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BACKGROUND
Insufficient vaccine doses and the lack of therapeutic agents for yellow fever put 
global health at risk, should this virus emerge from sub-Saharan Africa and South 
America.

METHODS
In phase 1a of this clinical trial, we assessed the safety, side-effect profile, and 
pharmacokinetics of TY014, a fully human IgG1 anti–yellow fever virus monoclo-
nal antibody. In a double-blind, phase 1b clinical trial, we assessed the efficacy of 
TY014, as compared with placebo, in abrogating viremia related to the administra-
tion of live yellow fever vaccine (YF17D-204; Stamaril). The primary safety out-
comes were adverse events reported 1 hour after the infusion and throughout the 
trial. The primary efficacy outcome was the dose of TY014 at which 100% of the 
participants tested negative for viremia within 48 hours after infusion.

RESULTS
A total of 27 healthy participants were enrolled in phase 1a, and 10 participants 
in phase 1b. During phase 1a, TY014 dose escalation to a maximum of 20 mg per 
kilogram of body weight occurred in 22 participants. During phases 1a and 1b, 
adverse events within 1 hour after infusion occurred in 1 of 27 participants who 
received TY014 and in none of the 10 participants who received placebo. At least 
one adverse event occurred during the trial in 22 participants who received TY014 
and in 8 who received placebo. The mean half-life of TY014 was approximately 12.8 
days. At 48 hours after the infusion, none of the 5 participants who received the 
starting dose of TY014 of 2 mg per kilogram had detectable YF17D-204 viremia; 
these participants remained aviremic throughout the trial. Viremia was observed 
at 48 hours after the infusion in 2 of 5 participants who received placebo and at 
72 hours in 2 more placebo recipients. Symptoms associated with yellow fever 
vaccine were less frequent in the TY014 group than in the placebo group.

CONCLUSIONS
This phase 1 trial of TY014 did not identify worrisome safety signals and suggested 
potential clinical benefit, which requires further assessment in a phase 2 trial. 
(Funded by Tysana; ClinicalTrials.gov number, NCT03776786.)

A BS TR AC T

Phase 1 Trial of a Therapeutic Anti–Yellow 
Fever Virus Human Antibody

Jenny G. Low, M.R.C.P., M.P.H., Justin H.J. Ng, Ph.D., Eugenia Z. Ong, Ph.D., 
Shirin Kalimuddin, M.R.C.P., M.P.H., Limin Wijaya, M.R.C.P., 

Yvonne F.Z. Chan, M.R.C.P., Dorothy H.L. Ng, M.B., Ph.D., Hwee‑Cheng Tan, 
Anjali Baglody, M.Sc., Yok‑Hian Chionh, Ph.D., Debbie C.P. Lee, Ph.D., 

Yadunanda Budigi, Ph.D., Ram Sasisekharan, Ph.D.,  
and Eng‑Eong Ooi, B.M., B.S., Ph.D.​​

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org at MIT LIBRARIES on September 10, 2021. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;5  nejm.org  July 30, 2020 453

Ther apeutic Anti–Yellow Fever Virus Human Antibody

Yellow fever is an acute viral hem-
orrhagic disease. This disease is caused by 
the yellow fever virus, which is currently 

enzootic in the forests of South America and sub-
Saharan Africa. Spillover transmission of yellow 
fever virus from the enzootic cycles into humans 
is now occurring at increasing frequency, with 
an estimated 20,000 cases of yellow fever occur-
ring each year.1 This trend is alarming because 
large outbreaks of yellow fever have occurred in 
urban centers in the past, in which transmission 
by the anthropophilic and highly domesticated 
Aedes aegypti mosquito enabled human–mosquito–
human cycles of yellow fever virus transmission. 
The increased frequency of spillover transmis-
sion2-4 thus threatens to resurrect such urban 
outbreaks throughout the tropics and wherever 
A. aegypti has gained a foothold, including in 
parts of the United States.5 International travelers 
who were infected with yellow fever virus in 
Africa and South America have returned to their 
countries of origin with both the disease and 
yellow fever virus,6,7 leading to a risk of further 
viral transmission. Yellow fever is associated with 
mortality of 20 to 50%, especially among per-
sons whose infection in the liver is sufficiently 
extensive to cause liver failure.1 Yellow fever is 
thus a major global health concern.

Although a safe and effective vaccine against 
yellow fever virus is licensed for use, global 
manufacturing capacity is insufficient to meet 
surges in demand, especially during outbreaks.8,9 
The vaccine is also contraindicated in infants, in 
pregnant women, and in persons older than 60 
years of age, as well as in immunocompromised 
persons, because of the increased likelihood of 
vaccine-induced viscerotropic and neurotropic seri-
ous adverse events.10,11 To date, there is no licensed 
antiviral therapy against yellow fever virus, so the 
management of severe disease, especially in these 
at-risk groups, involves supportive care. There is 
thus an unmet therapeutic and prophylactic need 
to manage yellow fever.

TY014, a fully engineered human IgG1 mono-
clonal antibody against the yellow fever virus, is 
manufactured with the use of Chinese hamster 
ovary cells. It specifically targets a conserved epi-
tope on the yellow fever virus envelope (E) protein. 
Nonclinical in vitro and in vivo studies showed 
a promising safety profile and efficacy in inhib-
iting yellow fever virus infection. Given the gap 

in the pharmacopeia regarding therapies for yel-
low fever, we explored the potential of TY014 as 
a postinfection therapy for yellow fever virus in-
fection. We took advantage of the properties of 
the live attenuated yellow fever vaccine (YF17D-204 
strain; referred to here as YF17D), which is one 
of the most effective licensed vaccines and which 
elicits detectable viremia in more than 80% of 
vaccine recipients.12 It also elicits mild influenza-
like symptoms at a median of 6 days after vac-
cination in approximately half the recipients.13,14 
We thus made use of these features of YF17D to 
test the safety and efficacy of TY014 in eliminat-
ing detectable YF17D viremia as a proof of con-
cept for further clinical development.

Me thods

Trial Oversight

The trial was sponsored by Tysana and conducted 
at a single site at the Singapore Health Services 
(SingHealth) Investigational Medicine Unit, Sin-
gapore. The clinical protocol, which is available 
with the full text of this article at NEJM.org, was 
reviewed and approved by the SingHealth Central-
ized Institutional Review Board and the Health 
Sciences Authority of Singapore. The trial was 
designed and supervised by the authors, who 
vouch for the accuracy and completeness of the 
data and for the adherence of the trial to the pro-
tocol. The sponsor had no role in data collection. 
Data analysis was led by the principal investiga-
tor and was conducted jointly with the sponsor. 
Celerion, a contract research organization that was 
paid by the sponsor, managed the clinical trial and 
data collection but had no role in the preparation 
of the manuscript. A dose-escalation review com-
mittee met to review data regarding safety and 
overall trial progress, as well as to make decisions 
regarding dose escalations.

Participants

Participants were eligible for inclusion in the 
trial if they were between 21 and 50 years of age, 
had no history of travel to countries where yellow 
fever is endemic, had not been vaccinated against 
or had previous exposure to yellow fever virus, and 
had a stable health status at baseline. Full lists 
of the inclusion and exclusion criteria are provid-
ed in the protocol. Written informed consent was 
provided by all the participants before enrollment.
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Trial Design

This phase 1 trial of TY014 in humans was con-
ducted in two parts (Fig. S1 in the Supplementary 
Appendix, available at NEJM.org). Early discus-
sions with the regulatory authority (Health Sci-
ences Authority) in Singapore were initiated in 
July 2018. Once the clinical protocol design was 
approved by the regulatory authority, an Investi-
gational New Drug (IND) package was submit-
ted to the regulatory authority in October 2018. 
Concurrently, a clinical trial application was sub-
mitted to the SingHealth Centralized Institutional 
Review Board for ethics review. Approval from 
both bodies was granted on November 26, 2018.

TY014 was manufactured and packaged in a 
vial, with 100 mg of TY014 per 5 ml of aqueous 
buffered vehicle. Placebo was a 250-ml infusion 
of sodium chloride (Baxter USP, 0.9%). The solu-
tion (active treatment or placebo) was administered 
as a slow intravenous infusion through a periph-
erally inserted cannula over a period of 30 min-
utes according to body weight.

The safety phase (phase 1a) was a time-lagged, 
single-ascending-dose trial of TY014 involving 
27 healthy adult participants across five dose co-
horts and a placebo group. A double-blind de-
sign was applied to the first dose cohort (0.5 mg 
per kilogram of body weight), which consisted of 
7 participants: 2 participants were randomly as-
signed to receive TY014 and 5 to receive placebo. 
In phase 1a, the remaining dose cohorts (in which 
the participants received 2, 5, 10 or 20 mg of 
TY014 per kilogram) were open-label and consist-
ed of 5 participants each. The safety, side-effect 
profile, and pharmacokinetics of TY014 were 
assessed.

The efficacy phase (phase 1b) involved a se-
quential time-lagged, parallel-group, randomized, 
placebo-controlled, double-blind, single-ascend-
ing-dose trial of TY014. According to the proto-
col, we planned for up to 40 healthy adult par-
ticipants to receive a full dose of YF17D (Stamaril) 
subcutaneously before TY014 or placebo was ad-
ministered 24 hours later, across the four dose 
cohorts (2, 5, 10, and 20 mg per kilogram) in a 
1:1 ratio. Each dose cohort involved 10 partici-
pants, with 5 randomly assigned to receive TY014 
and 5 to receive placebo. We assessed safety, the 
side-effect profile, and the time to aviremia (de-
fined as an absence of YF17D viral growth in cell 
culture [negative isolation] from a blood sample 

obtained after the infusion). The trial protocol 
for phase 1b also specified a priori that if 100% 
of the participants treated with TY014 in one 
dose cohort had undetectable viremia according 
to virus isolation within 48 hours after the infu-
sion, further dose escalation would be stopped 
for futility.

Primary Outcome Measures
Safety Assessment (Phases 1a and 1b)

The primary outcome measures for the safety and 
side-effect profile of TY014 were the percentage 
of participants with adverse events occurring 
within 1 hour after the completion of the infusion 
and the percentages of participants with adverse 
events and severe adverse events throughout the 
trial, according to dose cohort. All the adverse 
events (i.e., those listed in the protocol-specified 
questionnaire and those that were reported spon-
taneously by the participants) were identified with 
the use of adverse-event data from case-report 
forms and were categorized according to the Medi-
cal Dictionary for Regulatory Activities, version 23.0, 
and graded according to the National Cancer 
Institute Common Terminology Criteria for Ad-
verse Events, version 5.0. Safety assessments also 
included the monitoring of clinical laboratory 
variables, vital signs, 12-lead electrocardiography, 
and physical examination.

Infectious Viremia (Phase 1b Only)
The anti–yellow fever virus efficacy of TY014 was 
evaluated by determining the dose at which all 
the participants tested negative for viremia as 
assessed by virus isolation within 48 hours after 
the administration of TY014. The isolation of 
YF17D was carried out with the use of a protocol 
adapted from a previously described method to 
isolate dengue virus in A. albopictus–derived C6/36 
cell cultures.15 Full details of the virus isolation 
are provided in the Supplemental Methods sec-
tion in the Supplementary Appendix.

Secondary Outcome Measures

In the phase 1a trial, the pharmacokinetic vari-
ables of TY014 were determined with the use of 
high-performance liquid chromatography–tan-
dem mass spectrometry. In the phase 1b trial, a 
previously described reverse-transcriptase–quan-
titative polymerase-chain-reaction method16 was 
used to quantify serum levels of YF17D viral 
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RNA.17 The results of this analysis were expressed 
as log10 genome copies per milliliter. Full details 
of these assessments are provided in the Supple-
mental Methods section.

Exploratory Outcome Measures

In the phase 1b trial, the NanoString Human 
Immunology V2 panel was used to measure gene 
expression from participants’ whole-blood sam-
ples, according to the manufacturer’s instructions. 
Data were then analyzed by means of NanoString 
nSolver software, version 4.0, with the use of 
hierarchical clustering according to euclidean dis-
similarity and average linkage. The bioactivity of 
circulating TY014 in serum was determined with 
the use of a plaque reduction neutralization test. 
Full details of these assessments are provided in 
the Supplemental Methods section.

Statistical Analysis

A sample of five participants in each dose cohort 
was considered to be sufficient to assess the trial 
objectives of safety and pharmacokinetics in a 
typical phase 1 design and was set empirically. 
For additional safety, a sentinel dose cohort con-
sisted of two participants who received a dose of 
0.5 mg of TY014 per kilogram along with five 
participants who received placebo. No formal 
sample-size calculation was performed, and the 
sample size did not provide the trial with suffi-
cient power to show statistical significance in 
both the safety and efficacy evaluations. Data were 
summarized according to dose cohort and, where 
appropriate, according to trial group (TY014 or 
placebo). Descriptive statistics, frequency counts, 
and percentages are presented.

The pharmacokinetic variables of TY014, such 
as the maximum concentration, the time to maxi-
mum concentration, the area under the curve 
(AUC) extrapolated to infinity, the AUC calcu-
lated from the time of administration to the last 
measurable concentration, the half-life, the vol-
ume of distribution, and clearance in serum, were 
calculated with Kinetica software, version 5.0, 
with the use of noncompartmental methods that 
were based on serum concentration–time data 
from individual participants. All the pharmaco-
kinetic variables were analyzed descriptively ac-
cording to dose cohort. Additional linear regres-
sion analysis for all dose cohorts was applied for 
the AUC and maximum concentration. We con-

ducted the efficacy analysis by comparing the 
percentage of participants in the TY014 group 
who had aviremia within 48 hours after the infu-
sion with the percentage in the placebo group.

R esult s

Characteristics of the Participants

The first participant underwent screening on 
November 29, 2018, and was enrolled on Decem-
ber 5, 2018. The trial ended on July 1, 2019. A total 
of 63 participants underwent screening, and 37 
participants were enrolled. Of these 37 partici-
pants, 27 were randomly assigned to participate 
in the phase 1a trial and 10 in the phase 1b trial. 
In the phase 1a trial, 22 participants were ran-
domly assigned to receive TY014 and 5 to receive 
placebo. In the phase 1b trial, 5 participants were 
randomly assigned to receive TY014 and 5 to re-
ceive placebo, according to the trial protocol. 
Details about the randomization and follow-up 
of the participants are provided in Figure S2. The 
demographic and clinical characteristics of the 
participants are outlined in Table S1.

Safety Outcomes

During phases 1a and 1b, adverse events within 
1 hour after the infusion were observed in 1 of 
27 participants who received TY014 and in none 
of the 10 participants who received placebo. At 
least one adverse event occurred during the trial 
in 22 participants who received TY014 and in  
8 who received placebo; at least one serious ad-
verse event occurred during the trial in 1 partici-
pant who received TY014 and in no participants 
who received placebo.

In phase 1a, among 5 participants who re-
ceived placebo, 3 adverse events were observed 
in 3 participants during the trial; among 22 par-
ticipants who received TY014, a total of 18 adverse 
events were observed in 14 participants during 
the trial. All these adverse events were graded as 
being either mild or moderate. One participant 
(in the cohort that received 10 mg of TY014 per 
kilogram) had an adverse event (phlebitis with 
fever) within 1 hour after infusion.

One serious adverse event was reported in a 
participant in the cohort that received 2 mg of 
TY014 per kilogram. This participant had asymp-
tomatic premature ventricular contractions, which 
were noted during cardiac monitoring at 2 hours 
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after infusion that had been performed as part of 
the trial protocol; the adverse event led to hospi-
talization for further medical evaluation as a sec-
ondary precaution. The participant was subse-
quently found to have an existing benign cardiac 
abnormality that had not been declared at enroll-
ment. A full listing of the adverse events reported 
during phase 1a is provided in Table S2.

In phase 1b, among 5 participants who received 
placebo, 21 adverse events were observed in all 
5 participants during the trial; among 5 partici-
pants who received TY014, a total of 9 adverse 
events were observed in 4 participants during the 
trial. All these adverse events were graded as be-
ing either mild or moderate. There was no report 
of serious adverse events in phase 1b. A full list-
ing of the adverse events reported during phase 
1b is provided in Table S4.

Pharmacokinetics Outcomes

The pharmacokinetics profile of TY014 across the 
range of doses tested is shown in Figure 1. The 
highest concentration of circulating TY014 was 
reached approximately 1.3 hours after the start of 
the infusion (Table S3). The pharmacokinetics as-

sessment revealed biphasic concentration-time pro-
files, showing a multi-exponential disposition with 
a rapid distribution phase, followed by a slower 
elimination phase (Fig. 1). The concentration of 
circulating TY014 increased in an approximately 
dose-proportional manner across all five doses 
assessed, revealing linear pharmacokinetics in 
the dose range of 0.5 to 20 mg per kilogram. The 
half-life of TY014 ranged from 6.5 to 17.5 days 
among individual participants across the five dose 
cohorts.

Clearance rates of TY014 ranged from 2.82 to 
5.98 ml per day per kilogram, with a geometric 
mean weight-adjusted clearance of 4.13 ml per day 
per kilogram. No meaningful difference was 
observed in weight-adjusted volume distribution 
across the five dose cohorts, with values ranging 
from 54.35 to 85.25 ml per kilogram and with a 
geometric mean weight-adjusted volume distri-
bution of approximately 72 ml per kilogram 
(Table S3).

Efficacy Phase

In the assessment of the primary efficacy out-
come, viremia was observed in none of the 
participants who received TY014 and in 2 of the 
5 who received placebo (i.e., virus isolation was 
negative for all 5 participants who received TY014 
and for 3 who received placebo) at 48 hours after 
the infusion (72 hours after the YF17D challenge). 
By 72 hours after the infusion (96 hours after the 
YF17D challenge), virus isolation was negative 
for only 1 participant who received placebo and 
remained negative for all participants who re-
ceived TY014 (Fig. 2A). The serum levels of YF17D 
RNA were uniformly negative in the TY014 group, 
whereas all the participants who received place-
bo were positive for YF17D RNA on day 5 after 
infusion (day 6 after the YF17D challenge) (Fig. 2B). 
Only 10 participants (those from dose cohort 1) 
were recruited in phase 1b because all 5 treated 
participants (100%) had undetectable viremia with-
in 48 hours after the TY014 infusion at a dose of 
2 mg per kilogram.

Four participants in the placebo group re-
ported a total of 14 symptoms associated with 
YF17D infection, as compared with one partici-
pant who received TY014. Neutralizing antibody 
titers against YF17D were assessed at the end of 
the trial (day 84 after receipt of the dose) by means 
of the plaque reduction neutralization test. Neu-
tralizing antibodies against YF17D developed in 

Figure 1. Pharmacokinetic Profiles of a Single Ascending Dose of TY014 in 
the Safety Phase of the Trial.

Serum samples for pharmacokinetic assessment were obtained before the 
administration of the dose; at 0.5 hours, 1 hour, and 2, 4, 8, 12, 24, 36, 48, 
72, and 120 hours; and at 7, 14, 28, 56, and 84 days (symbols). The TY014 
concentrations were natural log–transformed and are represented as the 
mathematical constant “e” on the y axis. The limit of detection (LOD) for 
the liquid chromatography–mass spectrometry method was 2 μg per milli-
liter (dashed line). The graphed lines for the cohorts that received 0.5 mg 
per kilogram or 2.0 mg per kilogram do not continue through the entire 
graph because values fell below the LOD.

TY
01

4 
C

on
ce

nt
ra

tio
n 

(µ
l/

m
l)

e7

e5

e6

e4

e3

e1

e2

e0

0 14 28 42 56 70 84

Days since Dose

0.5 mg/kg

2.0 mg/kg

5.0 mg/kg

10.0 mg/kg

20.0 mg/kg

LOD
(2 µg/ml)

The New England Journal of Medicine 
Downloaded from nejm.org at MIT LIBRARIES on September 10, 2021. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;5  nejm.org  July 30, 2020 457

Ther apeutic Anti–Yellow Fever Virus Human Antibody

all the participants who received placebo, where-
as four participants who received TY014 had un-
detectable levels of neutralizing antibodies against 
YF17D, as assessed on the plaque reduction neu-
tralization test with a 90% cutoff (PRNT90 titer, 
<10); one participant who received TY014 had a 
PRNT90 titer of 17 against YF17D (Fig. 2C). This 
finding is consistent with a previously observed 
correlation between YF17D viremia and an even-
tual neutralizing antibody titer.12

Host Response to YF17D

We also explored the effect of the administration 
of TY014 on the host response to YF17D infec-
tion. From a panel of 594 immune genes, includ-
ing 15 housekeeping genes, 24 immune genes 
were found to be differentially expressed between 
the TY014 group and the placebo group, starting 
as early as day 2 after receipt of the dose. All 

these 24 genes were consistently up-regulated 
(by a factor of up to 64) across all the participants 
and time points in the placebo group. By contrast, 
the expression of these same genes was reduced 
in the TY014 group and was even down-regulated 
in one participant in the TY014 group (Fig. S3). 
A complete heat map of all the genes analyzed 
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Figure 2. Pharmacodynamic Outcomes of TY014  
in the Efficacy Phase of the Trial.

The Kaplan–Meier plot shows the percentages of the 
participants in the TY014 group and the placebo group 
who were negative for virus isolation after the YF17D 
challenge (Panel A). TY014 or placebo was adminis-
tered to the participants 24 hours after the YF17D 
challenge (arrow). The primary efficacy outcome was 
the dose of TY014 at which 100% of the participants 
tested negative for viremia within 48 hours after infu-
sion (72 hours after the challenge). The serum level of 
YF17D RNA (measured as log10 genome copies per 
milliliter of serum) was determined with the use of re-
verse-transcriptase–quantitative polymerase-chain-re-
action testing before the challenge and at days 1.5, 2, 
2.5, 3, 4, 6, 8, and 15 after the challenge (Panel B). All 
five participants who received placebo were positive 
for viral RNA on days 6 and 8 after the YF17D chal-
lenge (days 5 and 7, respectively, after receipt of the 
infusion), with the earliest detected YF17D RNA occur-
ring on day 2 after the YF17D challenge (in three par-
ticipants on day 1 after the infusion). None of the par-
ticipants who received TY014 were positive for viral 
RNA. Neutralizing antibody titers to YF17D at 3 months 
after infection were assessed by a plaque reduction 
neutralization test (Panel C). Immunity against YF17D 
developed at the end of the trial, as an expected out-
come of vaccination, in all five participants who received 
placebo. Low immunity against YF17D (i.e., a titer of 
17 on a plaque reduction neutralization test with a 
cutoff of 90% [PRNT90]) developed in one participant 
who received TY014. None of the participants had re-
ceived YF17D previously (according to a PRNT90 titer, 
<10; dashed line) before the challenge on day 0. We 
assigned an arbitrary value of 5 to reflect PRNT90 ti-
ters that were less than 10 (dotted lines).
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and the gene expression levels (log2 counts) are 
provided in Figure S4 and Table S5, respectively.

Discussion

The lack of a therapeutic agent against yellow 
fever leaves vaccination as the only sustainable 
and effective measure to prevent the reemergence 
of epidemic yellow fever that once plagued the 
Western world.18 The imposing geographic foot-
print of A. aegypti, which is evident given the 
annual burden of dengue, also places much of 
Asia at risk for unprecedented outbreaks of yel-
low fever. The availability of a therapeutic agent 
to treat yellow fever would alleviate the stress on 
global health care systems in managing outbreaks. 
Moreover, the yellow fever vaccine is also contra-
indicated in certain population subgroups — 
namely, infants, pregnant women, the elderly, and 
immunocompromised persons. A therapeutic 
agent to treat yellow fever would thus fill gaps 
in public health that cannot be safely addressed 
by vaccination alone.

To address these issues, we embarked on a 
program to develop a therapeutic monoclonal 
antibody for yellow fever. TY014 was developed 
with the use of a computational approach to epi
tope identification and antibody engineering to 
target a highly conserved epitope on domain II 
of the yellow fever virus E protein. Although this 
epitope is a well-known neutralization target 
among flaviviruses, including related Zika and 
dengue viruses,19-21 it is conserved in yellow fever 
virus but not in other flaviviruses. TY014 neu-
tralized nonmutated yellow fever virus and the 
YF17D strain in vitro and elicited 100% protec-
tion against the YF17D strain in a lethal mouse 
model, both as prophylaxis and as therapy. To-
gether, these characteristics supported its potential 
to be an effective candidate therapy for or pro-
phylaxis against yellow fever.

We used the YF17D vaccine as a challenge 
virus to assess the intervention. The percentages 
of participants with viremia and the symptomatic 
outcomes from YF17D vaccination were both 
consistent with what have been previously re-
ported.12-14 TY014 was able to abrogate viremia 
and to reduce the incidence of YF17D-induced 
symptoms. The virologic and clinical outcomes 
were further supported by the changes in host 
response to YF17D vaccination; YF17D infection 
induces innate immune and proinflammatory re-

sponse genes in approximately half the recipi-
ents of the vaccine, and such responses underpin 
symptomatic infection.13,14 Such proinflammatory 
responses have also been found to be associated 
with severe yellow fever.22 The finding that TY014 
treatment not only lowered the percentage of 
patients with detectable viremia but also pre-
vented the induction of such innate immune and 
proinflammatory response genes, in contrast to 
the participants who received placebo, further 
supports the potential of TY014 to alter infection 
outcome. Likewise, the lack of detectable neu-
tralizing antibody at 1 month after infection 
suggests that TY014 treatment not only prevent-
ed viremia but also abrogated infection in the 
draining lymph nodes. Collectively, these findings 
suggest the potential of TY014 as a therapeutic 
monoclonal antibody to interrupt yellow fever 
pathogenesis.

The results of this small, phase 1b trial are 
preliminary, and a phase 2 trial to be conducted 
in geographic areas in which yellow fever is en-
demic is needed to assess the efficacy of TY014 
as a treatment for this disease. The peak viremia 
of YF17D on vaccination is significantly lower 
(by four to five orders of magnitude) than those 
attained by infection by nonmutated yellow fever 
virus.3 Moreover, during a clinical yellow fever 
virus infection, the administration of the dose 
would only be initiated several days after infection, 
when symptoms manifest after an incubation 
period.23 In such contexts, a higher dose of TY014 
may be needed to reduce yellow fever viremia rap-
idly and to interrupt disease progression. Be-
cause the primary outcome of 100% of the par-
ticipants testing negative for viremia was observed 
with the dose of 2 mg per kilogram, the evalua-
tion of the effects of higher doses of TY014 was 
not conducted in the present trial, as prespeci-
fied in the protocol. The findings of this trial 
justify the further development of TY014 as a 
prophylaxis against or postexposure treatment 
for yellow fever.

After the reports of outbreaks of yellow fever 
in South America in 2017 and 2018, we embarked 
in mid-March 2018 to develop TY014 against yel-
low fever in preparation for a potential outbreak 
in 2019. The average industry standard from 
DNA sequencing of the monoclonal antibody to 
the filing of an IND application is approximate-
ly 18 to 20 months. To be ready for a potential 
start of a 2019 outbreak in Brazil in January 
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2019, we set ourselves a goal of having material 
for studies involving humans in approximately 
9 months. We were able to get from the mono-
clonal antibody candidate to the filing of the 
IND application in 7 months and started the 
trial in December 2018 as planned. This time-
frame was possible because of a development 
process we had put in place that carefully moni-
tored product quality and correlated product qual-
ity with safety toxicologic and pharmacokinetic 
studies using redundant orthogonal analytic 
methods. This approach enabled a rapid-response 
strategy of producing a clinical batch of TY014 
within 5 months after the initial transfection. 
This phase 1a–1b trial was completed within ap-
proximately 7 months, between the receipt of regu-
latory approval (November 26, 2018) and the last 
visit of a participant (July 1, 2019).

Many of the elements of the rapid-response 
strategy that we used can be extended to other 

infectious disease indications. The integration of 
drug discovery, innovative manufacturing pro-
cesses, and adaptive clinical studies as presented 
here can reduce timelines for the production of 
antibody biologic agents for potential pandemic 
response such as what we are currently encoun-
tering with coronavirus disease 2019 (Covid-19). 
We anticipate that with these advancements, a 
rapid-response platform that can enable sequence-
to-clinic translation of promising antibody bio-
logic agents within 3 months is feasible.
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