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Abstract. In themost recent Brazilian yellow fever (YF) outbreak, a group of clinicians and researchers initiated inmid-
January 2018 a considerable effort to develop a multicenter randomized controlled clinical trial to evaluate the effect of
sofosbuvir on YF viremia and clinical outcomes (Brazilian Clinical Trials Registry: RBR-93dp9n). The approval of this
protocol had urgency given the seasonal/short-lived pattern of YF transmission, large number of human cases, and
epidemic transmission at the outskirts of a large urban center. However, many intricacies in the research regulatory and
ethical submission systems in Brazil were indomitable even under such pressing conditions. By April 2018, we had
enrolled 29 patients for a target sample size of 90 participants. Had enrollment been initiated 3weeks earlier, an additional
31 patients could have been enrolled, reaching the prespecified sample size for the interim analysis. This recent expe-
rience highlights the urgent need to improve local preparedness for research in the setting of explosive outbreaks, as has
been seen in the last few years in different countries.

In the past decade, recurrent outbreaks of human sylvatic
and peri-urban transmission of yellow fever (YF) have been
reported in the southeast ofBrazil. So far, the transmission has
remained limited to sylvatic and peri-urban areas, and actual
urban transmission has not been demonstrated.1 However,
the risk of urban transmission is substantial and is exacer-
bated by the low vaccine coverage2 and the widespread
presence of competent Aedes vector in urban areas.3

In themost recent outbreak, cases peaked inSaoPaulo, the
wealthiest andmost populous state in the country. Although a
surge in the incidence of the disease has been noted since
early 2017, beginning in January 2018 a striking increase in
incidence has been detected in the metropolitan area of Sao
Paulo city, and through April 2018, 501 autochthonous YF
cases were officially reported.4 Patients presenting with
classic symptoms of YF were increasingly referred to tertiary
hospitals in early 2018.
The clinical presentation of human YF varies widely, and

severe cases are associated with rapid deterioration and
high case-fatality rates.5 The picture observed in tertiary care
hospitals in our setting is no different. Besides,most patients
are young and previously healthy, and the lack of a specific,
efficacious treatment renders healthcare providers in-
creasingly frustrated, with a sharp sense of tied hands. In the
recent outbreak in Sao Paulo, we witnessed widespread use
of therapeutic strategies without robust evidence of efficacy
such as n-acetylcysteine and plasmapheresis.6,7 Liver
transplant in the context of acute liver failure due to YF was
also performed in a few cases as a salvage intervention.
However, this has been associated with high morbidity and
mortality.8

Providers in Sao Paulo, Minas Gerais, and Rio de Janeiro
have recently initiated the prescription of antivirals such as

sofosbuvir as a tentative treatment for YF. Sofosbuvir is ap-
proved for hepatitis C virus treatment,9 and in vitro activity
against YF has been demonstrated since 2017 but made
publicly available only in 2018, which may have accounted for
additional delays in the development of YF treatment
protocols.10,11 Given the prior experience with sofosbuvir use
with acceptable safety profile, many physicians felt comfort-
able in prescribing the drug despite inexistent evidence of
clinical efficacy. Even so, the scientific evidence was urgently
needed.
In this context, a group of clinicians and researchers in

Sao Paulo initiated in mid-January 2018 a significant effort
to develop amulticenter randomized, controlled clinical trial
to evaluate the effect of sofosbuvir on YF viremia and clin-
ical outcomes (registered at the Brazilian Clinical Trials
Registry: RBR-93dp9n). We conceived and wrote the pro-
tocol in approximately 1 week, despite the lack of specific
funds, and addressed worries from some healthcare pro-
viders who felt that a randomized trial could be unethical in
this context. Regulatory steps for the protocol approval
were fast-tracked as much as possible, based on our vast
experience in facing the lengthy and bureaucratic proce-
dures of medical research in Brazil. In this particular study,
the approval had special urgency because of the seasonal,
short-lived pattern of transmission of YF and its well-
defined public health impact.
However, several intricacies in the regulatory and ethical

submission systems in Brazil were indomitable even under
such pressing conditions. For instance, federal regulations
require protocols to be submitted electronically in a unified
platform. Although the ethics review by the local In-
stitutional Review Board (IRB) may be sufficient in some
cases, approval by theNational Research EthicsCommittee
(Comissao Nacional de Etica em Pesquisa) may be addi-
tionally required. The criteria for evaluation by the national-
level committee include studies in human genetics and
reproduction, studies of investigational new drugs or
equipment, and also studies with international funding,
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among others. Furthermore, the local IRB may request a
revision by the national committee not grounded on any of
the traditional criteria, which means that a protocol may
take 2–3 months to fulfill the entire submission-to-approval
process. Furthermore, this process can be protracted dur-
ing holidays or summer vacations such as early January or
Carnival in Brazil.
In the case of this specific protocol, despite the absence

of specific criteria, the local IRB decided to send the proto-
col for revision by the national-level committee (CAAE
82673018.6.1001.0068). The reason for this additional eval-
uation was not specified. We assume that the ethical impli-
cations of a randomized YF treatment protocol were deemed
to be too complex for local revision only. As a consequence,
ethical approval was delayed by 3 weeks, during the peak YF
season. The missed enrollments over the course of these
3weekswere critical in delaying theminimal sample size of 60
participants estimated for protocol interim analysis.
In the days and weeks after the submission of the protocol

for regulatory approval, at least six additional hospitals
requested to be included in the study as new recruitment sites;
however, an amendment to the protocol including the partner
institutions could not be promptly submitted as the electronic
submission platform only accepts amendments after the for-
mal approval of the prior version. The local IRB at each new
participant institutionwasnot allowed to review theprotocol in
parallel and could only access study documents after the
approval by the national committee, further delaying the
evaluation and approval of the study.
After the approval of the protocol, additional logistic and

operational difficulties emerged. The donation process of the
study medication could only be started after formal IRB ap-
proval and lasted nine additional days. In the laboratory, we
faced the usual delays for the importation of reagents, high
costs, and bureaucracies in sample shipping, lack of human re-
sources to perform bench work, and scarcity of freezer space.
Funding for this study came from aggregated seed funds

available from five different laboratory groups, in addition to
emergency funds made available from the state research
agency (FAPESP, Sao Paulo Research Foundation).
Personnel hired to coordinate and perform study proce-

dures had to commit towork despite a lag of 2months ormore
for financial compensation.
By April 2018, we had enrolled 29 patients in the study, for a

target sample size of 90 participants. Had enrollment been
initiated 3 weeks earlier (i.e., 2 weeks after initial submission),
an additional 31 patients could have been enrolled only at the
primary institutions, Hospital das Clinicas da Faculdade de
Medicina da Universidade de Sao Paulo and Instituto de
Infectologia Emilio Ribas, reaching the prespecified sample
size of 60 participants for interim analysis (Figure 1).
It is important to mention that economic disparities seen

across different states in Brazil also correlate with disparities
in research capacity; the challenges we present here would
likely be more striking had the study been conducted in other,
less affluent regions of the country.
We fully acknowledge that ethical and regulatory approvals

are intrinsic and essential elements for conducting medical
research in compliance with the International Conference on
Harmonisation—Good Clinical Practice. However, to what
extent could unnecessary delays in the implementation of
protocols be considered unethical, particularly in outbreak

research? Late publication of new research findings, delayed
regulatory approvals, protracted contract processing, diffi-
culties in hiring and training research personnel, lengthy pro-
cess for shipment of reagents and equipment, and restricted
funding availability may all negatively impact timely imple-
mentation of studies.
This recent experience highlights the urgent need to im-

prove local preparedness for research in the setting of ex-
plosive outbreaks, as have been seen in the last few years in
different countries. In fact, for infectious diseases with epi-
demic behavior, the best—and sometimes only—opportunity
to test the efficacy of a new drug or vaccine among infected or
at-risk human populations is during the outbreak itself.12,13

Ebola and Zika epidemics are recent dramatic examples. In
the case of Ebola treatment trials, despite expedited protocol
development and ethical approval, additional barriers were
faced over local staff deploying, legal contract processing,
and coordination of different coexisting protocols.14 Such
limitations result in waste of financial and structural resources
and lost research opportunities.12

URGENT ACTION POINTS FOR PREPAREDNESS

A list of points of delay faced during the development of our
study along with specific suggestions for improvement is
presented in Table 1. Further recommendations from expert
panels and stakeholders have been recently published. They
include the development of template documents and check-
lists for proposed protocols in emergency or epidemic situa-
tions15; elaboration of guidelines for research ethics review
and training programs for healthcare staff, tailored for the
sociocultural peculiarities in each setting12; coordination be-
tween ethics committees, stakeholders, and other oversight
authorities for ensuring communication and efficient outbreak
response16; and anticipated inclusion of the interests of
pregnant women in the development of prevention and
treatment interventions in the context of infectious disease
outbreaks.17

FIGURE 1. Yellow fever hospital admissions and potential enroll-
ments missed by 2018 epidemiological weeks. CONEP = Comissao
Nacional de Etica em Pesquisa—National Research Ethics Commit-
tee; IIER = Instituto de Infectologia Emı́lio Ribas; IRB = Institutional
Review Board.
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In conclusion, our experiencewith theYFoutbreak in theState
of Sao Paulo, Brazil, highlights the need for changes in research
preparedness that are particularly critical in middle- and low-
resource settings. Initiatives to improve the efficiency andquality
of research response during public health emergencies and
outbreaks should be implemented before their outburst. Stake-
holders and international neutral bodies have a leading role in
setting research priorities and strategies before it is too late.
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TABLE 1
Points of delay in YF research conducted in Sao Paulo, January 2018, and potential strategies for improvement

Points of delay in YF research Suggested strategies for improvement

Delays in knowledge transfer, including
lengthy process for publication of
scientific findings

Important research findings, especially those concerning diseases with high public health
impact and those evaluating new medical interventions, should be made publicly available
promptly, through traditional scientific journals or other platforms.

Knowledge and use of existing non–peer-reviewed platforms such as bioRxiv12 should be
amplified in the scientific community, keeping in consideration the intrinsic limitations of
non–peer-reviewed publications.

Predominance of empirical care provision
approach over evidence-based
decision in health care

Improvements inmedical trainingon the importanceof safety andefficacy studies for eachnew
drug, device, or procedure are needed.

Local regulations on emergency use of investigational drugs should be easily accessible and
applied.

Lack of funds tailored for rapid allocation
to emerging diseaseswith public health
impact

Sponsors and funding agencies should create special funds, allowing for flexible and rapid
allocation for urgent research purposes.

Delays in regulatory approval International regulations on clinical research should include timeframe as a key element of
regulatory procedures, prioritizing outbreaks that require quick scientific responses. In
addition, local stakeholders and research institutions should accommodate the needs of
emergency responses by fast-tracking contracts and financial operations.

Delays for importation of reagents and
equipment

Delays in the shipping of reagents and other obstructions that delay customsclearance should
be avoided through the existence of unambiguous regulations for accelerating transport and
delivery of essential materials, not limited to research context, but also extending to public
health response purposes.

Lack of trained human resources Human resourcesand training in resource-limitedsettingsshouldbe improved toallow for local
planning and development of well-designed protocols in anticipation of outbreaks that
impact public health.

YF = yellow fever.
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