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Designing a mRNA vaccine for 
dengue – key considerations



through the production of antibody. Another important 
feature of vaccine-induced protection is the induction 
of immune memory. Vaccines are usually developed to 
prevent clinical manifestations of infection. However, 
some vaccines, in addition to preventing the disease, 
may also protect against asymptomatic infection or col-
onization, thereby reducing the acquisition of a patho-
gen and thus its onward transmission, establishing herd 
immunity. Indeed, the induction of herd immunity is 
perhaps the most important characteristic of immuni-
zation programmes, with each dose of vaccine protect-
ing many more individuals than the vaccine recipient. 
Some vaccines may also drive changes in responsiveness 

to future infections with different pathogens, so called 
non-specific effects, perhaps by stimulating prolonged 
changes in the activation state of the innate immune 
system.

Immune memory. In encountering a pathogen, the 
immune system of an individual who has been vaccinated 
against that specific pathogen is able to more rapidly and 
more robustly mount a protective immune response. 
Immune memory has been shown to be sufficient for 
protection against pathogens when the incubation period 
is long enough for a new immune response to develop 
(FIG. 4a). For example, in the case of HBV, which has an 
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Fig. 3 | The generation of an immune response to a vaccine. The immune response following immunization with a 
conventional protein antigen. The vaccine is injected into muscle and the protein antigen is taken up by dendritic cells, 
which are activated through pattern recognition receptors (PRRs) by danger signals in the adjuvant, and then trafficked  
to the draining lymph node. Here, the presentation of peptides of the vaccine protein antigen by MHC molecules on  
the dendritic cell activates T cells through their T cell receptor (TCR). In combination with signalling (by soluble antigen) 
through the B cell receptor (BCR), the T cells drive B cell development in the lymph node. Here, the T cell-dependent B cell 
development results in maturation of the antibody response to increase antibody affinity and induce different antibody 
isotypes. The production of short-lived plasma cells, which actively secrete antibodies specific for the vaccine protein, 
produces a rapid rise in serum antibody levels over the next 2 weeks. Memory B cells are also produced, which mediate 
immune memory. Long-lived plasma cells that can continue to produce antibodies for decades travel to reside in bone 
marrow niches. CD8+ memory T cells can proliferate rapidly when they encounter a pathogen, and CD8+ effector T cells 
are important for the elimination of infected cells.

Immune memory
The capacity of the immune 
system to respond quicker  
and more effectively when a 
pathogen is encountered again 
after an initial exposure that 
induced antigen-specific B cells 
and T cells.

Incubation period
The period from acquisition of 
a pathogen to the development 
of symptomatic disease.
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Immune response to vaccination
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Efficacy of the SARS-CoV-2 
mRNA vaccines

Polack, NEJM, 2020

Vaccine efficacy of 95% (95% CI, 90.3% - 97.6%)Vaccine efficacy of 94.1% (95% CI, 89.3% - 96.8%)

Baden, NEJM, 2021
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Antibody and T cell epitopes for SARS-CoV-2

Grifoni, Cell Host Microbe, 2021
Lamers, Nat Rev Microbiol., 2022
Murray, Nat Rev Immunol., 2022
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Neutralizing antibodies are 
primarily directed against spike 
and nucleocapsid.

Structural proteins (S, M, N) are 
dominant targets of T cell 
responses
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Neutralizing Ab vs. T cells: Common goal but different roles
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Learning about dengue immunity 
from clinical trials



Immunodominant 
proteins of DENV

Ooi and Kalimuddin, Sci Transl Med 2023

Dengvaxia

Qdenga

Molecular 
constructs of 3 
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dengue vaccines
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than in those with a seronegative status (83.7% 
vs. 43.2%). Differences in efficacy according to 
country are probably explained by differences in 
baseline antibody levels and in serotype circula-
tion.23

The efficacy results reported here are consis-
tent with those of the similarly designed Asian 
trial.8 In the two studies, efficacy was higher 
against serotypes 3 and 4 than against serotypes 
1 and 2. In Asia, efficacy against serotype 2 was 
35% after the third injection, which was not sig-
nificant in comparison with placebo, whereas in 
our study, the point estimate was 42.3 and was 
significant. In the two trials, point estimates of 
efficacy were similar in per-protocol and inten-
tion-to-treat analyses (60.8% and 64.7%, respec-
tively, in our study, as compared with 56.5% and 
54.8%, respectively, in Asia).

Different efficacy estimates between children 
with seropositive status and those with sero-
negative status at baseline were also observed in 
the two studies. As previously reported, post-vac-
cination geometric mean antibody titers differed 
significantly according to baseline serostatus, a 
factor that may have contributed to the differ-
ence in efficacy.14 Efficacy in the small subgroup 
of children who had seronegative status at base-

line was 43.2%, which was not significant in 
comparison with placebo but was similar to that 
in the Asian study (35.5%). Moreover, the vac-
cine’s safety profile showed no clinically signifi-
cant difference according to serostatus during 
the observation period, although the power to 
detect severe disease among children with sero-
negative status was limited. This consistency 
between the twin efficacy studies is important, 
given the epidemiologic differences between and 
within the regions.

In our study, the estimated efficacy between 
injections suggests that some protection may be 
provided by the first injection. However, the sec-
ond and third vaccinations increased antibody 
responses in the children without previous expo-
sure to dengue, which might also have increased 
the quality of the antibody response (e.g., avidi-
ty) and the duration of protection. Planned in-
vestigations of the mechanisms of protection 
afforded by CYD-TDV in regions where the dis-
ease is endemic may improve our understanding 
of the contribution of each dose to protection.

The single-center phase 2b study in Thailand 
provided the first useful insights into the perfor-
mance of the vaccine. In particular, it provided 
the first evidence that efficacy varied according 

Table 3. Serotype-Specific Vaccine Efficacy.

Variable Vaccine Group Control Group
Vaccine Efficacy 

(95% CI)

Cases
Person-Yr

at Risk
Incidence Density

(95% CI) Cases
Person-Yr

at Risk
Incidence Density

(95% CI)

no. no./100 person-yr no. no./100 person-yr %

Modified per-protocol analysis*

Serotype 1 66 12,478 0.5 (0.4–0.7) 66 6,196 1.1 (0.8–1.4) 50.3 (29.1–65.2)

Serotype 2 58 12,495 0.5 (0.4–0.6) 50 6,219 0.8 (0.6–1.1) 42.3 (14.0–61.1)

Serotype 3 43 12,514 0.3 (0.2–0.5) 82 6,213 1.3 (1.1–1.6) 74.0 (61.9–82.4)

Serotype 4 18 12,522 0.1 (0.1–0.2) 40 6,206 0.6 (0.5–0.9) 77.7 (60.2–88.0)

Unknown 6 12,540 <0.1 (0.0–0.1) 3 6,268 <0.1 (0.0–0.1) 0.0 (−517.8–78.6)

Intention-to-treat analysis

Serotype 1 99 27,016 0.4 (0.3–0.4) 109 13,434 0.8 (0.7–1.0) 54.8 (40.2–65.9)

Serotype 2 84 27,035 0.3 (0.2–0.4) 84 13,461 0.6 (0.5–0.8) 50.2 (31.8–63.6)

Serotype 3 55 27,060 0.2 (0.2. 0.3) 106 13,459 0.8 (0.6–1.0) 74.2 (63.9–81.7)

Serotype 4 32 27,063 0.1 (0.1–0.2) 83 13,442 0.6 (0.5–0.8) 80.9 (70.9–87.7)

Unknown 15 27,079 <0.1 (0.0–0.1) 14 13,514 0.1 (0.1–0.2) 46.5 (−19.6–75.9)

* The modified per-protocol analysis was performed at least 28 days after the third injection in all participants who had received three doses, 
regardless of protocol deviations.
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fever was 80·0% (95% CI 52·7–92·4) after one or more 
injections (intention-to-treat population), and 88·5% 
(58·2–97·9) after three injections. Four additional cases 
in the vaccine group that were not classed as dengue 
haemorrhagic fever (two had <2 days of fever and one of 
these and two others presented with clinical shock 
without fever manifestations) were classed as clinically 
severe according to the independent data monitoring 
committee defi nition, and the corresponding vaccine 
effi  cacy was 70·0% (95% CI 35·7–86·6) after one or more 
injections (intention-to-treat population), and 80·8% 
(42·7–94·7) after three injections.

Breakthrough episodes of virologically confi rmed 
dengue were milder in participants in the vaccine group 
than in those in the control group (intention-to-treat 
population; appendix). The proportion of episodes 
leading to hospital admission, and the median duration 
of admission for virologically confi rmed dengue, were all 

lower in participants in the vaccine group than in those in 
the control group (appendix). 40 (<1%) of 6848 vaccine 
recipients and 61 (2%) of 3424 placebo recipients were 
admitted to hospital for virologically confi rmed dengue, 
giving a vaccine effi  cacy of 67·2% (95% CI 50·3–78·6) 
against hospitalised dengue. Clinical signs of plasma 
leakage were reported for two (<1%) participants in the 
vaccine group and 12 (<1%) participants in the control 
group (RR 0·18, 95% CI 0·02–0·82) and thrombocytopenia 
(platelet count ≤50 × 10⁹/L) was reported for eight (<1%) 
and 30 (1%) participants, respectively (RR 0·29, 
95% CI 0·12–0·65).

We recorded 647 serious adverse events (402 in the 
vaccine group and 245 in the control group). 
575 participants had one or more serious adverse event: 
(table 4). 54 (1%) participants in the vaccine group and 
33 (1%) of those in the control group had serious adverse 
events that happened within 28 days of vaccination. 

Vaccine group (N=6848) Control group (N=3424) Vaccine effi  cacy
(% [95% CI])

Cases*
(n)

Person-years 
at risk†

Incidence density‡
(95% CI)

Cases
(n)

Person-years 
at risk

Incidence density
(95% CI)

Primary analysis (per-protocol)§ 117 6526 1·8 (1·5–2·1) 133 3227 4·1 (3·5–4·9) 56·5% (43·8–66·4)

Intention-to-treat analysis¶ 286 13 571 2·1 (1·9–2·4) 309 6623 4·7 (4·2–5·2) 54·8% (46·8–61·7)

Defi ned as a fi rst episode of virologically confi rmed dengue by either dengue non-structural protein 1 antigen ELISA, dengue screen PCR, or a serotype-specifi c PCR. †The 
cumulative time (in years) until the participant was diagnosed with virologically confi rmed dengue or until the end of the active follow-up period, whichever came fi rst. The 
person-years at risk presented in the tables is the sum of individual units of time for which the participants contributed to the analyses. ‡Calculated as the number of cases 
divided by the cumulative person-years at risk. §Per-protocol effi  cacy population included participants who received three injections, according to protocol, and did not 
present with any of the criteria in a pre-specifi ed list (appendix); virologically confi rmed dengue occurring at least 28 days after the third injection. ¶Intention-to-treat 
effi  cacy population included all participants who received at least one injection, and participants were analysed in the group to which they were randomised, irrespective of 
per-protocol criteria; virologically confi rmed dengue occurring from baseline.

Table 2: Effi  cacy of CYD-TDV vaccination against symptomatic, virologically-confi rmed dengue due to any serotype

Vaccine group (N=6848) Control group (N=3424) Vaccine effi  cacy
(% [95% CI])

Cases*
(n)

Person-years 
at risk†

Incidence density‡
(95% CI)

Cases
(n)

Person-years 
at risk

Incidence density
(95% CI)

Effi  cacy against VCD, more than 28 days after third injection in all participants who had received three injections

Serotype 1 51 6548 0·8 (0·6 to 1·0) 50 3210 1·6 (1·2 to 2·0) 50·0% (24·6 to 66·8)

Serotype 2 38 6561 0·6 (0·4 to 0·8) 29 3253 0·9 (0·6 to 1·3) 35·0% (−9·2 to 61·0)

Serotype 3 10 6613 0·2 (0·1 to 0·3) 23 3281 0·7 (0·4 to 1·1) 78·4% (52·9 to 90·8)

Serotype 4 17 6605 0·3 (0·2 to 0·4) 34 3265 1·0 (0·7 to 1·5) 75·3% (54·5 to 87·0)

Unserotyped 2 6634 <0·1 (0·0 to 0·1) 3 3309 <0·1 (0·0 to 0·3) 66·7% (−190·3 to 97·2)

Effi  cacy against VCD, from baseline in all participants who had received at ≥1 injection (intention to treat)

Serotype 1 116 13 742 0·8 (0·7 to 1·0) 126 6796 1·9 (1·5 to 2·2) 54·5% (40·9 to 64·9)

Serotype 2 97 13 766 0·7 (0·6 to 0·9) 74 6856 1·1 (0·8 to 1·4) 34·7% (10·4 to 52·3)

Serotype 3 30 13 835 0·2 (0·1 to 0·3) 43 6895 0·6 (0·5 to 0·8) 65·2% (43·3 to 78·9)

Serotype 4 40 13 826 0·3 (0·2 to 0·4) 72 6874 1·0 (0·8 to 1·3) 72·4% (58·8 to 81·7)

Unserotyped 7 13 858 <0·1 (0·0 to 0·1) 8 6926 0·1 (0·0 to 0·2) 56·3% (−38·0 to 86·5)

*Defi ned as a fi rst episode of VCD by either dengue non-structural protein 1(NS1) antigen ELISA, dengue screen PCR, or a serotype-specifi c PCR. Unserotyped cases were those 
that were positive in either the dengue NS1 antigen ELISA, or the dengue screen PCR, but negative in the serotype-specifi c. †The cumulative time (in years) until the 
participant was diagnosed with VCD or until the end of the active period, whichever came fi rst. The person-years at risk presented in the tables is the sum of individual units of 
time for which the participants contributed to the analyses. ‡Calculated as the number of cases divided by the cumulative person-years at risk.

Table 3: Serotype-specifi c vaccine effi  cacy against symptomatic, virologically-confi rmed dengue (VCD), irrespective of protocol deviations

Capeding et al, Lancet 2014

Villar et al, NEJM 2015

CYD-TDV 
showed low to 
no efficacy 
against DENV2



CYD-TDV – increased risk of dengue hospitalization in 
seronegative individuals

Sridhar et al, NEJM 2018

CYD-TDV is now only licensed for use in DENV-seropositive individuals 
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DENV-2
DENV-1
DENV-3
DENV-4

DENV-2

DENV-1
DENV-3
DENV-4

NAb titers following TAK003 vaccination

Rivera et al, Clin Infect Dis 2022
Highest efficacy against DENV-2



Cumulative efficacy at 3 years of follow up

Placebo TAK003 Efficacy % (95% CI)

Seropositive
DENV1
DENV2
DENV3
DENV4
Overall

(n=4,854)
130
124
95
15

358

(n=9663)
114
42
94
12

262

56.2 (43.7-66.0)
83.4 (76.4-88.3)
52.3 (36.6-64.2)
60.7 (16.0-81.6)
65.0 (58.9-70.1)

Seronegative
DENV1
DENV2
DENV3
DENV4
Overall

(n=1,832)
66
55
15
2

136

(n=3714)
77
9

36
8

128

43.5 (21.5-49.3)
91.9 (83.6-96.0)
-23.4 (-125.3 to 32.4)
-105.5 (-867.5 to 56.4)
54.3 (41.9-64.1)

Rivera et al, Clin Infect Dis 2022
No efficacy against DENV-3 in seronegative individuals



Virologically-confirmed dengue Hospitalized dengue

Vaccine efficacy sustained over long-term follow up

Data from Takeda



Ooi and Kalimuddin, Sci Transl Med 2023

Dengvaxia

Qdenga



TV003 generated type 
specific neutralizing 
antibodies to all four 
DENVs
Nivarthi et al, Nat Commun 2021

16/21 (76%) subjects had type specific 
nAbs to 3 or 4 DENV serotypes

• Good overall efficacy, 
DENV1 > DENV2

• Pending efficacy against 
DENV-3 and DENV-4

https://butantan.gov.br/noticias/butantan%27s-dengue-vaccine-has-79.6-efficacy-partial-results-from-2-year-follow-up-show
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Neutralizing ab 
alone may not 
reliably inform 
vaccine efficacy



Different immunity thresholds 
for the 4 DENVs



6 DENV1 cases vs 13 
PCR neg contacts

6 DENV4 cases vs 9 
PCR neg contacts

5 DENV2 cases vs 10 
PCR neg contacts

Protection against 
DENV2 requires 
high nAb titers

Buddhari et al, PLoS Negl Trop Dis 2014 



Higher post-
vaccination 
neutralizing 
antibody titers 
needed to protect 
against 
symptomatic 
DENV-2 infection 
(CYD14 trial)

Moodie et al, J Infect Dis 2018



Why is the threshold for immunity 
against DENV2 the highest?



Salje et al, Nature 2018

Limited range of pre-infection antibody titer is associated with risk of 
severe dengue



ADE requires a Goldilocks effect

Right virus 
Right amount of antibodies
Engaging the right receptors

Chan et al, PNAS 2011
Chan, Ong et al, PNAS 2014
Robinson et al, Cell 2015
Chan et al, Nat Microbiol 2016
Gan et al, EMBO J 2017
Ong et al, Sci Rep 2017
Chan C et al, mSphere 2019

Ooi and Kalimuddin, Sci Transl Med 2023



Antibody-enhanced infection benefits DENV-2 and -4

Clapham et al PLoS Negl Trop Dis 2015

[Maternal Ab]

[Pre-existing Ab]

7x <1x



Secondary DENV2 shows greatest increase in risk of severe dengue

Vuong et al, Clin Infect Dis 2021



Protective role of T cells in dengue



Increased T cell activation during 
viremia phase is associated with 
asymptomatic DENV infection
Increased plasma cell differentiation -> clinical dengue

Simon-Loriere et al, Sci Transl Med 2017

ASD: Asymptomatic dengue
CD: Clinical dengue



T cells but not antibodies terminate DENV infection
Brief Report

Persistent Dengue Infection in an
Immunosuppressed Patient Reveals the Roles of
Humoral and Cellular Immune Responses in Virus
Clearance
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d Dengue virus infection persisted in a lymphopenic renal

transplant patient

d RNAemia and viruria lasted 4 and 9 months, respectively,

despite detectable antibodies

d Viruria only resolvedwhen CD8+ count increased to the lower

limit of normal
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In Brief
Examining a lymphopenic kidney

transplant patient presented with dengue

virus (DENV) infection, Ng et al. observed

that the virus persisted in blood and urine

despite detectable antibodies. Full

resolution of DENV infection coincided

with recovery of CD8+ counts, suggesting

a role of cellular immunity in sterilizing

dengue virus infection.

Ng et al., 2019, Cell Host & Microbe 26, 1–5
November 13, 2019 ª 2019 Elsevier Inc.
https://doi.org/10.1016/j.chom.2019.10.005

prednisolone, tacrolimus, and mycophenolate. She remained
dialysis dependent until 5 weeks post-transplant when her urine
output improved significantly. Her serum creatinine continued to
decline, and by 8 weeks post-transplant, it reached a baseline of
133 mmol/L.
11 weeks post-transplantation in July 2015, she was admitted

with fever for 3 days with new-onset generalized joint pains,
myalgia, and diarrhea. There was no headache, rash, hematuria,
or retro-orbital pain. On examination, her blood pressure was
99/65 mmHg with postural tachycardia, although there was no
clinical or laboratory evidence of capillary leakage. She tested
positive for DENV non-structural protein 1 (NS1) antigen using
a commercially available ELISA (Bio-Rad, Hercules, CA, USA)
on day 3 post-fever onset. Real-time RT-PCR on the same blood
sample detected DENV3 RNA using a previously described and
validated method (Tambyah et al., 2008). Both dengue immuno-
globulin (Ig)M and IgG serology were negative at presentation,
suggesting a primary DENV3 infection.
Her serum creatinine rose from a baseline of 132 mmol/L to a

peak of 180 mmol/L on day 4 of her illness but improved with hy-
dration to a nadir of 87 mmol/L by day 5. Her platelet count
reached a nadir of 88 3 109/L on day 4 and normalized by day
10 (Figure S1A). Total white-cell and lymphocyte counts were
low even before the start of her illness due to immunosuppres-
sive therapy (Figures S1B and S1C). There was neither coagul-
opathy nor transaminitis nor hypoalbuminemia. No hemorrhagic
manifestation or any indication of capillary leakage (Figure S1D)
was detected throughout her acute illness. The fever lasted for
13 days, while her joint pains, muscle aches, and diarrhea
resolved by day 8 post-illness onset. During this period of acute
illness, mycophenolate was discontinued because of concerns
of severe infection in an overtly immunosuppressed transplant
recipient (Tan et al., 2005). She was thus only maintained on
prednisolone and tacrolimus, with a view to reinstate mycophe-
nolate upon complete convalescence from acute dengue.
Follow-up monitoring after hospital discharge, however, re-

vealed that despite complete symptom resolution and normal
platelet count, blood samples from our patient remained
DENV3 RT-PCR positive even at 4 months post-infection (Fig-
ure 1); serum DENV NS1 antigen was negative when tested at
4 months post-infection. Despite the positive DENV3 RNA
finding, two separate attempts to isolate the virus from serum
samples taken at month 4 post-infection onward, when the
investigation of this case extended from a routine diagnostic to
a dengue research laboratory, proved futile. The unsuccessful vi-
rus isolation despite detectable RNAemia may be explained by
the presence of DENV3-neutralizing antibodies in serum sam-
ples taken at month 4 and later following acute dengue (Fig-
ure 1A). This finding suggests that the antibody response
neutralized DENV3 and prevented the virus from infecting new
susceptible cells. However, neutralizing antibodies appeared
inadequate for sterilizing the nidus of infection. Likewise, the

Figure 1. DENV Persistence in Serum and Urine Samples Collected
from Our Patient Were Associated with Low CD4+ and CD8+ T Cell
Counts Despite Detectable Levels of Neutralizing DENV3 Antibodies
and Normal Levels of NK Cell Counts
(A) DENV3 PRNT50 titers in serum samples collected before (pre) and at

various months after acute dengue (0–11 months). Dotted line indicates

detection limit.

(B and C) (B) CD56+ and (C) CD16+ cell counts at 6, 7, and 11 months after

acute dengue. Dotted lines indicate lower limit of normal CD56+ and CD16+

cell counts.

(D and E) (D) CD4+ and (E) CD8+ T cell counts before (pre) and at various

months after acute dengue (0–11 months). Dotted lines indicate lower limits of

normal CD4+ and CD8+ cell counts, respectively.

(F) Results of corresponding virological investigations in the serum and urine

samples. ‘‘+’’ indicates positive detection, ‘‘!’’ indicates negative detection,

and ‘‘o’’ indicates not done.
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prednisolone, tacrolimus, and mycophenolate. She remained
dialysis dependent until 5 weeks post-transplant when her urine
output improved significantly. Her serum creatinine continued to
decline, and by 8 weeks post-transplant, it reached a baseline of
133 mmol/L.
11 weeks post-transplantation in July 2015, she was admitted

with fever for 3 days with new-onset generalized joint pains,
myalgia, and diarrhea. There was no headache, rash, hematuria,
or retro-orbital pain. On examination, her blood pressure was
99/65 mmHg with postural tachycardia, although there was no
clinical or laboratory evidence of capillary leakage. She tested
positive for DENV non-structural protein 1 (NS1) antigen using
a commercially available ELISA (Bio-Rad, Hercules, CA, USA)
on day 3 post-fever onset. Real-time RT-PCR on the same blood
sample detected DENV3 RNA using a previously described and
validated method (Tambyah et al., 2008). Both dengue immuno-
globulin (Ig)M and IgG serology were negative at presentation,
suggesting a primary DENV3 infection.
Her serum creatinine rose from a baseline of 132 mmol/L to a

peak of 180 mmol/L on day 4 of her illness but improved with hy-
dration to a nadir of 87 mmol/L by day 5. Her platelet count
reached a nadir of 88 3 109/L on day 4 and normalized by day
10 (Figure S1A). Total white-cell and lymphocyte counts were
low even before the start of her illness due to immunosuppres-
sive therapy (Figures S1B and S1C). There was neither coagul-
opathy nor transaminitis nor hypoalbuminemia. No hemorrhagic
manifestation or any indication of capillary leakage (Figure S1D)
was detected throughout her acute illness. The fever lasted for
13 days, while her joint pains, muscle aches, and diarrhea
resolved by day 8 post-illness onset. During this period of acute
illness, mycophenolate was discontinued because of concerns
of severe infection in an overtly immunosuppressed transplant
recipient (Tan et al., 2005). She was thus only maintained on
prednisolone and tacrolimus, with a view to reinstate mycophe-
nolate upon complete convalescence from acute dengue.
Follow-up monitoring after hospital discharge, however, re-

vealed that despite complete symptom resolution and normal
platelet count, blood samples from our patient remained
DENV3 RT-PCR positive even at 4 months post-infection (Fig-
ure 1); serum DENV NS1 antigen was negative when tested at
4 months post-infection. Despite the positive DENV3 RNA
finding, two separate attempts to isolate the virus from serum
samples taken at month 4 post-infection onward, when the
investigation of this case extended from a routine diagnostic to
a dengue research laboratory, proved futile. The unsuccessful vi-
rus isolation despite detectable RNAemia may be explained by
the presence of DENV3-neutralizing antibodies in serum sam-
ples taken at month 4 and later following acute dengue (Fig-
ure 1A). This finding suggests that the antibody response
neutralized DENV3 and prevented the virus from infecting new
susceptible cells. However, neutralizing antibodies appeared
inadequate for sterilizing the nidus of infection. Likewise, the

Figure 1. DENV Persistence in Serum and Urine Samples Collected
from Our Patient Were Associated with Low CD4+ and CD8+ T Cell
Counts Despite Detectable Levels of Neutralizing DENV3 Antibodies
and Normal Levels of NK Cell Counts
(A) DENV3 PRNT50 titers in serum samples collected before (pre) and at

various months after acute dengue (0–11 months). Dotted line indicates

detection limit.

(B and C) (B) CD56+ and (C) CD16+ cell counts at 6, 7, and 11 months after

acute dengue. Dotted lines indicate lower limit of normal CD56+ and CD16+

cell counts.

(D and E) (D) CD4+ and (E) CD8+ T cell counts before (pre) and at various

months after acute dengue (0–11 months). Dotted lines indicate lower limits of

normal CD4+ and CD8+ cell counts, respectively.

(F) Results of corresponding virological investigations in the serum and urine

samples. ‘‘+’’ indicates positive detection, ‘‘!’’ indicates negative detection,

and ‘‘o’’ indicates not done.
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SUMMARY

Detailed understanding of the roles of humoral and
cellular immune responses in sterilizing dengue virus
(DENV) infection in humans is required to inform
effective vaccine development.We report an unusual
case of persistent DENV infection in a lymphopenic
renal transplant recipient who was therapeutically
immunosuppressed to prevent organ rejection.
Following resolution of symptomatic dengue, this
patient remained positive for DENV3 RNA in the
blood for 4 months and viruric up to 9 months post-
infection despite demonstrable levels of serum
neutralizing antibodies throughout this period. Full
resolution of DENV infection instead coincided with
recovery of CD8+ T cell counts during reversal from
lymphopenia. Taken collectively, our observations
suggest a role for cellular immunity in sterilizing
DENV infection in humans. Any dengue vaccine
should thus be able to induce both humoral and
cellular immunity that respectively prevent symp-
tomatic infection and enable effective viral clearance.

Dengue is a mosquito-borne disease that is endemic throughout
the tropical world and now encroaching into subtropical regions.
Infection with any of the four dengue viruses (DENVs) is thought
to result in 100 million cases of acute dengue annually, some of
which progress to life-threatening severe dengue (Bhatt et al.,
2013). Development of a preventative vaccine against dengue
has been challenging largely due to the lack of well-established
correlates of protection against either acute disease or infection.
In the absence of an animal model that accurately reproduces
the important clinical features of dengue in humans, establish-
ment of such correlates must rely on clinical observations.
Virus-neutralizing antibodies that develop following infection

or vaccination have been assumed to correlate with protection

from subsequent infection with the homologous DENV serotype.
However, phase 2b and 3 clinical trials of the recently licensed
chimeric yellow-fever-dengue tetravalent dengue vaccine
(CYD-TDV) have observed an overall vaccine efficacy of only
54% despite the induction of neutralizing antibodies against all
four DENV serotypes in over 90% of vaccinated subjects (Ca-
peding et al., 2014; Hadinegoro et al., 2015; Sabchareon et al.,
2012; Sridhar et al., 2018; Villar et al., 2015). This lower-than-ex-
pected efficacy is now thought to be due to the lack of CD8+
T cell epitopes for most of the DENV serotypes in the CYD-
TDV construct (Rothman et al., 2015). Mouse models have
shown that T cells can contribute to protection against hetero-
typic reinfection in situations where humoral responses alone
may not be protective, although these observations may be
unique to the Venezuelan equine encephalitis virus vector-based
dengue viral replicon-particle construct used in the study (Zell-
weger et al., 2013) or even infection in mice (Zellweger et al.,
2015). The roles that B and T cell responses play in protecting
against dengue in humans thus remain unclear. We report here
a case of dengue in a kidney transplant recipient where infection
remained persistent for up to 9 months following fever onset
despite development of neutralizing antibodies. Instead, clear-
ance of infection occurred when CD8+ T cell count, which had
been suppressed since transplantation to prevent graft rejection,
climbed to near the normal limit.
Our case is a 23-year-old female Malay Singaporean who had

background systemic lupus erythematosus from the age of 14
and subsequently developed severe lupus nephritis. In April
2015, she received an unrelated live-donor kidney transplant.
The donor was afebrile and asymptomatic, and the blood sample
was negative for DENV reverse-transcriptase polymerase chain
reaction (RT-PCR) at the point of transplantation. Our patient
received basiliximab (anti-CD25 antibody) and methylpredniso-
lone at induction. However, because of severe delayed graft
function, anti-thymocyte globulins at a cumulative dose of
11 mg/kg was added to her treatment regime from the 2nd to
11th day post-transplant. She was subsequently maintained on
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Lack of robust DENV-specific T cell responses may account for 
reduced efficacy of Dengvaxia 

In dengue-naïve vaccinees:
• Dengvaxia induces strong CD8+ T cell 

responses against YF17D-NS3
• Muted cross-reactive CD8+ T cell responses 

against DENV NS3

Vaccine 2008

Majority of CD8+ T cell epitopes are found 
on NS-proteins 



DENV-1 DENV-2 DENV-3 DENV-4

T cells from TAK003 vaccination react against all 4 DENVs

Tricou et al, Vaccine 2022

Comparable levels 
of DENV-specific T 
cells regardless of 
CMI positivity at 
baseline

Highest frequency 
of T cells against 
DENV-2, then 
DENV-1



supporting this observation (20). We observed that after tetrava-
lent vaccination the induction of responses predominantly target-
ing the nonstructural proteins NS3 and NS5, which are also pref-
erentially targeted in natural DENV infection (9, 21, 22). This has
potential relevance in the context of the insufficient protection
against all four serotypes by the most advanced tetravalent den-
gue-yellow fever chimeric virus vaccine, in which DENV non-
structural proteins are absent (23).

The focus of responses toward conserved epitopes was some-
what unexpected. In the tetravalent vaccination setting, viruses of
all four serotypes are administered simultaneously and thus differ
from natural secondary infections, where the different serotypes
are usually encountered sequentially. It is possible that the 4-fold
greater representation of epitopes with conserved sequences over

serotype-specific ones also influences immune dominance. It has
been reported previously that natural secondary infection is asso-
ciated with the immunodominance of responses toward NS pro-
teins, especially NS3, with conserved epitopes in those regions (21,
22). We previously reported a protective role for CD8! T cells
focusing on conserved regions upon secondary heterologous in-
fection (9). Although primary infection with one serotype induces
mostly serotype specific T cell responses and only short-term
cross-protection against other serotypes, the evolution of second-
ary T cell responses toward conserved regions likely contributes to
the general protection against tertiary DENV infections (24, 25).

Influenza virus is another RNA virus associated with a high
degree of sequence variation. It has been shown that cross-reactive
cytotoxic T cells recognizing conserved epitopes across viral sub-

FIG 2 The immune response induced by tetravalent vaccination is targeted against highly conserved proteins and displays a multifunctional effector memory
phenotype. (A) Responses detected in study participants vaccinated with tetravalent DLAV (TV003) are shown. Responses are expressed as the number of
IFN-"-secreting cells per 106 PBMC. (B) Analysis of conservancy of the epitopes identified. The relative response by epitopes derived from serotype-specific
regions (white pie chart) or regions conserved between serotypes (black pie chart) is shown. The right panel shows the number of serotypes in which the responses
are conserved. (C) Gating strategy for phenotype and cytokine profiling of responding cells. (D and E) PBMC from tetravalent vaccinees (n # 4) were incubated
with HLA-matched epitope pools and assayed for the production of IFN-" and TNF-$ as described in Materials and Methods. Each sample was stained
additionally with antibodies against CD45RA and CCR7 to determine the proportion of cells in the following subsets: CCR7% CD45RA% TEM (effector memory
T cells), CCR7! CD45RA% TCM (central memory T cells), CCR7! CD45RA! TN (naive T cells), and CCR7% CD45RA! TEMRA (effector memory T cells
reexpressing CD45RA). The relative distribution of T cell subsets within the IFN-" positive cells is shown (D), as well as CD8! T cells positive for one of the
cytokines (E; IFN-", !; TNF-$, ") or double positive for both cytokines (E; Œ). Stimulated frequencies are shown as net frequencies with the baseline levels
subtracted (cytokine production of stimulated CD8! T cells minus that of unstimulated CD8! T cells).

Weiskopf et al.
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T cells induced by TV003 vaccination target conserved epitopes 
on non-structural proteins 

Weiskopf et al, J Virol 2015

T cell responses to TV003 mirror secondary DENV infection 



Summary

• DENV1-4 are not monolithic
• Neutralizing antibodies do not reliably inform on vaccine efficacy
• T cells protect
• mRNA vaccine design?
• Incorporate structural and NS proteins to induce B and T cell immunity
• ?-valent formulation?

• Combination with other vaccinations (TAK003/TV003) to full 
protection?


