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Introduction - Zika virus (ZIKV) is a 40 nm single-stranded RNA flavivirus, with two major lineages: 
African and Asian. It has an icosahedral nucleocapsid, with 11 kb genome, closely related to DENV, JEV 
and WNV. The ORF encodes 3 structural components: capsid [C], premembrane [prM] or membrane [M], 
and envelope [E]. In addition, there are seven non-structural proteins (NS1, NS2a, NS2b, NS3, NS4a, 
NS4b, and NS5). The viremia persists from -2 to +13 days after symptoms onset (≈ 8.1 x 106 copies/mL). 
The current American Zika epidemic relies mainly on a single founder lineage (Am-ZIKV - Faria et al. 
Nature doi:10.1038/nature22401), derived from Asian genotype from southeast Asia and the Pacific 
(PreAm-ZIKV) 

The virus can be transmitted by mosquito bites (Aedes aegypti,A. albopictus, A. polynesiensis, A. dalzieli), 
intrauterine and perinatally (causing microcephaly, miscarriages and stillbirths), by sexual intercourse 
(where viral persistence in semen may last up to 6 months), mostly from males to females (though the 
opposite has been described). In addition, it has a potential role of transmission by transfusion, tissue and 
organ transplants. The virus has also been found, but no transmission proven yet by breast milk, saliva 
and urine. 

The incubation is usually from 3 to 12 days, with symptoms lasting from 5 - 7 days. Most cases are totally 
asymptomatic (80%). However, symptoms are variable, including mild fever, arthralgia (small joints of 
hands and feet), myalgia, headache, asthenia, abdominal pain, edema, lymphadenopathy, retro-orbital 
pain, conjunctivitis and descending cutaneous maculopapular pruritic rash.  Some cases are also 
associated with Guillain-Barré syndrome and autoimmune conditions. 

In pregnant women, it has been associated with microcephaly (congenital Zika syndrome -CZS), whose 
incidence in symptomatic mothers at the first 1st trimester ranges from 1-13%. The incidence of CZG in 
asymptomatic mothers or with mild symptoms in all trimesters is as yet unknown. 

Geographical distribution - The first description of ZIKV was in 1947. The current ZIKV epidemic had 
possibly its origin in the Yap Island (Federate States of Micronesia) in 2007 (WHO - 
http://apps.who.int/iris/bitstream/10665/254714/1/zikasitrep10Mar17-eng.pdf?ua=1), spreading later to the 
several Pacific countries: French Polynesia (2013), New Caledonia, Cook Islands and Easter Island 
(2014), reaching then Brazil by 2014-2015, where it spread to Colombia, Suriname, Caribbean Islands and 
USA (2016). According to WHO (http://apps.who.int/iris/bitstream/10665/258596/1/zika-classification-
20Jul17-eng.pdf?ua=1), there are now 84 countries and territories have reported evidence of mosquito-
borne Zika virus transmission since 2007 (61 since 2015). On the other hand, there are no countries, 
territories and subnational areas reporting vector-borne Zika virus (ZIKV) infections for the first time since 1 
February 2017.  The countries and territories reporting microcephaly and other central nervous system 
malformations potentially associated with ZIKV infection for the first time since 1 February are Mexico and 
Saint Martin, whereas Curacao, Trinidad and Tobago reported Guillain-Barré syndrome cases associated 
with ZIKV infection for the first time since 1 February. 

WHO also defines 4 different country categories in its last Zika update: 

• Category 1: Area with new introduction or re-introduction with ongoing transmission from 2015 
onwards (N=54) 

 
• Category 2: Area either with evidence of virus circulation before 2015 or area with ongoing 

transmission that is no longer in the new or re-introduction phase, but where there is no evidence 
of interruption (N=21) 

 
• Category 3: Area with interrupted transmission and with potential for future transmission (N = 10) 

 
• Category 4: Area with established competent vector but no known documented past or current 

transmission (N=63) 



The mosquito (Aedes aegypti) in Brazil - It is extremely well adapted to Brazilian urban areas, active 
from dawn to dusk (peaks: early morning and early afternoon), feeds more often and almost exclusively on 
humans (extremely efficient transmitter), is capable of 100-250 bites/person/day. Until very recently, it 
developed only in crystalline, clean waters; however, nowadays it is also quite adapted to lay their eggs in 
tiny and dirty ponds. It became resistant to several insecticides, having been declared as extremely 
versatile by public health agencies. Moreover, it benefits from big and chaotic cities, presenting a high 
evolutive adaptation mechanism, with rapid copulation time, rapid sperm transfer, and dry eggs may resist 
up to 1 year in natural habitats 

Introduction of ZIKV in Brazil – The possible introduction of ZIKV in Brazil was in late 2013 or early 2014 
(superimposed by El Niño 2015-16). In February, 15 (2015), an unknown exhantematous disease was 
reported in the Northeast part of the country, followed by an epidemiological alert (April 13). The first Zika 
fever was confirmed in 8 cases (April 29). On May 14, the Brazilian MOH recognizes ZIKV circulation in 
Brazil, and on June 11, a press release informs the public about this new epidemic. On Feb 1st, 2016, 
WHO announces a Public Health Emergency of International Concern. Although the major epidemic 
stroked the country in 2016, there are strong evidences that it is now vanishing in 2017. Until June 25 
(2017), there were 2,306 municipalities affected, with 13,353 probable cases (as opposed to 205,578 
probable cases in 2016, with 130,701 confirmed cases - 60.7%). There are a total of 1,887 pregnant 
women reported in 2017 (with 563 confirmed cases). Since 2015, Brazil had a total of 13,385 pregnant 
women reported (Brazilian MOH - http://www.combateaedes.saude.gov.br/images/pdf/2017-
Dengue_Zika_Chikungunya-SE25.pdf). The comparison for Zika, Chikungunya and Dengue in 2016 and 
2017 are shown in Table 1. 

 

Table 1- Current cases reported in Brazil of Zika, Chikungunya and Dengue in 2016 and 2017 

 ZKV CHKV DENV 

2016 2017 
(Jun 25th) 

2016 2017 
(Jun 25th) 

2016 2017 
(Jun 25th) 

 

Probable 
cases 

 

205,578 

 

13,353 

 

230,410 

 

131,749 

 

1,409,907 

 

192,123 

Incidence 
(/100,000 pop) 

99.8 6.5 111.8 63.9 684,2 93.2 

Deaths 8 0 196 51 658 57 

 

Brazilian MOH - http://www.combateaedes.saude.gov.br/images/pdf/2017-Dengue_Zika_Chikungunya-
SE25.pdf 

 

In Brazil, ZIKV had a general pattern of southward spread (where the major population lives), with an 
average speed of 42 km/day or 15,367 km/year (data from 2015-2016), probably caused by movement of 
viremic persons (Zinszer et al. EID. 2017; 23, DOI: http://dx.doi.org/10.3201/eid2301.161274). Estimates 
are that it took 5–6 months for Zika to spread from the northeastern to the southeastern and western 
Brazilian border  

Microcephaly, the tip of the iceberg of CZS - The main findings in CZS are (Strafela P et al. Arch Pathol 
Lab Med. 2017;141:73–81; doi: 10.5858/arpa.2016-0341-SA): cerebral atrophy, ventriculomegaly, cerebral 
calcifications, cerebellar hypoplasia, hearing loss, uveitis, retinopathies, cataracts, arthrogryposis (multiple 
congenital contractures, affecting at least two areas of the body; in-utero contractures). The Rio study 
(Brasil et al. – NEJM. 2016;375:2321-2334), with 345 women from any gestational week, who presented 
fever and rash (from Sep 15- May 16), demonstrated a total of 53% ZIKV+ (N=182), with 107/121 (88.4%) 



anti-DENV (IgG)+, followed by fetal ultrasound  at  <20 wk; 20-30 wk, >30 wk (with no initial fetal 
malformation). Data reported from 134 ZIKV+ (73 ZIKV–, as controls) showed fetal death in 7% (N=9); a 
total of 117 live infants were born with gross abnormal clinical or brain images (42%; N=49), being 4 with 
microcephaly (mother’s infection: 8, 12, 30 and 38th wk). The overall adverse outcome was 46% (N=58) of 
offsprings from ZIKV+ mothers, showing hypertonicity, clonus, hyperreflexia, abnormal movements, 
spasticity, contractures and seizures, redundant scalp skin, abnormal fundoscopic and hearing 
assessments, disphagia and feeding difficulties. The affected rate for the first, second and third trimester 
was, respectively 55 %, 52 % and 29 %  

Animal models – A recent model using pregnant pigtail macaque (Macaca nemestrina) has been 
described (Waldorf et al. Nat Med; 2016: published online 12 September 2016; doi:10.1038/nm.4193). 
This animal has a gestation period of 183 days. A total of 10 7 pfu s.c (Cambodian strain) was inoculated at 
day +119 days (5 sites), considered as a high dose, similar to mosquito inoculation. Seroconversion was 
observed after 14 days. A cesarean section was made on day +162 (≅ 38 wks humans). Weekly 
ultrasound displayed a lag in growth of fetal biparietal diameter, whereas the femur growth was normal. 
Initially, there were normal cerebral hemispheres, ventricles and posterior fossa, evolving to linear 
echogenic area in lateral ventricle (visual field loss predicted). Nuclear magnetic resonance (NMR) 
developed alterations 10 days following inoculation (injury began shortly). In summary, similar lesions with 
humans were observed in this study 

Arboviruses, including Zika and transfusions – Arboviroses are, predominantly, acute infections, with a 
rapid spread in new geographic areas (mosquitoes). Affected donors have transient viremia, usually with 
short incubation period (<14 days), and antibodies usually appear after viremic period (usually detected 
early by NAT tests). Unlike dengue (DENV), which has the capacity to promote multiple infections, ZIKV 
has only one serotype (conferring a lifelong immunity). In addition, it is likely that DENV antibodies do not 
protect from ZIKV. So, one has to question whether the disease is endemic or epidemic, given that the 
preventive measures should be quite different, as far as the safety of blood supply is concerned. In 
addition, epidemiological studies with other arboviruses (CHKV) showed that initially, naïve population, 
gradually changed to be immune, with a 40-50 years ocean-crossing cycles: 1770, 1823, 1871, 1902, 
1923, 1963-64, 2005-2015 (Halstead - EID, 2015; 21: 557-561). It is possible that the same will happen to 
ZIKV, as perceived by the dramatic reduction of cases in affected countries one or two years after the 
initial cases (Pacific countries, Brazil, and even Florida, more recently).  Certainly, an urgent response is 
always needed in new affected areas, particularly towards the mosquito control. 
On the other hand, one cannot neglect the potential hazard to the blood supply. Thus, donor 
questionnaire, temporary suspension of blood collection in restricted areas and, sometimes screening has 
been implemented in certain countries. The policy will depend on local epidemiological. In addition, it is the 
author opinion that it is now the time to consider pathogen reduction as the main policy to be pursued in 
the near future for prevention of all newly emergent arboviruses that might threat the blood supply. 

So far, there are 4 possible cases in Brazil in the cities of Campinas (Barjas Castro et al. Transfusion 
2016; 56:1684-1688)) and Rio (Motta et al.NEJM , Aug 2016 DOI:10:1056), where all recipients were 
asymptomatic. Thus, one has to differentiate risk of viral transmission as opposed to risk of disease 
transmission, which is clearly, a distinct situation. 

Persistent viremia has been demonstrated from -2 to +13 days after onset of symptoms in patients, with ≈ 
8.1 x 106 copies/mL in symptomatic patients, and ≈ 7.2 x 105 copies/mL in asymptomatic donors. It is 
known that 80% of infected people are asymptomatic. RNA NAT + donors by different tests have been 
described in the (French Polynesia, Porto Rico, USA, Antilles, Guadaloupe and Martinica. The sequelae in 
transfusion recipients are still unknown (Lanteri et al. – Transfusion 2016;56:1907-14). Given that the virus 
persists in semen up to 6 months, this is the only condition that clearly demands absolute screening in the 
case of sperm donations. The risk of transfusing a blood to pregnant women from donor infected via 
sexual transmission in mainland France has been calculated as 1/90 to 1/2100 years (Pillonel et al. Santé 
Publique, 2016) 

The ZIKV is easily inactivated by solvent/detergent, heat, nanofiltration, and pathogen reduction PR 
compounds (amotosalen and vitamin B2) 

 
Table 2 shows the main differences between HIV, HBV, HCV and ZIKV  
 



 
HIV HBV HCV ZIKV 

 
Chronic carrier 
 

 
Yes 

 
Some 

 
Yes 

 
No  

Blood Infectivity 
 

>90% >90% >90% Unknown 

Asymptomatic 
donor 
 

Yes Yes Yes Yes 

Progression to 
disease after 
transfusion 
 

Yes Yes Yes Unknown 

Established 
screening tests 
 

Yes Yes Yes Under IND or 
pending license 

Pathogen reduced Yes Yes Yes Yes (> 6 log) 
 

 
 
Is ID-NAT blood donor testing the solution? -  Despite the recent FDA guideline in 2016, donor testing 
for ZIKV is questionable by several countries. Although WHO has produced its first international standard 
(Baylis et al. Transfusion 2017;57:748-761), also known as cIS 11468/16, isolated from a French 
Polynesian patient (2013) from strain PF13/251013-18, with 50,000,000 IU/mL, a blinded panel evaluation 
(Stone et al. Transfusion 2017;00;00–00. doi:10.1111/trf.14031) from two isolates (French Polynesia and 
Brazil), containing  25 samples with 104 to 10-1 copies/mL and 3 negative controls, tested by 11 labs with 
17 assays demonstrated a striking difference between in-house (15 assays) and commercial testing; in 
summary, commercial platforms are 10-100 fold more sensitive than in-house tests (table 3). On the other 
hand, commercial tests were developed to new devices (Cobas 6800/8800 and Panther system) that are 
both under the IND and not available in several countries. So, the dilemma of testing still relies on several 
practical points: how long will screening be necessary? Which test shall be used since commercial ID-NAT 
platforms are the most sensitive so far, but not available on a global scale? What is the real infective 
capacity of ZIKV and the threat to the blood supply? Is it possible to transmit disease to recipients? Is it 
ethical to divert public resources from preventing mosquito transmission (the real threat) to safeguard 
unknown transfusional risks? Is whole blood more infectious than plasma? Concerning the latter situation, 
there is still a debate whether we should test plasma or whole blood. A recent French study (Mansuy et al. 
EID 2017 DOI: 10.3201/eid2305.161631) demonstrated that current plasma NAT testing methods are less 
sensitive than whole blood (WB), showing that the virus detection persists up to 14-63 days more in whole 
blood than plasma, with a higher mean viral load (3.30 x 2.59 log copies/mL), respectively. In summary, 
the situation of donor screening for ZIKV is quite controversial and deserves a deep consideration from 
different affected communities.  

Table 3 – Blinded panel (n=25 samples, 11 labs) results between commercial and in-house ZIKV ID-NAT 
tests 
 
 
 

Sample 

Brazil French Polynesia 

Commercial In-house Commercial In-house 

LOD95 13.7 (4.7-26.8) 107 - 6343 17.9 (5.6-38.1) 135 - 4918 

LOD50 2.5 (1.4-4.6) 20 - 523 2.5 (1.3-4.9) 25 - 321 

 
Stone et al. Transfusion 2017;00;00–00. doi:10.1111/trf.14031 
 
Unsolved puzzles for TTI ZIKV – So far, there are still several unanswered points concerning the real 
role of ZIKV and the safety of blood supply. They can be summarized as: definition of active areas (varies 



with time and geographic regions); how long will epidemic persists, once there is lifetime immunity?; what 
is the minimal infectious dose in acute and resolving stages?; what is the meaning of the longer 
persistence of ZIKV-RNA persistence in whole blood, as opposed to serum (1-2 months x 1-2 weeks)?, 
which blood policy to implement, once an area is at risk?; testing (NAT, NGS, multiplex) is already 
recommended by FDA (Aug 2016), but why not push for pathogen reduction (PR)? Perhaps it is time to 
reconsider that addition of new tests might postpone introduction of a more universal solution like PR, 
since so far, all available methods had their proven efficacy. New Zika tests lasted only 2-6 months for 
development, but Canada already proved the absence of cost-effectiveness.  Universal PR has more than 
10 years of development and we are still waiting for its full and affordable implementation. 
Other ethical problems are also important, like allocation of budget in countries where microcephaly is 
already a major problem (demanding chronic support for thousands of parents and babies). So, assessing 
priority is of paramount importance; it is expected that 93 million people (1.6 million pregnant infected 
women in the next 3 years only in the American continent). Universal testing in Brazil could cost at least 
US$ 80 million; in the US, a recent CDC study estimated that it will cost at least US$ 130 million. Also, 
other EIDs are likely to rise shortly (possibly, arboviruses), and recent models suggest that ZIKV epidemics 
will last only 3 years (Ferguson NM, et al. Science. 2016; 353:353–354.) So, we cannot neglect 
mosquitoes whilst paying attention to transfusions! 

In summary, one has to quote the words from Lanteri et al (Transfusion 2016;56:1907-14); “Despite the 
lack of unequivocal evidence of ZIKV Transfusion transmission (although likely) or the lack of data as to 
whether ZIKV transfusion transmission would result in serious ZIKV disease, a preemptive approach to 
safeguarding the safety of the blood supply including donor deferral, blood importation, pathogen 
inactivation, and/or NAT seems justified”. However, we should not disregard the role of other infectious 
agents and policies, because of an ongoing new explosive epidemic is underway, particularly in 
developing countries. To be alert, but with caution, wisdom and knowledge is of paramount importance. 


