blood components).
Abbreviations: CHIKV, chikungunya virus; DENV, dengue virus; ZIKV, Zika virus.

#The majority of samples from Hemorio in June 2018 could not be tested due to a fire in which the samples were destroyed.

likely be detectable given our sample sizes. This provides a way
to extrapolate the expected sensitivity of donor surveillance to
detect outbreak activity. Expanded testing of donor MP sam-
ples would increase the sensitivity to detect infections at lower
levels of arbovirus outbreak activity.

When comparing the minipool testing results to public
health clinical case report data, the overlap in the patterns at
the same points in time suggest that there may be additional
value achieved in surveillance of donors beyond that achieved
through symptomatic case reports to public health authorities.
While our retrospective study could not provide insights in real
time, routine donor surveillance for these infections using mul-
tiplex assays would have advantages over case reports. The near
real-time monitoring of donors using NAT arbovirus assays
would provide information on the specific infection(s) circulat-
ing in the local community where blood is donated. This infor-
mation could help in the clinical diagnoses and care of patients
as well as lead to the interdiction of RNAemic blood units to
reduce the risk of transfusion transmission. However, the
threshold level of arbovirus activity in which donor surveillance
could be informative for public health is undefined and would
vary by virus and from outbreak to outbreak.

Our study has limitations. First, sampling at 4 blood centers
in regions that have been affected by arbovirus activity to
varying degrees is not representative of the experience in all re-
gions in Brazil or even within the states where this study was
conducted. Second, because samples were obtained from previ-
ously pooled specimens which had limited volume and there
were no retained individual samples available to us, we could
not resolve the reactive pools into the specific donations that
tested RNAemic. Consequently, we are unable to conduct anal-
yses of demographic correlates (age, sex, area of residence) of
RNAemic donations. Third, detection of RNA in blood samples
does not mean the samples had infection-competent viruses
that could transmit infections to transfusion recipients; that
is, release of RNAemic blood components for transfusion is
not a demonstration of transmission of infection to recipients.
Fourth, dilutional effects of MP6 with the addition of plasma
or pooling of 3 MP6 samples led to an MP testing size of

>18 donations per pool. Donations with low-level viremia
could be missed in this study.

The results of this study show the utility of minipool testing
of donors for arbovirus RNA as part of public health surveil-
lance and provide evidence that blood recipients in Brazil
were likely exposed to viremic blood components for each of
these arboviruses during the REDS-III MP surveillance study
period. Each known and newly emerging arbovirus needs to
be studied to identify the risks and clinical consequences of
transfusion transmission for recipients. In a highly endemic
country for arboviruses, the use of multiplex assays to screen
blood donations can identify multiple infectious agents at the
same time in the same geographic location. While this study
is unable to establish the implications for transfusion recipi-
ents, it does provide evidence that RNAemic components are
being unintentionally transfused. Previous research has shown
a transfusion transmission probability of approximately one-
third if DENV RNA is detected in blood donations [35].
Similar data are not available for ZIKV or CHIKV, but proba-
bilities of transfusion transmission are presumed to be lower.
Case reports of ZIKV transfusion transmission are document-
ed, but not for CHIKV transfusion transmission. Given the es-
timated exposure risk in our study, further monitoring of
donors and studies to define the implications for patients re-
quiring transfusion are warranted.
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