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Uncertainty in times of medical emergency: knowledg gaps and

structural ignorance during the Brazilian Zika crisis

Abstract

Uncertainty was a defining feature of the Brazilka crisis of 2015-2016. The cluster
of cases of neonatal microcephaly detected indb@tcy’s northeast in the second half
of 2015, and the possibility that a new virus traitted byAedesmosquitoes was
responsible for this new syndrome, created a deegesof shock and confusion in Brazil
and around the world. When in February 2016 the Wid€lared a Public Health
Emergency of International Concern (PHEIC), it wiotteat it did so on the basis of what
wasnot known about the virus and its pathogenic potenfialbetter understand the role
that non-knowledge played in the unfolding of tha®lian Zika crisis we differentiate
between three different kinds of uncertainty: gldiealth uncertainty, public health
uncertainty, and clinical uncertainty. While theélseee forms of uncertainty were difficult
to disentangle in the early weeks of the crisisy @®on each one began to trace a distinct
trajectory. Global health uncertainty centeredtmduestion of the causative link
between Zika virus infection and congenital malfations, and was officially declared
resolved by the time the PHEIC was lifted in NovemP016. Public health and clinical
uncertainty, in contrast, persisted over a longeigol of time and did in some important
ways become entrenched. This taxonomy of uncemrtaiatlows us to explore the
systematicnonproductiorof knowledge in times of medical emergency, arghests
structural limitations in the framework of “emerggresearch” that global health

institutions have developed to deal with unexpetheeats.
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1. Introduction

For the better part of a century, the Zika virub{2) remained at the margins of public
health attention. First isolated in sentinel rhamaskeys in Uganda in 1947 and soon
identified as a flavivirus transmitted Byedesmosquitoes, ZIKV was infrequently
detected in human populations, and never in sigamti numbers or associated with
distinct clinical symptoms. The emergence of thrawin the Micronesian island of Yap
in 2007 attracted the attention of the US Center®isease Control and Prevention, but
as the infection appeared to cause only mild dimeanifestations, the virus was deemed
a relatively innocuous pathogen with minor pubkahh implications (Hayes 2009;
Duffy et al 2009). A subsequent outbreak in FreRolynesia in 2013-2014
demonstrated ZIKV’s striking epidemic potentialer@ssurveys suggested that nearly
50% of the population had been infected — and wasaated with a cluster of cases of
Guillain-Barré syndrome (Oehler et al 2014). Evickenollected during this outbreak
also indicated that the virus might be transmittedually (Musso et al 2015).

It was, however, the confirmation in May 2015 dédeye outbreak in the northeast
region of Brazil that placed national and interoadl health organisations on alert. When
in August 2015 reports began to emerge of an uhetuser of microcephaly and other
neurological disorders among newborns in areasewher virus had been circulating, the

alert turned into a full-born public health crigdews of a “microcephaly epidemic” and
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photographs of infants with unusually small heddsded Brazilian and international
media (Lowe et al. 2018), and on 11 November tleziBan Ministry of Health declared
a Public Health Emergency of National ImportarEsmérgéncia de Saude Publica de
Importancia Nacionglor ESPIN). Reports of the rapid spread of ZIKYoithe
Caribbean region and Central America appearedraicha new global health disaster, on
the heels of the still raging West African Ebolademic.

Zika’s rapid transition from object of minor scidittinterest to catalyst of an
international public health crisis was partly spdrby the emotional salience of the
images attesting to its teratogenic power. Climsiand health authorities repeatedly
expressed shock at the severity of ZIKV’s impactaetal development (Carneiro and
Fleischer 2018). This shock was compounded byaitie df hard evidence on virtually
any aspect of the virus and its physiopathologeoééntial, and by the absence of
diagnostic tools and protocols capable of charexttegythe extent and severity of the
epidemic (Castro 2016).

In this paper we look deeper at the role that uag#ly and ignorance played in
the unfolding of the 2015-2016 Zika crisis in Biahiitial reports of a microcephaly
outbreak in Brazil’'s northeast were met with a wjglead sense of bewilderment and
confusion. Claudio Maierovitch Henrigues, who watha time in charge of the agency
responsible for infectious disease surveillandd@Brazilian Ministry of Health,
summarizes the situation towards the end of 20X6llsvs: “There were no figures, but
a large number of clinical reports, anxious loal@,bts, disorientation. Images that
impregnate memory: children, photos, tomographydtrdsound exams” (Henriques,

2017). This sense of anxiety and disorientation @dmed by international
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organizations. When in February 2016 the WHO issuPdblic Health Emergency of
International Concern (PHEIC), its Emergency Corteritmade clear that the decision
“was not made on the basis of what is currentlywkmabout Zika virus infection,” which
was very little, but rather “on the basis of whsatdt known about the clusters of
microcephaly, Guillain-Barré syndrome, and possdiher neurological defects”
(Heymann et al 2016). Months after the alarm wss faised, the situation was still
dominated by a pervasive sense of uncertainty abeutrigins, scope and implications
of the crisis.

Yet as the sociology and the anthropology of ignoearemind us, ignorance and
uncertainty never describe a generic absence ofledge, but always refer to highly
specific forms otuinknowing(Gross and McGoey 2015; Kerwin 1993; Mair et @20
Will 2019). Ignorance and uncertainty, that is&g,-do not describe “a simple
background failure to acquire, store and retrievevdledge” (Rayner 2012, 108), but
should be seen as the result of purposive coufsagion, an effect of social
arrangements of power. Each form of unknowing ssdmically specific, as it emerges
out of a particular institutional configuration,cais sustained over time through active
choices (Proctor 2008; McGoey 2012). Understanting certain events, phenomena or
domains become more or less knowable requireswbatttend to the production of what
Michelle Murphy calls “regimes of imperceptibilitythe epistemic and political
conditions under which some realities are “imbuéith wncertainty” while others appear
clear and distinct (Murphy 2006: 7).

To explore this idea further in the particular @xttof medical emergencies we

propose to differentiate between three differemieti@s of non-knowledge during
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Brazil's Zika crisis:global healthuncertaintypublic healthuncertainty, andlinical
uncertainty. Each form of uncertainty registerexpeacific set of unknowns, invoked a
different level of intervention, and proved mordess amenable to scientific elucidation
(Kelly and Lezaun 2013). Global health uncertainis defined, most notably by the
WHO, around the question of whether a causativedould be convincingly established
between congenital ZIKV infection and microceph&yblic health uncertainty and
clinical uncertainty, in contrast, were definedspectively, by the difficulty in drawing a
clear picture of epidemiological risk distributicand by the struggle to offer a stable and
equitable standard of supportive care for thoset mifbscted by the outbreak.

While the three forms of uncertainty overlapped aede largely
indistinguishable in the early phases of the emmargeas the crisis unfolded they quickly
diverged and began to trace distinct trajectofssebal health uncertainty was construed
as a “gap” in the existing body of scientific kn@abe about Zika, and this gap was filled
effectively by a rapid mobilization of investigatial resources. When in November 2016
the WHO lifted the PHEIC, it justified its decisiom the basis that the core uncertainty
at the heart of the international emergency, trestijon of causality, had been
successfully resolved.

In contrast, public health uncertainty and clinigatertainty proved more
intractable; they persisted over a longer periotinoé and continued to impede an
effective response long after the PHEIC came terah This is because they reflected
deficits in technical capacities of detection, silfance, and care that are not easily or
quickly tackled through “emergency research,” epist shortfalls that cannot be readily

categorized as “knowledge gaps.” Disentangling@ratacterizing these three different
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forms of uncertainty during the Zika crisis in Bitahus allows us to explore “the
systematic nonproduction of knowledge” during matemergencies (Frickel et al
2010). That is, how certain areas of ignorancesaceessfully addressed, while others
remain relatively neglected despite a heighteneel lef global attention and concern
(Nunes 2016).

The analysis that follows draws on more than tydine interviews with
scientists directly involved in the epidemic, anithvofficials from the Brazilian Ministry
of Health and other federal institutions, suchres@swaldo Cruz Foundation (Fiocruz)
and the Evandro Chagas Institute, as well as dismos with policy-makers at the WHO.
We also analyzed documents (ordinances, protogoides and epidemiological
bulletins) issued by the Brazilian Ministry of HéatHuring the 2014-2017 period. We
have complemented this material with a close repdfrthe scientific literature on Zika
published since 2015, particularly publicationshaned by researchers affiliated with
Brazilian institutions.

We start by elaborating the three forms of uncetyan turn, before discussing
how their trajectories diverged as the crisis wédl We conclude by reflecting on the
(in)ability of “emergency research” to redress stusal forms of ignorance — that is,
systemic deficits of knowledge and knowledge préidacthat precede the crisis itself

and are rooted in the limitations and unequal ithigtion of institutional capacities.

2 Global Health Uncertainty
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On 1 February 2016, the WHO declared a Public Hdathergency of International
Concern (PHEIC) in response to the cases of miptwdg and other neonatal
malformations detected in areas of Brazil and nsgining countries that had
experienced ZIKV outbreaks. This was the fourthetitme WHO had declared a PHEIC
since its power to do so was established by tregriational Health Regulations of 2005.
According to these regulations, a PHEIC designatgstuation that 1) carries
implications for public health beyond the affecttdte’s national border, and 2) is
serious, unusual or unexpected. The Zika crisieapgu to bear out both criteria. As
WHO Director-General Margaret Chan noted, “thestdus of microcephaly and other
neurological complications constitute an extracadyrevent and a public health threat to
other parts of the world” (WHO 2016a).

The extraordinary nature of the event was made ey evident by the
images of newborns with abnormally small heads ¢hatilated in international media
towards the end of 2015 and the start of 2016. fEsisspreading imagery was an
essential element in making the Zika crisis a “glblemergency, and points to the
central role that media and communication techrietoglay in defining the contours of
an international health crisis, long before itsmeand nature can be established by
experts (Ribeiro et al 2018). As for the potentifalhe virus and its associated syndrome
to spread beyond national borders, evidence haal tneenting of ZIKV circulation
across South America and the Caribbean. Casespofied infection were reported from
all around the world, and evidence of sexual trassion was now available from a
number of different countries. ZIKV’s potentialrfimternational spread echoed the

epidemiological pace and scope of the Ebola epideran outbreak that had been
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classed as a PHEIC by the WHO in August 2014 ahldeshained at the center of global
health concern. Reeling from widespread condemnatidts sluggish response to the
Ebola emergency, the WHO sought to act as firmlgassible to tackle a crisis of
obvious international scope. Brazil's planned hagtf the 2016 Summer Olympic
Games added a further dimension of urgency toapiglly evolving crisis.

The declaration of a PHEIC in response to the Ziksis was unusual, however,
because at the time it was still unclear what gbelinical risk ZIKV infection posed to
the general public. The WHO’s Emergency Commité€)(noted that its
recommendation to declare an emergency was mativgt¢he radical uncertainty that
characterized ZIKV and its potential pathogenieet. “Our advice to declare a
PHEIC,” the EC members wrote, “was not made orbtees of what is currently known
about Zika virus infection” (Heymann et al. 2018he recommendation, they continued
“was rather made on the basis of whatasknown about the clusters of microcephaly,
Guillain-Barré syndrome, and possibly other neugal defects” ipbid; emphasis
added). The EC drew here an explicit contrast wéhEbola emergency: “The Director-
General declared the Ebola outbreak a PHEIC beadusgkat science knew about the
Ebola virus from many years of research during iaaks in the past, whereas she
declared the current PHEIG2cause of what is not knowhout the current increase in
reported clusters of microcephaly and other diss;dind how this might relate to
concurrent Zika outbreaksltjd; emphasis added).

In highlighting the unknowns surrounding the Zilademic, the WHO ascribed
an explicitlyinstrumentalrole to the PHEIC. The declaration was seen asansof

accelerating the production of the evidence necgssdully characterize the nature of
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the threat. In its recommendation, the EC alluget#ically to the need to increase and
standardise the reporting of microcephaly casdsgmse the capacity to detect infection,
and intensify efforts against the mosquito vedBurt resolving the uncertainty at the
heart of the crisis, the EC emphasized, required@lall a full clarification of “the
aetiology of confirmed clusters of microcephaly aredirological disorders to determine
whether there is a causative link to Zika virutieotfactors, and cofactors” (Ibid.). In the
words of David Heymann, Chairman of the EC, “th@es an urgent need to know
whether there was an epidemiological link betwéennteurological disorders and the
rapidly spreading Zika epidemic” (Heymann, quoted/iaurice 2016).

Considering that three months earlier, in Noven#@4r5, the Brazilian
government had officially confirmed that link (seext section), this implied that the
evidence gathered up to that point did not meet V¢H@n “global” standard of
certainty. In the press conference in which sheanoed the declaration of the PHEIC,
Margaret Chan noted that a causal link was “strpegbpected” but was “not yet
scientifically proven” (WHO 2016a). A key objectio¢ the emergency declaration, she
pointed out, was precisely to activate “internatioroordinated efforts to investigate and
understand this relationship better” (Ibid.). Ineatitorial, the journaNatureechoed the
argument, noting that “the most urgent prioritytba ground is research to answer basic,
but crucial, questions, including whether the baéifects are caused by the virus, and if
so, how frequently” (Nature 2016).

Several research reports circulated or publishdeebruary and early March 2016
provided important insights into the question aisality. Data from a case-control study

coordinated by the epidemiologists Celina Turchrtelé that compared 200 children
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born with microcephaly and 400 born without thedsyme in the state of Pernambuco
appeared to rule out alternative explanationsHfemhalformation (Souza et al 2016).
Preliminary results from a study of pregnant worimeRio de Janeiro reported foetal
abnormalities in a high percentage (29%) of ZIK\&ijtige women (Brasil, P. et al
2016a). A third report from a laboratory study skedwhat the virus was able to target
and destroy the foetal cells that form the brag@dex (Tang, H. et al 2016). Reacting to
the first of these studies, Anthony Fauci, Direabthe U.S. National Institute of Allergy
and Infectious Disease, noted in early March thgtlengering uncertainty about the
existence of a causative link between ZIKV infestand microcephaly had virtually
disappeared. “Now there’s almost no doubt that Zkhe cause” (quoted in McNeil and
Saint Louis 2016).

At a press conference following the second meadfripe WHO’s Emergency
Committee, on 8 March 2016, Chan similarly notdee“increasing strength of the
evidence showing a likely association between #kaction and foetal malformations
and neurological disorders.” She also remarked gvew that the experts on the
Committee had “pinpointed the types of studies rddd establish a causal
relationship,” implying that conclusive evidencetloé nature of the association was still
lacking. Chan ended the press conference by engahgs$hat “strong public health
actions should not wait for definitive scientificopf” (WHO, 2016b).

In a later exchange with a journalist during thenegresser, David Heymann
provided a more extended answer to the questiorheh the WHO would consider it

had “definitive proof that Zika causes these protdé

10
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Regarding the second question which was on de#nitroof, we asked all the
different advisers, the seven different advisedayo what they would consider as
definitive proof. And they couldn’t really give aspecific criteria which is what we
were looking for, but what they did say was tharéhneeded to be consistency in
different studies over time and that there’s onfgwa studies now but that other
studies must be done which are repeated, whicbargstent with what's going on
now in the case-control area and in other areath&avas one of the answers we got

(WHO 2016¢).

This exchange suggests that at this point the HQeld a variety of views on what
would constitute definitive proof of a causativekli The gold standard was case-control
prospective investigations of pregnant women, bat €vidence would be slow in
coming. In the meantime, the EC came to rely otesyatic reviews of multiple forms of
evidence, including a reanalysis of data gathetethd the outbreak in French Polynesia
(Cauchemez et al 2016). The first systematic revised the Bradford Hill criteria — a
synthesis of nine considerations allowing a readgunggment “that the most likely
explanation is causation” (Hill, 1965) — and caméhe conclusion that more information
was needed before a final determination of caysaditild be made (Franck et al. 2016).
A second review, drawing primarily on Shephardigecia for establishing proof of
teratogenic effects, reached a different conclysaod asserted “that a causal relationship
exists between prenatal Zika virus infection androdgephaly and other serious brain

anomalies” (Rasmussen et al. 2016). This secondwenas published in thidew

11
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England Journal of Medicinen 16 April 2016, and that same day the CDC ancedit
had concluded that ZIKV was the cause of microchpéiad associated brain defects.

On 18 November 2016, the EC met for the fifth tiamel recommended lifting the
PHEIC. The emergency declaration, the Committeeddtad “led the world to an
urgent and coordinated response,” and this respguas®een successful in “providing
the understanding that Zika virus infection ancasged consequences represent a
highly significant long-term problem” (WHO 2016&jince the key unknown at the heart
of the PHEIC had been resolved, it was no longeesgary to define the crisis as an
emergency of international concern. “Because rebdass now demonstrated the link
between Zika virus infection and microcephaly, Bt felt that a robust longer-term
technical mechanism was now required to managgltil response.” It was now
necessary to create the conditions for “sustaiaedarch” to address the “many aspects
of this disease and associated consequencesdtilagmain to be understoodibfd).

A patrticularly salient aspect still to be understazas the sudden and surprising
decrease in the number of symptomatic ZIKV infatsian areas of known transmission,
and the relatively low numbers of children bornhnsevere neurological abnormalities in
the later months of 2016. The most pessimisticguta)ns made at the height of the crisis
had failed to materialize. The caseload of congédika syndrome in central Brazil was
much lower than that in the northeast, despitesttang presence of the virus in the area.
While there appeared to be a moderate “second waVv&lKV infections in Brazil in the
spring of 2016, it did not seem to have led tcsa m the number of cases of
microcephaly. In light of these developments, tluster of cases that had triggered the

PHEIC appeared to be an exception, rather tharuteeThis did not imply greater

12
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certainty about ZIKV or its epidemiological andnitial implications, but the opposite:
the reasons for the “near disappearance” of Zikrazil remain mysterious and
unexplained to this day. The reduction in the nundf@eported clinical cases did not
appear to be related to any particular public heatervention, and seemed too sudden
to correspond to the normal patterns of immunityuésition (Siedner et al 2018).
Knowledge of the kinetics of immune response, &edoossible effect of immunity
against other flaviviruses, remained scant. Imtieantime, , the virus continued to
spread around the world, with more than eighty teesreporting autochthonous
transmission in 2016-2017.

Uncertainty, in sum, was crucial in categorizing #ika crisis as an international

emergency. This was a particular form of unknowhngyever, understood by key

global health institutions, most notably the WH® tlae confusion created by the absence

of a scientific consensus on the nature of theaason between ZIKV infection and
microcephaly. This lack of consensus was interpratea “gap” in the existing base of
scientific knowledge about the virus, an evidentideficit that a rapid mobilization of
investigational resources ought to be able to addreshort order. Global health
uncertainty was in this sense an example of whaeRd. Merton called “specified
ignorance,” or “the express recognition of whatas yet known but needs to be known
in order to lay the foundation for still more kn@dbe” (Merton 1987: 1). Such express
recognition implies both a clear characterizatibthe unknown in question, and the
expectation that further knowledge will follow onités addressed. Margaret Chan
captured this particular epistemology of health gymecies when she noted, in a

commentary marking the first anniversary of the ZIRHEIC, that she agreed to lift the

13
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PHEIC in November 2016 becasue “research had axtiesany of the questions that
made the disease so ‘extraordinary’ nine monthigeedrShe conceded that “some

uncertainties remain, but many fundamental questi@mve been answered” (Chan 2017).

3 Public health uncertainty

As we have noted, the Brazilian Ministry of Healdclared a Public Health Emergency
of National Importance on 11 November 2015 in respdo the “alteration in the
epidemiological distribution of microcephaly in Rambuco” (Ministério da Saude
2015a). That same day, Brazilian scientists anneditite detection of ZIKV RNA in the
amniotic fluid of two women from the state of Paeivho were carrying foetuses that
showed severe abnormalities in brain ultrasoundig€i®a Melo et al 2016). For many
Brazilian clinicians, these laboratory findings ioned something they already thought
they knew or strongly suspected. Highly unusual dimdcally unmistakable, the
multiple cases of microcephaly detected in thedaR015 were in their opinion
testimony of a new syndrome. Comments such asvémsaw anything like this,” it was

” o

“like a tsunami,” “[the babies] all looked the satfmmade by several of our interviewees
who were at the epicenter of the outbreak refleetgersuasive power of the symptoms
for local clinicians and epidemiologists. Many bése clinicians and epidemiologists
were, moreover, in direct contact via e-mail anda¥8App groups, and had coalesced
around the view that they were witnessing an dgtivew syndrome, likely caused by a

novel arboviral agent, weeks before the nationalipinealth emergency was declared

(Brito 2017).

14
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Days after the declaration of the ESPIN, reseascaethe Evandro Chagas
Institute in Belém, in the state of Para, identfEKV RNA in the blood, brain, and
viscera of a newborn with severe microcephaly wad tied minutes after being born.
According to the Director of the Institute, thiading “unequivocally and irrefutably
demonstrated” that the Zika virus was responsitietfe malformations (Vasconcelos,
2017). On 28 November, the Brazilian Ministry ofdtta officially confirmed the link
between microcephaly and congenital ZIKV infectaord declared the outbreak “a
unique situation in global scientific research” (l4itério da Saude 2015b). Three days
later, on 1 December, the Pan American Health Gsgdon (PAHO) issued an
epidemiological alert (“Neurological syndrome, cengal malformations, and Zika virus
infection”), recommending that its Member Statestdblish and maintain the capacity to
detect and confirm Zika virus cases, prepare heai¢hfacilities for the possible increase
in demand at all healthcare levels and speciatiseel for neurological syndromes, and
strengthen antenatal care” (PAHO 2015).

The declaration of national public health emergemniggered “a huge political
and institutional mobilization” (Maierovitch Hernigs 2017). The Federal Government
issued multiple sets of recommendations for hgaibfiessionals, including new rules for
ensuring the safety of blood transfusions, and-tPessident Dilma Rouseff created an
inter-ministerial task force bringing together $tafid resources from the Ministry of
Health and the Ministry of Social Development toypde a comprehensive response to
the crisis.

Still, in the absence of robust diagnostic protsdol ZIKV infection, crucial

guestions of public health relevance remained umarexd, and unanswerable, long after

15
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the causative link between ZIKV infection and mmaphaly had been officially accepted
in Brazil. While laboratory results demonstrated tlapacity of the virus to infect the
foetus and attack its neurological system, adequabéc health interventions required
population-wide measurements of infection and adespiological understanding of risk
distribution. It was impossible to know how manyaBitians were infected with the

virus, what percentage of those infections wereggmatic, what proportion of women
infected during pregnancy went on to give birtlinfants with neurological
abnormalities, whether infection was especiallyriat certain stages of the pregnancy,
or what percentage of microcephaly cases repontétkei epidemiological bulletin
published by the Brazilian Ministry of Health coudd plausibly associated with ZIKV
infection. Some anomalies in the regional distitrubf congenital malformations were
quickly becoming apparent. The state of Bahiajrfetance, where the first cases of
ZIKV infection had been detected, had reportedas®s of microcephaly as of the end of
2015 (Triunfol 2016).

In the face of these uncertainties, the mobilizabbgovernmental resources
focused on a familiar target: the mosquito vedtor. a considerable period of time after
the declaration of the ESPIN, the only obvious sewof action was to intensify measures
already in place to fight dengue and chikungunjlaliseases predominantly transmitted
by Aedes aegyptnosquitoes. Despite an inflow of resources andrbbilization of
military personnel to assist in mosquito contrdbes in several large cities, this strategy
faced evident challenges. Not only had similarrigations failed to reduce transmission
of other arboviruses in the past, but the spenditwre of the relationship between ZIKV

and its mosquito vector remained uncertain. Thecefbf interactions between different
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viruses on the mosquito capacity to transmit ZIKdf,instance, had yet to be
investigated. Studies published in the first momth8016 even suggested that ZIKV
might also be transmitted &yulexmosquitoes, further complicating the design of
targeted mosquito abatement campaigns in urbaersent

Clarifying the public health implication of the Z\Koutbreak and developing
strategies to protect those exposed to the higlséstequired, among other things, robust
evidence from large prospective case-control studigoregnant women. Yet that
evidence would take months to arrive. The firstarbBtudy with pregnant women who
had experienced symptoms of ZIKV infection had beemched in September 2015, and
preliminary results would not be available until fefa of the following year (see next
section). The first prospective cohort study sthiteJanuary 2016 in the city of Recife,
Pernambuco, with initial results appearing aroumpdilf that year (de Araujo et al
2016). A second case-control study on the assooniaetween ZIKV infection and
microcephaly, supported by the US Centers for Bis&€2ontrol (CDC), started in March
2016 in several municipalities in the state of ReErgKrow-Lucal et al. 2018). As these
and other studies progressed, public health unngrteemained a central feature in the
evolution of the governmental response to thexirsBrazil.

In fact, public health uncertainty was initiallyaoerbated by the intensification of
surveillance efforts. The need to standardize @dinieporting protocols brought greater
scrutiny to practices of prenatal and perinatag cegvealing shortcomings across the
country, including limitations in the national syst for registering congenital and birth
abnormalities the SINACSS(stema de Informacdes sobre Nascidos Yividse

reliability of SINACS had come into question in th&st, as Brazilian scientists would be
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the first ones to point out in some of the earlpsgilications on microcephaly (Schuler-
Faccini, L. 2016), and many epidemiologists susggktiiat microcephaly had been
historically under-reported in the country, whiclhde it difficult to appreciate the true
implications of the numbers published during theosel half of 2015 (Triunfol 2016).

The very definition of microcephaly remained inflduring the early months of
the crisis. SINASC had originally defined microcaphas a head circumfereneg
standard deviations below the mean for age andvg@gh corresponded to 30.3 cm for
full-term females and 30.7 cm for full-term mal@&sis definition, however, excluded a
significant number of the neonates who were beorg In the fall of 2015 with obvious
physical abnormalities. In mid-November, the Mirystf Health introduced a new “ad
hoc” surveillance system for the identificationcafses of microcephaly in neonates born
since 1 January 2015, which defined microcephaly lasad circumferenc&g3 cm for
both sexes. Before the end of the year the dedmidif microcephaly changed again, and
from 8 December onwards full-term infants with a#heircumference32 cm were
registered as suffering from microcephaly.

The choice of a 32 cm threshold did not mean, hewetat the actual
measurements taken in maternity wards across Braddenly became more accurate.
The new emphasis on a precise measurement of freathterence coexisted with a
wide variety of measurement methods, differentlieweéskill, and lack of access in
many cases to proper equipment. Researchers camgluase-control studies on the
relationship between ZIKV infection and microcephiahd to bring specially designed
measure tapes to the hospitals and maternity wards used on neonates. As one

epidemiologist put it to us in an interview: “Weught some tapes that are neither paper
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nor plastic, they measure exactly — they have exaldllity. We left a box of them in the
delivery room, and asked the doctors to use orngytépe, to not measure with sewing
tape measure or any other kind of tape” (Intervig8vApril 2018). Measurements of
head circumference made at birth, moreover, oftexgul inaccurate: the case-control
study conducted in Paraiba found that only 55 pat of the infants who had been
reported to have microcephaly at birth had thertbags confirmed in follow-up
measurements (Krow-Lucal 2018).

The combination of historical underreporting of roeephaly and the possibility
of false positives due to shifting definitions bétcategory muddled the epidemiological
picture and undermined international trust in Braaiclaims of a “microcephaly
epidemic” in the early weeks and months of theiris December 2015, the Latin
American Collaborative Study of Congenital Malfotinas concluded that “the current
data, affected by the change of criterion detemgrihe measurement of head
circumference to suspect microcephaly, do not attmassess whether: 1. a real increase
in microcephaly prevalence at birth occurred intNeastern Brazil; 2. what was the
magnitude of this increase; 3. was this increagetdexposure to the ZIKV or increased
exposure to one or more environmental causes obogphaly (STORCH, alcohol,
prematurity, diabetes, etc.)” (ECLAMC 2015). A msdpective review of data from the
northeast published in February 2016 showed prsiyaindetected seasonal peaks of
microcephaly since 2012, with the number of seases increasing from 2013 onwards
(de Araujo et al 2016). These and similar repoatgegcredence to the notion that factors
other than ZIKV infection might be at work in thbserved cluster of congenital

malformations, or that Brazilian clinicians werev&scounting” cases of microcephaly
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due to the panic triggered by media reports, fgelmernational skepticism about the
severity of the crisis (McNeil 2016).

Even after Brazil declared an official end to tlaional Zika emergency in May
2017, key areas of public health uncertainty ptedisseverely constraining the ability of
national authorities to formulate precise and tegénterventions. In the press
conference in which he announced the lifting of B&PIN, Adeilson Cavalcante,
National Secretary for Health Surveillance, noteat tthe end of the emergency doesn’t
mean the end of surveillance or assistance.” Yéht¢wmporated the threat of Zika into a
“triple epidemic” ofAedesborne arboviruses. “The health ministry and other
organisations involved in this area,” he remarked] maintain a policy of fighting
Zika, dengue, and chikungunya.” The grouping ofadmith other mosquito-borne
diseases once again framed Zika as a vector cgmsblem, sidelining its very specific
clinical and public health implications (Nunes dfichenta 2016). Proclamations of a
renewed effort to control the mosquito vector dadhing to suggest, moreover, that the
authorities would this time be more effective tathe past (Lowy 2017). Dengue and
chikungunya, and presumably ZIKV, continued to adracross Brazil, and in 2017 the
country would also experience one of the largetitreaks of yellow fever in recent
history.

Public health uncertainty, in sum, pertained pritlp&o areas of ignorance and
non-knowledge that impeded or limited effectiveé@tby national authorities, and
followed a strikingly different path from global &léh uncertainty. It persisted well after
the lifting of the PHEIC, because it was shapedheyenduring technical challenge of

detecting the virus, the difficulty of accurategcording cases of microcephaly and other
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birth abnormalities across the country, and theossbility of drawing robust
epidemiological inferences from fragmented and sones unreliable case data. The
relative intractability of public health uncertaing most evident in the centrality that
mosquito control initiatives occupied in the govesntal response to the crisis: this was
a self-evident course of action, in the senseitlthd not require any new knowledge but
simply an intensification of already-existing me&s, even if those measures had failed

to check the spread of other arboviruses in the pas

4 Clinical uncertainty

The clinical profile of ZIKV infection changed qliy and dramatically as the crisis
unfolded. When, towards the end of 2014, a clustgenerally mild symptoms began to
be identified in patients in Brazil's northeasi $yndrome was classified as
“undetermined exanthematous” or “exanthematouseadisease, on the basis of its
most visible manifestation: skin rashes. The aegjplof the symptoms was unknown —
local media speculated about an outbreak of rubshde most reports and many official
authorities described it as a form of “mild dendue.

Even after the Zika virus was detected in serumpéasrfrom patients in
Camacari, Bahia, in May 2015, and evidence begamotant that the “mild dengue”
might in fact be caused by a new arbovirus, th@adi implications remained uncertain
(Campos et al 2015). The main known potential cacapibn was Guillain-Barré
syndrome, as had been observed during the 2013-@&@bdeak in French Polynesia. Yet

the number of cases of this autoimmune disordesrteg in the states of Pernambuco
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and Bahia in the second quarter of 2015 was relgtsmall, and involved predominantly
adults. The novel syndrome was still charactergeticute maculoexantematic illness,”
and given the assumed clinical similitude with demgseveral health surveillance
authorities in northeastern states recommendedévatcases be reported as dengue even
when ZIKV infection was suspected (Governo do Est@el Pernambuco 2015).

The identification of a cluster of microcephaly easpatially and temporally
associated with ZIKV circulation radically alterdte tenor of the response. Yet the
declaration of a national public health emergemchMovember did little, at least initially,
to change the clinical profile of the disease. Aatel diagnosis of infection was
hampered by the fact that many of the symptomslihtsiresembled those for dengue or
chikungunya, the cross-reaction of serologicaktéstntibodies produced by those
viruses, and the narrow temporal window for detectf viral RNA in maternal sera. For
several weeks, the capacity for reliable deteatifothe virus was limited to sentinel and
reference laboratories and required expensive fjaawe reverse transcriptase
polymerase chain reaction (QRT-PCR) analysis. Nharg¢able tests, specifically a quick
IgG immunochromatographic assay, proved difficoltlevelop and standardize. It was
not until September 2016 that the Ministry of Healias able to purchase a new rapid
test for use in primary health facilities, and ttegfuct did not arrive until early 2017.
This test, however, has a long detection time aladvesensitivity, and its distribution
across the country was uneven (de Vasconcelo2ét18;, Kameda de Carvalho 2019).

As to the most critical clinical issue, the protdgon of neurological birth
abnormalities, it was impossible for a long timeotdain a clear view of the risk. In

addition to the challenge of detecting the virugdtheses proliferated about the role of
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potential co-factors or effect modifiers — from egpre to teratogenic drugs or
pyriproxyfen-based larvicides, to co-infection per arboviruses or administration of
the rubella vaccine during pregnancy. Uncertaitgp @ersisted about the relationship
between time of infection during pregnancy andsneerity of fetal disorders. Initial
reports suggested that only infection during th& frimester of gestation led to
microcephaly. This claim that would be contradiatetarch 2016, when evidence from
the first cohort studies suggested that, whilefitisé trimester was indeed the period of
highest risk, damage to the foetus could occurrcgss of the period of pregnancy when
the mother was infected by the virus (Brasil, Ralét016).

These and other uncertainties explain the mostioo® and controversial piece
of “clinical” advice given to women during the finrsionths of the crisis: the
recommendation to postpone pregnancy and wait ¢teaaer picture of the disease to
emerge. Claudio Maierovitch Henriques, directonédéctious disease surveillance at the
Ministry of Health, issued this advice in NovemB&4.5. “Don’t get pregnant now,” he
said. “This is the soberest advice that can bengivdthough the Ministry of Health
denied that this recommendation represented dffickcy, the same advice was
conveyed publicly by many policy-makers, includthg then-Minister of Health
Marcelo Castro, who on 18 November declared todvespapeFolha de S. Pauto
"Sex is for amateurs, pregnancy for professiorfahyione who is going to get pregnant
needs to take the necessary precautions. No onddstet pregnant by chance, she must
have a plan for a responsible maternity". Hnente Parlamentar da Saudan
influential group of deputies in the National Coesg, issued a similar advice: “Whoever

is planning to have a baby now, should postponegiaa, should let some time pass and
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give us an opportunity — give the government arodpipity — to defeat this very
serious epidemic, primarily by eliminating the v@ct Similar recommendations were
made by countless clinicians and medical expev#dever is planning a pregnancy and
can wait a month or two until we discover the caofsthis outbreak would be acting
prudently,” a pediatrician from Recife noted in tieionalO Globonewspaper.

The recommendation to delay or avoid pregnancyepldlce onus of
responsibility for prevention squarely on indivilueomen, yet did not provide any
clarity as to the nature of the risk of ZIKV infemt, nor was it associated with any policy
to increase contraceptive options (Borgeal 2018; see also Sanabria 2010). The advice
also laid bare the socio-economic disparities shaitctured the distribution of risks and
healthcare provision. Not only were the majoritycates of microcephaly reported in
some of the poorest states in the country, butinittie same state or even the same city
the risk of ZIKV infection and subsequent congdratanormalities was strongly
associated with the quality of living conditions,aresult of the differential level of
exposure to mosquitoes. A study of the distribubbmicrocephaly cases in Recife
showed a much higher prevalence rate in the poseesions of the city (de Souza et al
2018). Tellingly, cases from the wealthier disttended to be reported during the early
weeks of the crisis, suggesting that women of higbeio-economic status had easier
access to contraception and/or abortion, whichegal in Brazil except when there is a
direct risk to the mother’s life or in cases ofeghdowy 2018). In fact, the private
healthcare sector — which serves a quarter ofdpelption but mobilizes almost half of
healthcare expenditure — was mostly absent fronednly history of the crisis. Upper-

and middle-class women escaped the state’s epittagital gaze and were better able to
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assert sexual and reproductive rights in the fatkeoepidemic (Diniz 2016; Castro et al
2018).

Finally, the longer-term clinical implications dfe disease remained — and remain
— uncertain. Brazilian scientists soon noted thateoephaly was only “the tip of the
iceberg,” and that less apparent neurological maébdions were common among
newborns exposed to the vinmsutero (Oliveira Melo et al 2016). This led to
increasingly broader definitions of the diseasehsas “congenital Zika syndrome” or
“syndrome associated with congenital infection wdtka” (Brito 2016). Extensive
investigations of several hundred infants suggettata significant number of those
bornwithoutmicrocephaly did suffer significant developmerihhormalities (Franca, G.
V. et al 2016). A new term, “postnatal microcepkialyas introduced into the lexicon of
Zika-related symptoms to describe children bormwibrmal heads who went on to
experience brain growth failure. As a 2018 reviduhe field suggested, “[d]espite the
intense scientific investigation of congenital micephaly, we are only beginning to
understand the greater spectrum of ZIKV-associajedy and neurodevelopmental
outcomes for non-microcephalic foetuses” (Waldole2018). As the infants born in
late 2015 and early 2016 continue to grow, the easfgabnormalities associated with
congenital ZIKV syndrome (musculoskeletal malforimias, seizures, dysphagia, hearing
and vision impairments) has continued to expand,the protocols for the care,
stimulation and rehabilitation of children have toued to evolve as the true extent of
the malady reveals itself. (Kuper et al 2018).

Clinical uncertainty, in sum, registers the unknewimat hamper the

implementation of robust standards of supportive éar individuals exposed to ZIKV
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infection, specifically pregnant women and theitdrien. The recognition of a causal
association between congenital ZIKV infection androcephaly did not in and of itself
expand the range of therapeutic or support opfionaffected individuals and families.
Similarly, the end of the ESPIN in May 2017 was asgociated with any clarification of
the standard of care or any strengthening of healéhprovision. Clinical protocols
remain fluid to this day, as the spectrum of neagimal and developmental abnormalities
linked to congenital ZIKV syndrome continues to amng, and the care of affected
individuals becomes the concern of an expandingfsestitutions, including

educational ones, thus implicating ever more seabBrazilian society (Sa et al 2019).
The implementation of these protocols, moreoves,been fragmentary and inconsistent,
often contingent on and socio-economic status@onal origin (Albuquerque et al
2019). At the clinical interface of the emergentygn, epistemic deficits have been
thoroughly mediated by inequalities and inequitrethe distribution of access to

information and care.

5 Discussion: diverging uncertainties and the seliéee impact of

‘emergency research’

An epidemic is almost by definition defined by ase of epistemic deficiency. As
Charles Rosenberg suggested in relation to theAD& crisis, “fear and anxiety create
an imperative need for understanding,” and theangibry efforts triggered by
epidemics “necessarily reflect a particular geneng cultural and intellectual

assumptions, its repertoire of available tools”¢®aberg 1992: 294).
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The Zika crisis threw this dynamic into sharp relRerplexity and dread
dominated the initial response: a largely unknovwasy transmitted by a species of
mosquito endemic across Brazil and neighboring tes) had emerged unexpectedly,
and appeared capable of causing severe fetal medfmms. This original shock, we have
argued, encompassed different kinds and modatifiescertainty.

Global health uncertainty pertained primarily te gtientific question of
causality whereas public health uncertainty revolved arausiddistribution and
clinical uncertainty concerned primarily the avhildy and adequacy dupportive care
During the initial weeks and months of the Zikasiiin Brazil, it was easy to fuse and
conflate these very different forms of unknowinggy were simply different dimensions
of an unexpected and poorly understood situation.

Yet, as the crisis unfolded, each modality of utairty began to follow a distinct
path. Global health uncertainty, as articulatedigyWHO’s PHEIC, was officially over
by November 2016. The EC justified the end of ttregency on the basis that “research
[had] demonstrated the link between Zika virusctiten and microcephaly” (WHO
2016e). Implicit in this reasoning was the clairattthe achievement of a scientific
consensus on the causal nature of the link bet&#€vi infection and microcephaly was
in itself sufficient to transform the status of #i&a crisis from “emergency” to
“significant enduring public health challenge” (WHD16e). The resolution of global
health uncertainty, it turns out, did not requlte tompletion of large prospective case-
control studies; it was accomplished by piecingtbgr data from a small number of
index cases and laboratory studies, along witlosetctive studies of past outbreaks and

preliminary reports from cohort studies.
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Public health uncertainty, in contrast, persisted eontinued to constrain state
action over a much longer period of time — at they\teast, until the large prospective
case-control studies launched during the heyddlyeoémergency delivered their final
results, towards the end of 2017. These studies alge to exclude other potential
factors in the association between microcephalycamgjenital ZIKV infection, and
provided a more definitive, if not particularly ssairing, analysis of risk distribution.
Despite these advances in scientific knowledge @vew the slow development and
fragmentary roll-out of point-of-care Zika diagniostmeant that the epidemiological
picture of ZIKV infection and its clinical impliceins has remained uncertain. The
reasons for the exceptional cluster of microcephaly congenital Zika syndrome
observed in Brazil in 2015 and early 2016 are atithystery, and the current distribution
of infection and clinical symptoms across the couid largely unknown. Local data sets
from this period period continue to be mined toathe alternative interpretations of the
“true” epidemiological picture of the crisis (Bradyal 2019).

Finally, clinical uncertainty has proven even mimteactable. In fact, it has
increased over time, as the range of abnormaésssciated with ZIKV infection
expands and they affect more and more aspecte di/s of those who were exposed to
the virusin utera The Zika epidemic unfolded during a period ofuettbns in
government spending on federal, state and munigpal public services. The
emergency threw into sharp relief structural stwrtimgs in Brazil's justly celebrated
universal health system, tiéstema Unico de Satdand drew attention to regional and

socio-economic disparities in healthcare provision.
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As these differential trajectories suggest, eacmfof uncertainty has benefited to
different degrees from the “emergency researcloreffthat the WHO and other
international organizations marshaled during thekp# the crisis. The decision by the
WHO to describe the Zika crisis as a global emergdelped catalyze multiple funding
commitments and re-directed resources to Zika reseAccording to Bruce Aylward,
Executive Director of WHO'’s Outbreak and Health Egaemcies Cluster at the time, the
PHEIC “sparked an explosion of scientific work winis filling the gaps in our under
understanding of the virus and on possible ways@fenting its devastating effects”
(quoted in Maurice 2016). The WHO extended to Zllegnostics the Emergency Use
Assessment and Listing Procedure established dthiengVest African Ebola outbreak,
and other global medicines regulators followed witlh emergency use and expedited
review provisions for Zika diagnostics and therdjosun an effort to encourage
investment by private developers.

Yet this surge of scientific work did not address three forms of uncertainty
equally. The influx of international research fumglallowed a rapid accumulation of
data on viral genetics, molecular biology, histakicirculation of the virus, and
physiological effects of infection, especially abbratory models (Faria et al 2016;
Cugola et al. 2016; Ming & Song 2016). In Brazihave research budgets were under
pressure, international partnerships supporteisign funders contributed to a rapid
expansion of scientific work on the virus, its mogq vector, and inborn malformations,
and resulted in the creation or extension of migdtim@tional and transnational
collaborative networks (Glopid-R 2016; c.f. MartzrBulgarin 2016). At a time of

political crisis and economic downturn, Braziliaientists, including young researchers,
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many of them based in the northeastern institutimese able to gain international
visibility through participation in research coltaations, policy-shaping events, and
publication in prestigious scientific journals.

Despite this inflow of resources, however, key fagdyaps remained
unaddressed throughout the critical period. Intiéonal health organizations received
only a fraction of the funds they requested (WHQ&{), and a majority of the ad hoc
funding mobilized by European and North-Americaerages went to researchers based
in high-income countries (Goodridge et al. 2017any of these resources were directed
at the questions at the heart of global health tiaicgy, the nature of the link between
congenital infection and microcephaly, while othspects of the Zika crisis, such as
sexual transmission of the virus or the long-telim@al implications of congenital
infection, were relatively neglected. Furthermavéh the lifting of the PHEIC in
November 2016 resources were quickly diverted bemopurposes. Diagnostic and
vaccine development efforts slowed down and in soases were terminated, while the
reduction in the number of cases of symptomatic\Zikfection and microcephaly has
limited the ability to conduct efficacy trials faew therapeutics. Despite the WHO’s
repeated claim that Zika represents “a highly sicgumt long-term problem,” it is evident
that financial and scientific resources have beedirected elsewhere. In Brazil, the
erosion of research and clinical capacity has ooetil apace.

There is, in other words, a conceptual and ingtitall affinity between
“emergency research,” as currently defined by ma@onal organizations and funding
agencies, and global health uncertainty, at thersg of other modalities of unknowing.

By focusing on the issue of causality, and by ngaeerally defining uncertainty as a
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matter of scientific consensus on fundamental bxgfical questions, global health
institutions defined the problem in a manner theyenconfident they would be able to
solve: as a “gap” in the existing scientific knodde base, a clearly identifiable
unknown, omot-yet-knownthat incumbent institutions of knowledge prodostcould
tackle with a rapid surge in research fundinghisummer of 2016, six months into the
PHEIC, Bruce Aylward was able to highlight the ssx of this strategy as far as the
establishment of new scientific facts was concerfidthat impresses me most,” he
noted, “is the short time it took for scientistaéach a consensus that Zika is the culprit”
(quoted in Maurice 2016).

The relevance of “emergency research” for publiltheor clinical uncertainty is
less apparent or immediate, however, partly bectese forms of unknowing revolve
less around questions of scientific knowledge agrtigin instead to matters of technical
and institutional capacity that the framework ofeegency response is ill-equipped to
tackle (Lakoff 2017; Kelly 2018). Public health enainty and clinical uncertainty speak
to forms of structural ignorance, entrenched madesmknowing, rather than the sort of
“knowledge gap” that a rapid mobilization of sciintresources can quickly fill.

In sum, the example of the Zika crisis in Brazihieds us once again that the
revelatory power of medical crises is concentratedpecific dimensions of the problem
at the expense of others. Critical aspects of pideenic, from the role of sexual
transmission, women’s sexual and reproductive sight the socio-economic inequalities
that structured exposure to risk and access tqQ arained largely external to the
scientific agenda that emerged at the end of 2B&Be epistemic deficits were quickly

and effectively addressed, while others were altbwepersist and become entrenched. A
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more careful delineation of the multiple forms ofcartainty that define moments of
medical emergency, and greater attention to hotitutisns prioritize some of those
unknowns over others, are essential to formulaginfal strategies that are both
responsive to the urgency of the moment and capdiggengthening the institutional

capabilities that ensure long-term effectiveness.
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Uncertainty was a defining feature of the Brazilian Zika crisis of 2015-
2016

We identify three forms: global health, public health and clinical
uncertainty

Each form followed a different path as the crisis unfolded
“Emergency research” was effective in tackling global health uncertainty

But it proved less effective in addressing public health and clinical
uncertainty
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