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Place and
reference

Puerto Rico (58)

Nicaragua (59)

Nicaragua
(39, 41, 42)

Nicaragua (40)

Peru (52)

Brazil (38)

Thailand (26)

Thailand (27)
Thailand (30)

Thailand (45)

Thailand (32)

Thailand (29)

Thailand (60)

Thailand (28)

Vietnam (35)

Vietnam (44)

Indonesia (37)

Indonesia (36)

Philippines
(46, 47)

Multi-centric (43)

Virus (years)

DENV-4 (1982)

DENV-1 and DENV-2
(2001-2003)

DENV-1 (2004-2005); DENV-2
(2006-2008); DENV-3
(2008-2010)

DENV-2 (2006-2007)

DENV-1 and -2 (1999-2001);
DENV-3 (2002-2028); DENV-4
(2008-2011)

DENV-2 and DENV-3
(2007-2008)

DENV-1-4 (1980-1981)

DENV-1-4 (1998-1999)

DENV-1-4 (1998-2002)

DENV serotype not known
(2000-2001)

DENV-4 (2004-2005) and
DENV-1 (2006-2007)

DENV-4 (2004-2005)
DENV-1 (2001)

DENV-1 (2000-2001); DENV-2
(2002)

DENV-2 (2004-2005); DENV-1
(2006-2007)

DENV-1 dominant

DENV-1-4 (2001-2003)

DENV-1-4 (2000-2002)

DENV-3 and DENV-2
(2007-2009)

DENV-1, -2, -3 (2006-2007)
Southeast Asia

DENV-1, -3 (2006-2007) Latin
America

Minimum
symptom

Fever

Fever

Fever or WHO

Any

Fever

Fever+ 2 WHO

Fever

Fever
Fever

Fever

Fever

Fever or other
Fever
Clinical consultation

Clinical consultation
Fever >38° for
>2days

Fever

Fever

Any

Clinical consultation

Fever

?Indlicates positive index clusters only; cluster contacts followed for 15 days or

b7 days.

% Inapparent
(N)

45 (56)

91 (106)

83 (1778)

42 (12)

93 (3837)

77 (30)

87 (103)

54 (331)
56 (569)

85 (34)

65 (535)

20 (119)
52 (27)
94 (54)

91 (733)

80 (953)

90 (10)

47 (17)

75 (74)

90 (115)

85 (20) Southeast
Asia

63.2 (19) Latin
America

Incidence rate:
disease; infection

36%; 31%

8.3-8.5/1000;
6-12%

3.4-43.5; 67-110
(/1000 person-years)

0.2-1.4%; 7%

0.5-19; 2-90 (/100
person-years)

2%; ND

0.74%; 5.9%

2.7%;5.8%
6.4%; 256.5%

2;7 (/100
person-years)

1.3-4.4%; 6.9%

11.8%; 16%2
6.0%; 12.4%2
0.2%;3.1%

0.3%; 1-27%

17-40/1000; 8-14%

0.2; 1.7 (/100
person-years)

1.6%; 2.5%

18; 74 (/1000
person-years)

8-16; 103 (/1000
person-years)

0.9%; 6.1%"

8.3%; 22%

Age (years)

1-67

All

1-79

0.5-15

0.5-15

All

All

Birth -2

All

18-66

Birth -1

>24 months

Seroprevalence

70%

91%

30% age 2; 90%
age 9

ND

60% age 2; 90%
age 15

56-77%

39% 4-6years;
73% 13-15years

ND

ND

P
O

20-29%
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Serotype/peptides aa. Number Virus strain Cat. no. (NBI)

DENV-2 NS1 47 New Guinea C NR-508
DENV-2 NS3 83 New Guinea C NR-509
DENV-2 NS5 155 New Guinea C NR-2746
DENV-4 NS3 106 Singapore/8976/1995 NR-2756

DENV-4 NS5 156 Singapore/8976/1995 NR-4205
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Sequence

ANTI-SENSE PRIMERS

CD1-1593 CAA GGC AGT GGT AAGTCT AGAAAC C
CD2-2116  TCTTAAACC AGTTGA GCTTCA GTT GT
CD3-2000 CCACTG GATTGG CTGTGATC
CD4-843 GCG CGAATC CTG GGTTT

SENSE PRIMERS

D1-1459 GACCGACTACGGAACCCTTACAT
D2-1929 TCC ATG CAA GAT CCCTTTTGA
D3-1872 CGC AGC ATG GGA CAATACTC

D4-637 GCTGGTGCAATCTCACGTCTA
PROBES
CD1-1519P  CTC GTT AAA ATCTAG CCCTGT CCT AGGTGA ACA
AT — FAM

D2-2000P  ACC CAATTGTGA CAG AAA AAG ATA GCC CAGTC -TET
D3-1914P AAG ATG CAC CCT GCAAGATTC CTTTCT C-TET
CD4-699P TCC GTTCTC CGCTCT GGG TGC AT = FAM
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YFV-17D-Naive

YFV-17D-Immune

Challenge virus YFV-17D YFV-DENV2 YFV-JEV
105 PFU 10% PFU 105 PFU
n 5 14 6
Viremia (%) 100 57.1 83.3
AUC 56 20.7 21.7

YFV-JEV
10* PFU

6
83.3
48.3

YFV-17D YFV-DENV2 YFV-JEV
10° PFU 10° PFU 10° PFU
6 14 6
0 78.6 83.3
0 50.4 58.3

YFV-JEV
10* PFU

100
50

*Two clinical studies were conducted to determine if pre-existing YFV-specific immunity would impact virus replication upon challenge with YFV-17D or chimeric
versions of YFV-17D in which the envelope and PrM proteins of YFV-17D were replaced by the envelope and PrM proteins of either DENV2 (39) or JEV (38). The
chimeric flaviviruses, YFV-DENV2 and YFV-JEV, have the same eight non-structural proteins as YFV-17D and contain the same CD4* and CD8* T cell epitopes, but can

no longer be neutralized by YFV-17D-specific antibodies, thus providing the opportunity to measure T cell-mediated protection in the absence of neutralizing antibodies
to the viral structural proteins; n, number of subjects per group; PFU, plague forming units; AUC, area under the curve.
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Ligand

ICAM-1

DENV-specific
antibodies

DENV ligands
(probably:
protein E)

MICA

MICB

Study type

Acute patients’
lymphocytes

In vitro with activated
peripheral blood
lymphocytes

In vitro activation of NK
cell toward E protein
and VLP of flaviviruses

Allele association

Allele association,
GWAS

Observation

Adhesion molecules (ICAM-1 and
LFA-1) are increased in NK cells in the
acute phase of dengue disease

NK cells are the principal cells active in
the ADCC against DENV-infected cells

Protein—protein interaction between
rNKp44 and cells expressing DENV-E
proteins. Interaction of NKp44 with E
from another flavivirus (WNV) induces
killing and IFNy production

MICA alleles associated with dengue

symptomatic infection

MICB alleles associated with
symptomatic infection and dengue

shock syndrome

Receptor on
NK cells

LFA-1

CD16

NKp44

NKG2D

NKG2D

Probable effect

adhesion

Activation, ADCC

Activation?

Activation?

Activation?

Reference

Azeredo et al. (31)

Kurane et al. (42, 43)
and Laoprasopwattana
etal. (44)

Hershkovitz et al. (55)

Garcia et al. (59)

Garcia et al. (59), Khor
et al. (60), Whitehorn
etal. (61)
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NHP ID

CY0503
CY0504
CY0505

CY0473
CY0474
CY0475

CY0493
CY0494
CY0495

Vaccine regimen

0, 0 PhJ/ID

GMT
0, 0 PhJ/SC

GMT
0, 60 PhJ/SC

GMT

GMT geometric mean titer.

Day 30 Day 53 Day 88

Day 1 Day 2 Day 3 Day 4 Day 1 Day 2 Day 3 Day 4 Day 1 Day 2 Day 3 Day 4
40 1280 160 20 160 1280 40 10 80 5120 20 40
80 640 40 10 40 2560 40 5 80 2560 20 40
320 1280 2560 320 160 640 640 160 80 640 60 40
101 1016 254 40 101 1280 101 20 80 2032 40 40
2560 10,240 160 40 640 5120 80 20 320 1280 40 20
1280 320 1280 160 640 640 640 160 320 320 60 80
640 320 640 320 640 320 320 80 160 320 60 160
1280 1016 508 127 640 1016 254 64 254 508 101 64
160 25660 160 20 80 2560 10 20 320 2560 80 40
320 640 640 160 320 640 320 10 80 640 60 80
640 2560 320 40 640 2560 40 80 1280 2560 60 40
320 1613 320 50 254 1613 50 25 320 1613 27 50
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Group Dosing No. of animals positive for viral RNA

schedule
Day5 Day7 Day 10 Day 12 Day 14
1 TDV PhJ/ID - 1/3 3/3 2/3 -
(day O, 0) (4.8) (456-4.9) (3.9-4.3)
2 TDV PhJ/SC 1/3 3/3 3/3 1/3 -
(day O, 0) (3.8 (4.0-4.3) (3.7-4.7) (4.0)
3 TDV PhJ/SC 13 3/3 3/3 3/3 2/3
(day 0, 60) (3.8) (4.5-5.4) (3.8-5.3) (3.2-4.8) (3.7-5.0)
4 PBS PhJ/ID - - - - -
(day 0, 60)

Results are averages from duplicate or triplicate data.
Samples with titers <3.6 log,, copies/ml were considered negative.
“Data in parenthesis represent range of titers in log., copies/ml.
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Vaccination regimen  Animal ID Pre-challenge neutralizing Post-challenge neutralizing Post-challenge viremia (logqo copies/ml)

titer (day 88) titer (day 108)
Anti-DEN-2 Abs Day1 Day3 Day5 Day7 Day9 Day11
TDV PhJ/ID (day 0, 0) CY0503 5120 5120 - - - - - —
CY0504 2560 1280 - - - - - -
CY0505 640 640 - - - - - -
TDV PhJ/SC (day 0, 0) CY0473 1280 2560 - - - - - -
CY0474 320 640 - - - - - -
CY0475 320 320 - - - = - -
TDV PhJ/SC (day 0, 60)  CY0493 2560 2560 - - - = - -
CY0494 640 640 - - - = - -
CY0495 2560 2560 - - - - - -
PBS PhJ/ID (day 0, 60) CY0479 5 2560 - 4.8 4.9 4.8 - -
CY0481 5 640 - 4.1 4.9 4.9 3.7 4.7

Y0488 5 1280 — 45 58 52 — —
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Vaccine type Vaccine developer(s) Pre-clinical studies in NHP Clinical studies

Study type Reference Study type Reference Current Status
Live attenuated WRAIR/GSK MV (S, 1) (27) V (S, 1) phase | (59, 60, 69, 82) Not being tested
TV (S I, P) (29) TV (S, I) phase (66, 79)
TV (I, P) (28) MV, TV (S, ) phase | (78)
TV (S, 1) phase I/l (77)
Acambis/Sanofi Pasteur MV (S, I, P) (13) TV (S, I) phase (68, 74, 76) In phase IlI
MV, TV (S, 1) (10, 11) TV (S, 1) phase |l 61, 70, 71)
TV (S, I, P) (12) TV (S, |, E) phase llb (81)
MV, TV (1) (14) (S, I, E) phase Il (80)
TV A1) (8
NIAID, NIH/Merck MV (S, 1) (21, 22) MV (S, |) phase | (4, 19, 63-65) In phase Il
MV (S) (19) TV (S, |) phase (62)
TV (S I, P) (16)
MV (S, I, P) (17, 18)
CDC/Inviragen/Takeda TV (S, I, P) (26) TV (S, |) phase (75) In phase Il
TV (S I, P) (23)
Inactivated virus WRAIR/GSK MV (I, P) (41, 42) In phase |
Subunit (rE) Hawaii Biotech/Merck MV, TV (I, P) (51) In phase |
DNA NMRC MV (I, P) (33, 34, 36, 38, 39) MV (S, |) phase | (58) In phase |
TV (I, P) (35)

MV, monovalent; TV, tetravalent; S, safety; I, immunogenicity; F protection; E, efficacy in humans; WRAIR, Walter Reed Army Institute of Research; GSK, Glaxo-
SmithKline; NIAID, National Institutes of Allergy and Infectious Diseases; NIH, National Institutes of Health; CDC, Center for Disease Control; NMRC, Naval Medical
Research Center
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Common name

Rhesus macaques
Green monkeys
Cynomolgus macaques
Patas monkeys

Yellow baboons
Japanese macaques
Mangabeys

Others

Scientific name

Macaca mulata
Cercopithecus aethiops
Macaca fascicularis
Erythrocebus patas
Papio cynocephalus
Macaca fuscata

Cercocebus spp

Percent of published
reports (1,178
total) (%)

51.35

34.80

11.62
1.0
0.6

0.33
0.1

1

MHC designation/no.

alleles available®

Mamu/1,197
Chsal64
Mafa/1,506
N/A
Papa/30
Mafu/27
N/A
N/A

Number of available resources (antibodies,
cell lines, SOPs) (NIH non-human primate
reagent resource)®

221
38
202
N/A
N/A
N/A
193
N/A

2Major histocompatibility complex genes of non-human primates. Available from the immuno polymorphism database (IPD), European molecular Biology Laboratory,
and European Bioinformatic Institute.

b\vwww.nhpreagents.org
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NHP ID

CY0503
CY0504
CY0505

CY0473
CY0474
CY0475

CY0493
CY0494
CY0495

Vaccine regimen

0,0
PhJ/ID

GMT*

0,0
PhJ/SC

GMT
0,60

PhJ/SC

GMT

GMT* = geometric mean titer.

Day 30 Day 53 Day 88
D1 D2 D3 D4 D1 D2 D3 D4 D1 D2 D3 D4
40 1280 160 20 160 1280 40 10 80 5120 20 40
80 640 40 10 40 2560 40 5 80 2560 20 40
320 1280 2560 320 160 640 640 160 80 640 60 40
101 1016 254 40 101 1280 101 20 80 2032 40 40
2560 10240 160 40 640 5120 80 20 320 1280 40 20
1280 320 1280 160 640 640 640 160 320 320 60 80
640 320 640 320 640 320 320 80 160 320 60 160
1280 1016 508 127 640 1016 254 64 254 508 101 64
160 2560 160 20 80 2560 10 20 320 2560 80 40
320 640 640 160 320 640 320 10 80 640 60 80
640 2560 320 40 640 2560 40 80 1280 2560 60 40
320 1613 320 50 254 1613 50 25 320 1613 127 50
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Study site Population Age range Study Incidence (average)

size® (years) period
Dengue Symptomatic Hospitalized Severe Symptomatic:
infection (%) dengue dengue dengue asymptomatic
ratio
Rayong, Thailand (2) 1,056 4-14 1980-1981 39.4 n/ab 0.7% 0.7% n/a
Bangkok, Thailand (3) 1,757 4-16 1980-1981 1.8 0.7% 0.4% 0.4% 1.8
Yangon, Myanmar (4) 12,489 1-9 1984-1988 5.1 n/a 0.3% 0.2% n/a
Yogyakarta, Indonesia (5) 1,837 4-9 1995-1996 29.2 0.6% 0.4% 0.4% n/a
amphaeng Phet |, Thailand (6) 2,119 7-n 1998-2002 7.3 3.9% 1.0% 0.6% 1:0.9
quitos, Peru (7) 2,300 5-20 1999-2005 34.5 n/a n/a n/a n/a
West Java, Indonesia (8) 2,536 18-66 2000-2002 7.4 1.8% 0.1% 0.1% 1:3
Managua, Nicaragua (9, 10) 1,186 4-16 2001-2002 9.0 0.85% n/a n/a 1:13-1:6
Maracay, Venezuela (11) 981 5-13 2001-2002 16.9 n/a n/a n/a n/a
amphaeng Phet II, Thailand (12) 2,095 4-16 2004-2006 6.7 2.2% 0.5% 0.1% 1:3.0
Ratchaburi, Thailand (13, 14) 3,015 3-11 2006-2009 3.6 3.6% 1.6% 0.3% nfa
Managua, Nicaragua (10) 3,800 2-9 2004-2010 9.0 0.85% n/a n/a 1:13-1:6
Long Xuyen, Vietnam (15) 2,190 2-15 2004-2007 3.0 3.0% 1.2% 1.2% n/a
Southeast Asia (Indonesia, 1,500 2-14 2010-2011 1.4 n/a n/a n/a n/a

Malaysia, Philippines, Thailand,
and Vietnam (16)

2Number in cohort tested for dengue antibody (incidence denominator).
bn/a, not available; not provided in the published paper.
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PERIOD OF INFECTIOUSNESS

Patient defervescence
Day-1 DayO0 Day +2

Humans become
infectious

Day of illness = -1.5

Six dengue cases
observed to be infectious
to mosquitoes prior to
symptom onset

Humans no
longer
infectious to
mosquitoes

Period of illness/fever = 1-8 days Patient recovery

Mosquito Fever onset in
infects patient patient
after bite Time periods not to scale

* Serotype(s) unknown
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