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Background: Zika, a disease caused by Zika virus infections, has recently emerged and caused

outbreaks in many parts of the world. The clinical manifestations of Zika are usually mild,

mostly presenting as an exanthematic febrile disease, but on some occasions, it might be

associated with microcephaly after intrauterine infection, and Guillain-Barré Syndrome.

Zika  virus is primarily transmitted by mosquito bites, but other means of transmission

have been described, and potential risk for blood transmission has been reported in French

Polynesia and Brazil.

Methods: To investigate the risk of Zika virus infection after a blood transfusion in an area

of  Brazil where a possible transmission by a platelet concentrate has been described. Using

a  mini-pool format, 1857 blood donations were evaluated by real-time reverse transcriptase

polymerase chain reaction designed to detect Zika virus RNA.

Results: After testing samples individually from positive mini-pools, the prevalence of Zika

virus RNA was only 0.16%, a result probably associated to the low circulation of this virus

in  the study area. In addition, it was evident that the implementation of post-surveillance

programs is important to detect Zika virus infections in blood donors, as the post-donation

surveillance program detected two blood donors with the disease in this study.

Conclusion: This study shows that the risk for Zika virus transmission by blood transfusion

is  real, even in regions with a low circulation of the disease, but the combination of the

detection of Zika virus RNA by polymerase chain reaction and post-donation surveillance

might reduce the risk of transmission by blood transfusions.
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ika, a disease caused by the Zika virus (ZIKV), is usually
haracterized by rash, low-grade fever and mild constitu-
ional symptoms.1,2 However, according to data released from
tudies in French Polynesia, most ZIKV infections remain
symptomatic.3 Although the prevalence of asymptomatic
IKV infections in Brazil is not known, infections by this
irus were first reported as a dengue-like disease in 2015
nd since then, significant outbreaks have occurred in several
egions of the country, especially in the northeastern region.4

lthough hard data are still missing, there is evidence that
IKV infections might also be associated with more  severe
resentations, such as Guillain-Barré Syndrome and micro-
ephaly in newborn babies whose mothers were infected with
IKV during pregnancy. This arthropod-borne virus is primar-

ly transmitted by the bites of female Aedes mosquitoes, but
ew transmission routes have been described in outbreaks
ccurring in the Pacific region and the Americas.5–7 Interest-

ngly, the first isolated and fully sequenced autochthonous
ransmitted ZIKV in the Americas came from a region where
he Zika outbreak has not been very significant, the south-
astern region of Brazil.8 This virus was isolated in the city of
ampinas, São Paulo State, in a patient who underwent a liver

ransplantation and received a platelet concentrate transfu-
ion with probable transfusion transmission being reported.9

ue to this local transmission and the report from French
olynesia on the risk of ZIKV transmission by blood,5 it is
f paramount importance to define the real risk of ZIKV
ransmission either through blood or blood components, and
hich preventive measures should be taken to minimize

his risk. This study reports the results of an investigation
o detect the frequency of ZIKV RNA using minipools com-
rised of blood donated in the same city where the first
razilian ZIKV was isolated, and reinforce the importance of
ost-donation surveillance to detect ZIKV infections in blood
onors.

bjectives

o identify the prevalence of ZIKV RNA in blood donations in
he blood center of the Universidade Estadual de Campinas
UNICAMP).

ethods

lood  donors

 total of 1857 blood donations from the Campinas metropoli-
an region were screened for ZIKV RNA by real-time reverse
ranscription polymerase chain reaction (rRT-PCR). Samples
ere collected from all donations on Fridays for four con-

ecutive weeks in February and March 2016. According to
10
he Municipal Epidemiological Surveillance Agency the

ighest incidence of arthropod-borne diseases is in the sum-
er  and thus, it is believed that this would be the best

ime to investigate ZIKV transmission by blood transfusion.
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During the pre-donation evaluation, donors were asked about
symptoms of infectious diseases in the weeks leading up to the
interview, known risk factors for viral infections and having
been in areas of risk for Zika outside of Brazil in the previous 30
days. The blood donations were screened for the usual blood-
borne pathogens. The blood components produced from these
donations would be released for transfusion independently of
any screening test for ZIKV RNA. This study was approved by
the Ethics Committee on Human Research of the Faculdade de
Medicina de Ribeirão Preto of the Universidade de São Paulo
(FMRP USP). The complementary tests were authorized by the
donors who signed informed consent forms before the blood
donation.

RNA  extraction  and  real-time  reverse  transcription
polymerase  chain  reaction

The nucleic acids were extracted on the same day as the dona-
tion from minipools containing samples from six blood donors
using a silica membrane protocol developed by BioManguin-
hos (Rio de Janeiro, Brazil) and an automated, robotic system
[BioRobot MDx  Universal System (Qiagen, Switzerland)]. ZIKV
RNA detection as well as NAT screening for human immu-
nodeficiency virus-1 (HIV-1), Hepatitis C virus (HCV), and
hepatitis B virus (HBV) were performed in minipools of dona-
tions using the NAT HIV/HCV/HBV Kit (Bio-Manguinhos, Rio
de Janeiro, Brazil). Extracted RNAs were frozen at −80 ◦C and
ZIKV RNA testing was performed after 24–36 h. In order to
obtain the most reliable rRT-PCR results, Lanciotti’s rRT-PCR
protocol was initially used and confirmed by the rRT-PCR pro-
tocol described by Pyke et al.2,11 Samples were considered
positive if they amplified ZIKV RNA with a crossing thresh-
old (CT) of less than 40 and samples with a CT between
35 and 40 were submitted to confirmation tests by an addi-
tional rRT-PCR. Donor samples in rRT-PCR positive pools were
tested individually to identify the positive donor. All rRT-
PCR included internal control samples that tested positive
for the HIV-1, HCV and HBV genomes, and positive ZIKV
controls consisting of dilutions of ZIKV prepared in Vero
cells. In short, rRT-PCR for ZIKV used 4 �L aliquot from each
minipool and 6 �L of amplification reaction containing 2.5 �L
of reaction mix  (TaqMan Fast Virus 1-Step Master Mix), and
125 nM of each primer and probe diluted in nuclease free
water.

Sequencing  and  phylogenetic  analysis  of  the  Zika  virus
detected  in  positive  samples

Positive samples were sequenced by Sanger technology, using
the BigDye Direct Cycle Sequencing kit protocol and primers
that amplify a 500-base pair region inside the NS1 gene of the
ZIKV. Sequencing was performed in an ABI 3500 sequencer
(Applied Biosystems) and data was analyzed using MEGA 7
software. The analysis involved 13 NS1 gene sequences from
distinct ZIKV sequences available in the NCBI website. A total

of 474 positions were analyzed in the final dataset because
all positions containing gaps and missing data were elimi-
nated.
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Results

Characteristics  of  the  blood  donors

The donations studied here corresponded to 42% of all blood
donations performed in the blood center during the study
period. Blood donors consisted of 1092 male and 765 female
donors with a median age of 35.9 ± 11.3 years old (range: 17–69
years). None of the donors reported symptoms compatible
with ZIKV infection or other infections at the time of dona-
tion, but post-donation surveillance based on positive rRT-PCR
results identified two donors reporting Zika-like symptoms
a few days after donation. One of them reported a pruritic
rash and arthralgia in the interphalangeal joints beginning
two days after donation that lasted for five days and the other
one complained of low-grade fever, rash, body aches and gen-
eralized arthralgia beginning the day following donation that
lasted for four days. Both donors had uneventful courses of
the disease and recovered without sequelae; due to the low
impact on their daily activities, neither of them reported their
disease to the blood center. A third donor who  was positive for
ZIKV remained asymptomatic. An important contribution of
this study is that the result of the rRT-PCR was obtained within
48–72 h after donation preventing all blood components pro-
duced from these three donations from being transfused.

Real-time  reverse  transcription  polymerase  chain  reaction
results

Of the 344 minipools tested, two yielded positive ZIKV rRT-PCR
results and when the individual samples of these minipools
were tested, three samples were positive for ZIKV RNA, with
CT values of 25.02, 27.19 and 38.04. For each reaction, a sample
prepared from a viral culture with a concentration of 1 × 102

copies/�L and a positive sample from a patient diagnosed with
ZIKA were used as positive controls.

Some samples were assigned to more  than one pool, with
the purpose of completing the rRT-PCR test routine. Three
additional minipools were initially positive, but when the indi-
vidual samples were tested, none turned out to be positive,
indicating that, probably, these minipool test results were
false positive. However, another possible explanation for these
cases would be the occurrence of two samples with low viral
load in the same pool, which together would reach the detec-
tion threshold of the method. None of these blood donors
developed Zika after donating.

Phylogenetic  analysis  of  positive  samples

Positive samples were sequenced using Sanger technology
and a ZIKV RNA sequence of 474 base pairs within the NS1
gene was compared with ZIKV sequences available in the Gen-
Bank (NCBI; Figure 1). The sequences had 99.8% of similarity
and 99% to the ZikaSPH2015 virus (KU321639 BRAZIL 2015)

originally isolated in the region of this study. Moreover, phy-
logenetic analysis also confirmed that the viruses detected
in this study are closely associated to the French Polynesian
strain.
. 2 0 1 8;4 0(3):250–254

Discussion

ZIKV is an enveloped, arthropod-borne virus of the Flaviviri-
dae family (genus Flavivirus),12 a genus with several viruses
of medical importance, such as yellow fever, West Nile, and
dengue fever. As with other viruses in this genus, ZIKV is a
single-stranded RNA virus possessing a positive-polarity RNA
genome of approximately 11 Kb containing an open reading
frame that encodes a polyprotein consisting of three struc-
tural proteins [capsid (C), pre-membrane (prM),  and envelope
(E)], and seven non-structural proteins (NS1, NS2a, NS2b, NS3,
NS4a, NS4b, and NS5).12 Except for West Nile virus, due to the
high rate of asymptomatic infections and the mild disease that
usually follows these viral infections, few transmissions in
arbovirus-infected transfusions have been proved.13 Further-
more,  the duration of viremia is usually short and declines
rapidly after the onset of symptoms making it difficult to
evaluate the real transmission risk of these viruses by blood
transfusion.

Although Musso et al.5 pointed out the potential for ZIKV
transmission by blood transfusion during the French Polyne-
sian outbreak, no blood transfusion-transmitted cases of ZIKV
infection had been confirmed in the world until a recent report
of a well-defined ZIKV transmission that occurred in Brazil.9

Due to the possibility of ZIKV transmission by blood transfu-
sions, a study that aimed to detect ZIKV RNA in donated blood
was implemented in the months of February and March of
2016 at the Blood Center of Campinas. Out of almost two  thou-
sand blood donor samples examined by two sensitive rRT-PCR
procedures, only three samples were found positive for the
presence of ZIKV RNA.

The quick processing of the samples permitted the blood
components obtained from these donations to be discarded;
in the post-donation follow-up, rRT-PCR-positive donors were
interviewed for Zika symptoms aiming at establishing which
stage of the disease they were in at the time of donation.
Interestingly, only one remained asymptomatic and two  of
them reported symptoms of Zika after the donation, prov-
ing there is a risk of ZIKV transmission in the incubation
period and not only from asymptomatic individuals. However,
only donors who were positive for ZIKV RNA were interviewed
and asked about symptoms. Thus, it is not possible to assess
the impact of post-donation surveillance on the prevention
of transfusion-transmitted ZIKV infection. The prevalence of
ZIKV RNA in this study was 0.16%, a lower rate than the 2.8%
reported by Musso et al.5 in their study carried out in French
Polynesia. This observation might be explained by the differ-
ence in intensity of the ZIKV outbreak in both regions as it has
been reported that in the French Polynesian outbreak about
11% of their population was infected by ZIKV.3 On the other
hand, the region of Campinas did not have the extensive ZIKV
outbreak that was seen in many  parts of Brazil; only 252 proba-
ble ZIKV infections were reported during this period, with only
four being confirmed by rRT-PCR.14 This fact may explain the
low prevalence rate of ZIKV RNA in blood donations observed
in this study and raise the possibility of higher prevalence

rates in other areas of Brazil that experienced more  severe
outbreaks.
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Figure 1 – Molecular phylogenetic analysis of positive samples (samples 1–3). ZIKV RNA sequence of 474 bp within the NS1
gene was compared with ZIKV sequences available in the GenBank. The sequences had a 99.8% of similarity among them
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nd 99% to the ZikaSPH2015 virus (KU321639 BRAZIL 2015).

Hence, it is reasonable to believe that a pre-donation ques-
ion about having come from or having visited areas with
ncreased risk for Zika might be helpful to prevent the trans-

ission of this disease through blood transfusions. However,
n 2016, the Brazilian Government considered Zika infection

idespread throughout the Brazilian territory and a guidance
ote was published about clinical screening of blood donors

hat did not include this recommendation.
In addition, this study confirmed that the ZIKV strain cir-

ulating in Brazil is closely related to the French Polynesian
train, ruling out the possibility that the low prevalence rate
f ZIKV infections in blood donors of this study is associated
o another ZIKV strain circulating in Brazil.

Furthermore, this study sheds more  light on the knowl-
dge about risk for ZIKV transmission by blood transfusion
howing that this risk is real, even in areas of low preva-
ence of ZIKV infections. Two of the ZIKV-positive samples
ad low CTs by rRT-PCR and consequently high viremias that
ould easily infect recipients of blood or blood products as
as happened before in Brazil.9 These results also demon-
trated that the frequency of individuals who are infected
ith ZIKV and do not present any symptoms is high (about

0%). This raises the question as to whether or not blood cen-
ers should implement a post-donation surveillance program
uring outbreaks of ZIKV infections. The importance of this
urveillance was demonstrated since it detected Zika in two
lood donors who  tested positive by rRT-PCR and later devel-
ped the disease, but did not report their disease to the blood
enter due to the low impact of the disease on their daily

ctivities.

Moreover, assessing the risk of transfusion-transmitted
IKV infection is a challenge to the safety and availability
of the blood supply in many  areas of the world. The Centers
for Disease Control and Prevention (CDC) has issued a docu-
ment with guidelines to prevent transfusion-transmitted ZIKV
infection,15 and the Pan American Health Organization (PAHO)
has also issued a document on the recommendations to blood
centers in epidemic areas.16 Thus, it is clear from the data
presented here that before the risk of transfusion-transmitted
ZIKV infections is completely ascertained and before rRT-PCR
to investigate ZIKV in blood transfusion services becomes a
reality, services located in areas with active ZIKV transmis-
sion should very carefully evaluate the suitability of their
blood donors. If possible, a robust process of post-donation
surveillance should be implemented in these areas to acquire
post-donation information before using the donated blood. It
is also very important to implement a hemovigilance process
to monitor patients after transfusions, where this service is
not yet available.

In summary, this is one of the few studies outside of French
Polynesia investigating the prevalence of ZIKV RNA in blood
donations and shows that the risk is real although it depends
on the extension of the outbreak. It is possible that the high-
est risk occurs in blood donors incubating the disease and
not with asymptomatic infections, but this is still subject to
confirmation since the number of ZIKV positive donations in
this study is very low. Furthermore, viremic donations could
have been missed because they were tested by minipools of six
samples and not individually, as was performed in the study
by Galel et al.,17 where only 50% of the 14 viremic donations
were detectable upon 1:6 dilutions simulating minipool test-

ing. The data here show the importance of a post-donation
surveillance process to detect the presence of ZIKV contam-
ination of blood components in areas where ZIKV rRT-PCR is
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not available, and the identification of the real risk of ZIKV
transmission by transfusion.

Conclusion

This study shows that the risk for ZIKV transmission by blood
transfusion is real, even in regions with low ZIKV circulation
and that the combination of ZIKV RNA detection by rRT-PCR
and post-donation surveillance might reduce this risk.

Conflicts  of  interest

The authors declare no conflicts of interest.

 e  f  e  r  e  n  c  e  s

1. Petersen LR, Jamieson DJ, Powers AM, Honein MA. Zika virus.
N  Engl J Med. 2016;374(16):1552–63.

2. Lanciotti RS, Kosoy OL, Laven JJ, Velez JO, Lambert AJ, Johnson
AJ, et al. Genetic and serologic properties of Zika virus
associated with an epidemic, Yap State Micronesia, 2007.
Emerg Infect Dis. 2008;14(8):1232–9.

3. Ioos S, Mallet HP, Leparc Goffart I, Gauthier V, Cardoso T,
Herida M. Current Zika virus epidemiology and recent
epidemics. Med Mal Infect. 2014;44(7):302–7.

4. Zika virus outbreaks in the Americas. Wkly  Epidemiol Rec.
2015;90(45):609–10.

5. Musso D, Nhan T, Robin E, Roche C, Bierlaire D, Zisou K, et al.
Potential for Zika virus transmission through blood
transfusion demonstrated during an outbreak in French
Polynesia November 2013 to February 2014. Euro Surveill.
2014;19(14).

6. Besnard M, Lastere S, Teissier A, Cao-Lormeau V, Musso D.
Evidence of perinatal transmission of Zika virus, French

Polynesia December 2013 and February 2014. Euro Surveill.
2014;19(13).

7. Foy BD, Kobylinski KC, Chilson Foy JL, Blitvich BJ, Travassos da
Rosa A, Haddow AD, et al. Probable non-vector-borne

1

. 2 0 1 8;4 0(3):250–254

transmission of Zika virus, Colorado USA. Emerg Infect Dis.
2011;17(5):880–2.

8. Cunha MS, Esposito DL, Rocco IM, Maeda AY, Vasami FG,
Nogueira JS, et al. First complete genome sequence of Zika
virus (Flaviviridae, Flavivirus) from an autochthonous
transmission in Brazil. Genome Announc. 2016;4(2).

9. Barjas-Castro ML, Angerami RN, Cunha MS, Suzuki A,
Nogueira JS, Rocco IM, et al. Probable transfusion-transmitted
Zika virus in Brazil. Transfusion. 2016;56(7):1684–8.

0. Secretaria Municipal de Saúde Campinas. DEVISA-Depto de
Vigilância em Saúde. Informe Epidemiológico Arboviroses.
Available from: http://www.saude.campinas.sp.gov.br/
vigilancia/informes/2016/Informe .Epidemiologico
Arboviroses 3 novembro 2016.pdf [accessed 27.02.18].

1.  Pyke AT, Daly MT, Cameron JN, Moore PR, Taylor CT, Hewitson
GR, et al. Imported Zika virus infection from the cook islands
into Australia, 2014. PLoS Curr. 2014;6.

2. Lindenbach BD, Thiel HJ, Rice CM. Flaviviruses. In: Knipe DM,
Howley PM, editors. Fields virology. 6th ed. Philadelphia, PA,
USA: Wolters Kluwer/Lippencott Williams & Wilkins; 2013. p.
712.

3. Petersen LR, Busch MP. Transfusion-transmitted arboviruses.
Vox Sang. 2010;98(4):495–503.

4. Secretaria Municipal de Saúde Campinas. DEVISA-Depto de
Vigilância em Saúde. Informe Epidemiológico Arboviroses.
Available from: http://www.saude.campinas.sp.gov.br/
vigilancia/informes/2016/Informe Epidemiologico
Arboviroses 29 setembro 2016.pdf [accessed 27.02.18].

5.  US Food and Drug Administration (FDA). FDA guidance:
recommendations for donor screening, deferral, and product
management to reduce the risk of transfusion-transmission
of Zika virus; 2016. Available from: http://www.fda.gov/
BiologicsBloodVaccines/GuidanceComplianceRegulatory
Information/Guidances/default.htm [accessed 16.06.16].

6.  PAHO. Provisional recommendations for blood services in
light of the Zika virus epidemic: potential impact on the
spread of the infection and on the availability and safety of
blood and blood components; 2016. Available from: http://
www.paho.org/hq/index.php?option=com docman&task=doc

details&gid=33664&Itemid=270&lang=en [accessed 27.02.18].

7.  Galel SA, Williamson PC, Busch MP, Stanek D, Bakkour S,
Stone M, et al. First Zika-positive donations in the continental
United State. Transfusion. 2017;57(3pt2):762–9.

http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0090
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0095
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0100
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0105
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0105
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0105
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0105
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0105
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0105
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0105
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0105
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0105
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0105
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0105
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0105
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0105
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0105
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0110
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0115
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0120
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0125
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0130
http://www.saude.campinas.sp.gov.br/vigilancia/informes/2016/Informe_.Epidemiologico_Arboviroses_3_novembro_2016.pdf
http://www.saude.campinas.sp.gov.br/vigilancia/informes/2016/Informe_.Epidemiologico_Arboviroses_3_novembro_2016.pdf
http://www.saude.campinas.sp.gov.br/vigilancia/informes/2016/Informe_.Epidemiologico_Arboviroses_3_novembro_2016.pdf
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0140
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0145
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0150
http://www.saude.campinas.sp.gov.br/vigilancia/informes/2016/Informe_Epidemiologico_Arboviroses_29_setembro_2016.pdf
http://www.saude.campinas.sp.gov.br/vigilancia/informes/2016/Informe_Epidemiologico_Arboviroses_29_setembro_2016.pdf
http://www.saude.campinas.sp.gov.br/vigilancia/informes/2016/Informe_Epidemiologico_Arboviroses_29_setembro_2016.pdf
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://www.paho.org/hq/index.php?option=com_docman&task=doc_details&gid=33664&Itemid=270&lang=en
http://www.paho.org/hq/index.php?option=com_docman&task=doc_details&gid=33664&Itemid=270&lang=en
http://www.paho.org/hq/index.php?option=com_docman&task=doc_details&gid=33664&Itemid=270&lang=en
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170
http://refhub.elsevier.com/S2531-1379(18)30067-1/sbref0170

	Risk of Zika virus transmission by blood donations in Brazil
	Introduction
	Objectives
	Methods
	Blood donors
	RNA extraction and real-time reverse transcription polymerase chain reaction
	Sequencing and phylogenetic analysis of the Zika virus detected in positive samples

	Results
	Characteristics of the blood donors
	Real-time reverse transcription polymerase chain reaction results
	Phylogenetic analysis of positive samples

	Discussion
	Conclusion
	Conflicts of interest
	References


