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Outlines

“* Facing the changes in dengue situation

“* Stepwise approach for management of
dengue in adults

“* Management of dengue with comorbidities
“* Hints to success management of dengue

** Dilemma on dengue vaccine
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Introduction

o Arbovirus infection : Emerging or Re-emerging infectious diseases
(ability to expand geographically and rapidly affect large population)
o Emerging arbovirus infections :

= RNA genome : rapidly adapt to ever-changing host and
environmental conditions

= Global warming : increasing vectors

= Degree of urbanization and migration : poor vector control in urban
areas

= Mass global travel : hyperendemic dengue activity in many tropical
countries

o Arbovirus (arthropod-borne virus) :

= Several families : Flaviviridae, Togaviridae, Bunyaviridae and
Reoviridae

= Arthropod vectors : mosquitoes, ticks, and sand flies

Becham JD et al. Continuum (Minneap Minn) 2015;21:1599-1611.
Muller DA et al. JID 2017;215:5S89-95.
Kulkarni MA, et al. Global Health. 2022; 18(1):1.
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Current arboviruses in Thalland

Arboviruses Vector Disease

Dengue virus Aedes aegypti & Dengue virus
Aedes albopictus |infection

Chikungunya virus |Aedes aegypti & |Chikungunya fever
Aedes albopictus

Zika virus Aedes aegypti Zika virus infection

Raksakoon C and Potiwat R. Pathogens. 2021;10(1):80. doi: 10.3390/pathogens10010080.




Viral genome

Nucleocapsid

Dengue virus genome encodes
: 3 structural proteins

(capsid [C], membrane [M], and envelope [E])
: 7 nonstructural proteins

(NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5)

4 Serotypes : DENV 1-4
(genetic similar, antigenic distinct)
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Change in Distribution of Dengue
Serotypes (1970 and 2004)
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https:/ /www.nature.com/scitable/topicpage/dengue-viruses-22400925/
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Three-month dengue virus diseas€ ¢4
notification rate per 100,000 population
(August-October 2023)

In 2023, Over 4.2 million cases (>8-fold increase) and over 4000 dengue-related deaths (>4-fold increase)
have been reported from 79 countries/territories globally (WHO, 2020).
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EU overseas countries/territories
and outermost regions reporting
cases and not visible in the main
map extent

B Martinique
B Guadeloupe
B La Réunion

_70% of the actual burden is in Asia with
e o explosive outbreaks occurring (WHO, 2020).
No reported cases 0.001-0.009 0.01-0.99 | JREXXY B o» B -

Note: Data refer to Dengue virus cases reported in the last 3 months (July 2023-September 2023) [Data collection: October 2023] Administrati fes: ©
The boundaries and names shown on this map do not imply official endorsement or acceptance by the European Union. ECDC. Map produced on 02 October 2023

https:/ /www.ecdc.europa.eu/en/publications-data/geographical-distribution-dengue-cases-reported-worldwide-2020
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PLOS ONE

A total of 750 patients with suspected dengue treated at OPD and IPD of
the Hospital for Tropical Diseases in Bangkok, Thailand between March
2018 and February 2020

83 patients were excluded as follows:

- No leftover samples for confirmation tests (29 patients)

- Transferred to other hospital or loss to follow-up (18 patients)
- No decuments of comorbid conditions (15 patients)

- Negative DENV infection from confirmation tests (12 patients)
- No baseline laboratory parameters (9 patients)

¥

667 patients with confirmed dengue were recruited in the study

l !

318 (47.7%) patients with plasma leakage 349 (52.3%) patients without plasma leakage

Talukdar S, Thanachartwet V, Desakorn V, Chamnanchanunt S, Sahassananda D, et al.
PLoS One 2021;16(7):e0255358. doi: 10.1371/journal.pone.0255358
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roblems in Managemen%’“”%?m engue
in Thailand (2018)

“*Diagnosis of dengue

Fluid management :
/ (Over > Under resuscitation)

“*Recognition of plasma leakage

“*Recognition of significant bleeding

Delayed blood transfusion
“*Detection of dengue shock syndrome

Improper fluid management &
Delayed blood transfusion

Courtesy of Professor Siripen Kalayanarooj
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Mortality Distribution in Different Age Groups
(322 Dengue Deaths in Malaysia, 2013-2014)
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Causes of 322 Dengue Dé€athsin" "
Malaysia, 2013-2014

No significant difference in causes of death |
among different age groups 73%

Combined 52%
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Dengue Severity€
(Children vs. Adults)

Direct admit Refer
Children Adults Adults (n=51)
(n=402) (n=59)
HCT >220% 351 (92%)* 39 (70%) 20 (53%)
Recurrent shock 147 (37%)* S (8%) 27 (61%)*
Bleeding 271 (67%) 59 (100%)* 51 (100%)*
- Skin bleeding 207 (52%) 21 (36%) 9 (18%)
- Mucosal bleeding 355 (14%) 35 (59%)* 30 (60%)*
- Severe bleeding 8 (2%) 3 (5%) 11 (22%)*
Acute liver failure O 0 2 (4)*
Acute kidney 0 0 2 (4)*
injury
Encephalopathy 1 (0.2%) 1 (2%) 7 (14)*

Trung DT et al. PLoS Negl Trop Dis 2012;6(6):€1679. doi: 10.1371/journal.pntd.0001679.
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No Approved Therapy is
Available !!!!!

* Prompt recognition and diagnosis is
important for appropriate supportive care.

- Early diagnosis and access to proper
medical care lowers fatality <1%.

https:/ /www.who.int/denguecontrol/resources /9789241504034 /en/
Muller DA et al. JID 2017;215:S89-95.
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MORTALITY FROM DENGUE CAN BE
REDUCED TO  AMOST ZERO  BY
IMPLEMENTING ~ TIMELY, = APPROPRIATE
CLINICAL MANAGEMENT, WHICH INVOLVES
EARLY  CLINICAL AND  LABORATORY
DIAGNOSIS, INTRAVENOUS REHYDRATION,
STAFF TRAINING AND HOSPITAL
REORGANIZATION.

2012-2020

GLOBAL STRATEGY
FOR DENGUE PREVENTION AND CONTROL

Organization

https:/ /www.who.int/denguecontrol/resources /9789241504034 /en/
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Stepwise Approach for Management
of Dengue in Adults

[’1* Diagnosis of dengue ]

v Risk factors for severe disease
< Evaluation of dengue severity

“» Evaluation of disease phase
< Management
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Clinical Diagnosis of
Dengue




Clinical Symptoms & Signs of Patients
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with Dengue

Variables 95% CI Variables 95% CI

Fever 98 (97-99) Retro-orbital pain |35 (27-44)
Malaise 76 (64-85) Dizziness 23 (12-40)
Headache 76 (70-81) Anorexia 48 (35-61)
Asthenia 74 (46-91) Nausea 42 (34-50)
Body-ache 67 (55-77) Vomiting 40 (35-45)
Lethargy 67 (33-90) Abdominal pain 32 (28-37)
Chills 65 (58-72) Diarrhea 21 (17-25)
Myalgia 64 (58-70) Bleeding 26 (21-31)
Back pain S7 (32-79) Cough 23 (18-29)
Arthralgia 54 (46-61) Rash 30 (26-33)

Guo C et al. Front Cell Infect Microbiol 2017;7:317. doi: 10.3389/fcimb.2017.00317.
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Clinical Symptoms & Signs of Adultsm1W1th Dengue

Tantawichien T Taylor WR et al. Thomas L et al. Thanachartwet V

et al.
Country Thailand Vietnam France Thailand
Year 1997-1998 2008 2005-2010 2013-2015
Age (yr) 26.9 23.5 35.0 24.0
Fever (day) 5.2 5.0 3.0 4.0
Headache 38% 93% 84% 87%
Retro-orbital pain - 40% - 64%
Myalgia 26% 7% 75% 91%
Arthralgia - - - 33%
Vomiting 47% 46% - 16%
Abdominal pain 249, 289, - 429,
Diarrhea 25% 34% 24% 32%
Cough - 45% 21% 39%
Rash 28% 52% - 44%

Hepatomegaly 21% 4% - 23%
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Associations between Symptoms &
Signs with Dengue

Variables OR 95% CI |P-value
Rash 2.8 1.7-4.4 |<0.001
Petechiae 2.0 1.2-3.1 |0.004
Lethargy 1.8 1.0-3.1 |0.041

Conjunctival injection |[1.5 1.0-2.3 10.045
——————

TT +ve 4.9 1.1-22.0 {0.040
Low WBC 4.4 1.8-11.2 {0.002
Low PLT 3.3 2.2-5.0 |<0.001

PPV 70-83%

Kalayanarooj S. Trop Med Health 2011;39:S83-7. doi: 10.2149/tmh.2011-S10.
Guo C et al. Front Cell Infect Microbiol 2017;7:317. doi: 10.3389/fcimb.2017.00317.
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Case Definition of Probable Dengue
(WHO 1997, 2011)

Acute febrile illness with 22 of the following signs and
symptoms :

Headache

Retro-orbital pain

Myalgia

Arthralgia/bone pain

Rash

Hemorrhagic manifestations : petechiae, epistaxis, gum bleeding,
hematemesis, melena, positive tourniquet test

Leukopenia (WBC <5,000 cells/mm?3)
Hemoconcentration 5-10%

v PLT <150,000/mm? WHO, 1997
Chaterji S et al. Am J Trop Med Hyg 2011;84:224-8.

XN N X X X

S X



‘#% MAHIDOL
% 7 UNIVERSITY

Wisdom of the Land

se Definition of Probable Dengue
(WHO 2009)

DENGUE = WARNING SIGNS SEVERE DENGUE

1. Severe plasma leakage

with warning
signs 2. Severe huemorrhuge

3.Severe organ impairment

CRITERIA FOR DENGUE + WARNING SIGNS CRITERIA FOR SEVERE DENGUE
Probable dengue \ Warning signs* Severe plasma leakage
live in /travel to dengue endemic area. |® Abdominal pain or tenderness leading to:
Fever and 2 of the following criteria: ® Persistent vomiting * Shock |DSS)
e Nausea, vomiting ® Clinical fluid accumulation ® Fluid accumulation with respiratory
® Pash ® Mucosal bleed distress
* Aches and pains ® Lethargy, restlessness Severe bleeding
® Tourniquet lest positive ® Liver enlargment >2 cm as evaluated by clinician
* leukopenia ® Laboratory: increase in HCT _

Severe organ involvement

* Any warning sign concurrent with rapid decrease
in platelet count o |jver: AST ar AT ==1000
|EErﬂEry-conﬁrma a—engue e CNS: Impaired consciousness

*[requiring strict observation and medical e Heart and other organs
WHO, 2009

[important when no sign of plasma leakage) intervention)
Chaterji S et al. Am J Trop Med Hyg 2011;84:224-8.
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gnostic Accuracy of Probable Dengue

WHO 1997, 2011 WHO 2009

Acute febrile illness with 22 of the ¢ Live in /travel to endemic

following signs and symptoms : area
: EeadaChe. . * Fever 22 of the following
etro-orbital pain i )

v Myalgia criteria

v' Arthralgia/bone pain v" Nausea/vomiting

v" Rash v RaSh

v" Hemorrhagic manifestations : petechiae, .
epistaxis, gum bleeding, hematemesis, v" Aches and pains
melena, positive tourniquet test v TT pOSitiVG

v" Leukopenia (WBC <5,000 cells/mm?3) v Leukopenia

v" Hemoconcentration 5-10%

v PLT <150,000/mm? v' Any warning signs

o Sensitivity 95% o Sensitivity 80%

o Specificity 36% o Specificity 57%

Chaterji S et al. Am J Trop Med Hyg 2011;84:224-8.



Mahidol University

Faculty of Tropical Medicine

care

{ ° ° ) ° ;0
nitial Diagnoses at First Healt

Contact of Fatal Dengue

Children Adults Elderly
(<15 yrs) (15-59 yrs) | (260 yrs)
iDengue shock syndrome | 3% 3% 9% i
Dengue with WSs 6% 8% 4%
Dengue without WSs 6% 18% 16%
g‘
Acute pharyngitis 34% 16% 5%
and/or tonsillitis
Non-specific (viral) 31% 28% 21%
febrile illness
Sepsis 3% 3% 9%
Acute gastroenteritis 3% 4% 2%

Woon YL et al. PLoS Negl Trop Dis 2016;10:e0004575.d0i:10.1371 /journal.pntd.0004575.
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Lab. Investigations of Adults with Dengue

Tantawichie Taylor WR et Thomas L et  Thanachartwet V

nT al. al. et al.
Fever (days) 5.2 5.0 3.0 4.0
Hematology & Blood chemistries
HCT (%) - 42.5 - 41.6
WBC(cells/uL) - 4,560 - 3,000
Platelets (/uL) - 60,000 - 78,000
AST (U/L) - 113 - 94
ALT (U/L) - 67 - 65
Albumin (g/dL) - 4.5 - 4.2
Complications
DSS . - 14% 10%
Cutaneous bleeding 22% - - 28%
Mucosal bleeding 42% 20% 17% 42%
Ascites 4% (U/9) 29% (U/S) - -
Pleural effusion 11% (U/S) 16% (CXR) - -
Acute kidney injury - - 12% 10%
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Comparison of Laboratory Findings
between Fatal and Non-fatal DHF in Adults

Variable Fatal (n=10) Non-fatal (n=299) P-value
Initial Lab findings

WBC >12,000 cells/pL 1/10 (10%) 4/293 (1%) 0.155
Bandemia 3/8 (38%) 51277 (2%) 0.001
Platelet count (/L) 35,000 93,000 0.088
Pre-fatal Lab findings

WBC >12,000 cells/uL 6/9 (67%) 4/293 (1%) 0.020
Bandemia 4/6 (67%) 51277 (2%) 0.592
Platelet count (/uL) 17,000 93,000 <0.001

Lee IK et al. PLoS Negl Trop Dis. 2012;6(2):€1532. doi: 10.1371 /journal.pntd.0001532.
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Confirmation Tests for Dengue

Virological Dx Serological Dx Virological Dx Serological Dx
|
: ry . v ‘ : y /s
Phase Febrile Critical Recovery Phase Febrile Critical Recovery
Disease Disease : :
orlset on.set
' oRT-PCR :oAnti-den Ab (IgM/IgG) . oRT-PCR ;oAnti-den Ab (IgM/IgG)

| ONS-1 . oNS-1

Virus

Virus

3 » Time —=_ : ;
2 -1 0 1 2 3 4 5 6 7 8 9 10 @Gaysl, 4 0 1 2 3 4 5 6 7 8 9 10
4.1.1 Primary dengue infection 4.1.2 Secondary dengue infection

=
> (dayo)

im snmdnng. miguainsiasiizuusineedinludlng; wevo. wi me-s.

Muller DA et al. J Infect Dis. 2017;215:5S89-95.
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aboratory Diagnostic Methods™
for Detection of Dengue

Clinical sample Diagnostic Methodology Time to
approach Results
Viro. Dx | Acute serum (D1-5) Nucleic acid RT-PCR/ 1-2d
detection Real-time RT-PCR
Ag detection NS1 Ag rapid test | Mins
NS1 Ag capture 1d
ELISA
Sero. Dx | Paired sera IgM or IgG ELISA 1-2d

 acute serum (D1-5) | seroconversion
* convalescent serum

(D15-21) PRNT >7 d
Serum after DS IgM detection MAC-ELISA 1-2d
IgM rapid test Mins
IgG detection IgG ELISA 1-2d

IgG rapid test Mins

Adapted from WHO 2009; Muller DA et al. JID 2017:215;S89.
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Confirmation Tests for Dengue

Virological diagnosis Serological diagnosis

[ RT-PCR] (Anti-den Ab (IgM/IgG) |
* Sensitivity 98-99% | o ELISA
- Specificity 100% Sensitivity 96-99%
[ Dengue NS-1 ﬁ » Specificity 78-91%
o ELISA o Rapid strip tests
* Sensitivity 60-75% * Sensitivity 6-96%
» Specificity 71-95% » Specificity 69-92%

o Rapid strip tests Definite diagnosis?

* Specificity 76-97%

3 aafiyuussnmandfinluglng; wevo. wih me-av
Hunsperger EA et al. PloS Negl Trop Dis. 2014;8:3171.
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False Positive Rate of DENV RDT

m SD Duo NS1
Naive (n=146) i m Panbio
mCTK
Remote dengue (n=3) m Bio-Rad

SLEV IgM-gG (n=4)
SLEV IgG (n=1)
flavivirus (n=1) |77 T ————
YFV IgM (n=3)

YFV IgG (n=2)

VNV IgM (n=10)

Hantavirus IgM-IgG
(n=2)

Hantavirus IgG (n=1)
Hantavirus IgM (n=8) —
Lyme IgG (n=10) |~

SLE (n=2)

RF (n=9) -

0 20 40 60 80 100
Percent Positive (%)

NS1=necn-structural protein 1, SLE=systemic lupus erythematosus,
SLEV=8t. Louis Encephalitis virus, RF=rheumatoid factor,
YFV=yellow fever virus, WNV=West Nile virus

Remote dengue (n=3)

(n=20)
SLEV IgG IgM (n=4)

Naive (n=155) F'

Pregnancy (n=20) |

Remote flavivirus jmm

mSD Duo IgM
m Orgenics
uCTK
mAbon

JEV (n=6)

WNV IgM (n=10)
Malaria (n=60)
Leptospirosis (n=24)
Scrub Typhus (n=24)

Chikungunya (n=20)

Hantavirus IgM-lgG
(n=2)

Hantavirus 1gG (n=2)

Hantavirus IgM (n=8)
Lyme IgG (n=10)

SLE (n=2)

RF (1=9) g

0 20 40 60 80 100

Percent Positive (%)

SLE=systemic lupus erythematosus, SLEV=St Louis
Encephalitis virus, RF=rheumatoid factor, YFV=yellow
fever virus, WNV=West Nile virus, JEV=Japanese

Hunsperger EA et al. PLoS Negl Trop Dis 2014;8:e3171.
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“* Risk factors for severe disease ]
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Clinical factors for Predicting Dengue

Severity in Adults

Character Lee MS Figueiredo Pang J et al Pozo-Aguilar Thanachartwe Malhi TH Lee IK et al

et al MA et al JO et al t Vet al et al
Country Taiwan Brazil Singapore Mexico Thailand Malaysia Taiwan
Year 2000 2002-2005 2007-2008 2009 2012-2015 2008-2014 2002-2010
Severity DHF DHF DHF Severe Severe dengue DHF DSS/Severe

dengue dengue

Clinical factors
Age (yrs.) >65 - 30-39 [OR = >40 >40 -

[OR 1.9] 1.4] [OR 5.2] [OR 4.1]

40-49 [OR 1.3]

Underlying DM DM DM - - DM DM for DSS
disease [OR 1.9] [OR 2.7] [OR 1.8] [OR 2.8] [OR 7.4]

HT DM with HT DM for SD

[OR 1.7] [OR 2.2] [6.2]

CKD

[OR 3.6]

Pregnant woman, Obesity, Heart diseases, Hematologic diseases,

Prolonged shock, Significant bleeding
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b. factors for Predicting Dengue Severity

in Adults
Character Lee MS et al Malavige GN et al Pozo-Aguilar Thanachartwet Malhi TH et
JO et al V et al al
Country Taiwan Brazil Mexico Thailand Malaysia
Year 2002 2002-2005 2009 2012-2014 2008-2014
Severity DHF DHF Severe dengue Severe dengue DHF
Lab. factors
Dengue Secondary Secondary Secondary - Secondary
infection [OR 2.1] [OR 5.0] [OR 5.7] [OR 2.7]
Blood test - - - Serum lactate
>2 mmol/L
[OR 7.3]
Ultrasound GBW - - - GBW
thickening thickening
[OR 6.1] [OR 1.7]
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Lactate Levels at Admission
according to Dengue Severity

*

P = 0.006

\

1{][]-

8.0+
P <0.001

A o
6.0

P =0.490

%%

I
Non-severe Non-severe Severe dengue
dengue without dengue with
any warning signs warning signs

Thanachartwet V et al. BMC Infect Dis. 2015;15:420. doi: 10.1186/s12879-015-1150-2.

4.0 -

2.0 -

Lactate levels on admission (mmol/L)
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Gall Bladder Wall Thickening
in Adults with DSS
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@ R @ Risk predictors of progression to severe disease during the
~ febrile phase of dengue: a systematic review and meta- analy5|s

(0= W Sorawat Sangkaew, Damien Ming, Adhiratha Boonyasiri, Kate Honeyford, Siripen Kalayanarooj, Sophie Yacoub, llaria Dorigatti*, Alison Holmes

Risk of severe dengue
= Female (OR=1.13,95% CI =1.01-1.26)

= Dengue virus serotype 2 was associated with
severe disease in children.

= Secondary infections (OR 2.26, 95% CI = 1.65-
3.09)

* Pre-existing comorbidities:
v DM (OR = 4.38, 95% CI = 2.58-7.43)
v HT (OR = 2.19, 95% CI = 1.36-3.53)
v'Renal disease (OR = 4.67, 95% CI = 2.21-9.88)
v'CVS disease (OR = 2-79, 95% CI = 1.04-7.50)

Sangkaew S, et al. Lancet Infect Dis 2021;21(7):1014-1026. doi: 10.1016/S1473-3099(20)30601-0.
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@ 3 @ Risk predictors of progression to severe disease during the
" febrile phase of dengue: a systematic review and meta-analysis

Sorawat Sangkaew, Damien Ming, Adhiratha Boonyasiri, Kate Honeyford, Siripen Kalayanarooj, Sophie Yacoub, llaria Dorigatti*, Alison Holmes*

Clinical features during the febrile phase
associated with progression to severe disease

* Vomiting
(OR = 2.25, 95% CI = 1.87-2.71)
* Abdominal pain and tenderness
(OR =1.92,95% CI = 1.35-2.74)
» Spontaneous or mucosal bleeding
(OR =1.57,95% CI = 1.13-2.19)
» Presence of clinical fluid accumulation
(OR =4.61, 95% CI = 2.29-9.20)

Sangkaew S, et al. Lancet Infect Dis 2021;21(7):1014-1026. doi: 10.1016/S1473-3099(20)30601-0.
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@ & @ Risk predictors of progression to severe disease during the
~ febrile phase of dengue: a systematic review and meta-analysis

(O F-W Sorawat Sangkaew, Damien Ming, Adhiratha Boonyasiri, Kate Honeyford, Siripen Kalayanarooj, Sophie Yacoub, llaria Dorigatti*, Alison Holmes*

During the first 4 days of illness

= Lower PLT count (MD -0.34, 95% CI -0.54
to -0.195)

= Lower serum ALB (MD-0.5, 95% CI -0.86 to
-0.195)

= Higher AST/ALT
o AST (MD 1.06, 95% CI = 0.54 to 1.57)
o ALT (MD 0.73, 95% CI = 0.36 to 1.09)

Sangkaew S, et al. Lancet Infect Dis 2021;21(7):1014-1026. doi: 10.1016/S1473-3099(20)30601-0.
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Meta-analysis : Risk Factors for
Death in Dengue

Variables OR 95%CI
DM 2.9 1.5-4.2
HT 2.4 1.4-4.1
Shock 308.1 42.6-2230.4

Guo C et al. Front Cell Infect Microbiol 2017;7:317. doi: 10.3389/fcimb.2017.00317.
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Comparisons Dengue Severity Classification
between Dengue Patients with Type 2 DM

DM2 with HbA1C <7% DM2 with HbA1C >7% Controls
No Comorbid No Comorbid (n=621)

comorbid (n=7) comorbid (n = 23)

(n = 10) (n =47)
Age S8 (42-78)* | 62 (53-78)* | 61 (39-78)* | 65 (41-77)* 46 (18-84)
DHF I-II 3 (30) 2 (26) 22 (47)* 14 (61)* 180 (29)
DSS 0 0 2 (4)* 2 (9)* S5 (0.8)
Severe 0 o) 8 (17)* 8 (35)* 7 (1.1)
dengue
Fatality 0 0 2 (4.3) 2 (8.7) 4 (0.6)

Comorbidities : HTN, CKD, ESRD, CVA, IHD

Lee IK et al. J Microbiol Immunol Infect 2018. pii: S1684-1182(18)30006-9.
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Short guideline for dengue case management
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Stepwise Approach for Management
of Dengue in Adults

% Diagnosis of dengue
** Risk factors for severe disease
[*1* Evaluation of dengue severity ]

«* Evaluation of disease phase
< Management
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Pathogenesis in Dengue Severity

Ax\ : A\\

S ()5?(15)

®
® ® e © X ™
) hA e ® Lo
' L \ °
° !& ® . Lymphatic system e e
. Antibody-dependent ® ¥ Z.( °
!E . »enhancement >~ e ¢ e ¢

Dendritic cell Macrophage Monocyte
Dendritic cell ~ Macrophage phag y

" e ®
0 NS @ ‘ )9,}.

Monocyte Macrophage

Complement I—;—I .

Increased in infected cells <« Increased viral
activation — Disseminated through and a rise in viremia concentrations
blood vessel . v | ! *
. 00 00
C5b-C9 © g l
complex o B cell Tcell
T el Boel . v Cytokine Complement
i N Y Y storm activation
—> Cytokine X v T Antibodies
storm v 1
| Antibodies -4 1 l
l . , Endothelial cell ____ C5b-C9
- , _+ Thrombocytopenia dysfuntion complex
Endothelial cell dysfuntion Thrombocytopenia |
' ]
. l ] ¥
= Bleeding <« DIC Plasma leakage

™ (— -
Plasma leakage ———|| Bleeding T

St John AL et al. Nat Rev Microbiol 2013;11:420-6.
Martina BE et al. Clin Microbiol Rev 2009;22:564-81.
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Course of dengue

Intravascular volume
depletion’ shock
Tissue edema/

organ failure
Bleeding

Fluid overload

1
|
|

Potential clinical issues ' Dehydration
|
|
|

IgM/igG response

I
14
WHO 2009

Days of ilness
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Stepwise Approach for Management
of Dengue in Adults

% Diagnosis of dengue
% Risk factors for severe disease
< Evaluation of dengue severity

I “» Evaluation of disease phase ]
* Management
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Course of dengue

Intravascular volume
depletion’ shock
Tissue edema/

organ failure
Bleeding

Fluid overload

1
|
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Potential clinical issues ' Dehydration
|
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IgM/igG response
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Course of dengue Febrile Critical Recovery

Intravascular volume
depletion’ shock

Tissue edema/
organ failure

Bleading

Potential clinical issues Dehydration Fluid overload

H@f*Ofo Platelets

\
\

-~
#

|
|
|
I
I
|
I
f
I
I
|
|
I

Laboratory changes | \
<100,000/ul
Hematocrit ’ \
| ,s’; <50, \
' LB <3.5/4 g/db_~~
| | Plsural effusion
Temperature | Ascites

-10

O 2009

Days of ilness
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Diagnosis of DHF

Patients present with acute febrile illness 2-7 days with :
Clinical symptoms and signs

1. Abnormal bleeding

- Cutaneous bleeding : positive tourniquet test, petechiae or
ecchymosis

- Mucosal bleeding : gum bleeding, epistaxis, GI bleeding or
abnormal uterine bleeding (heavy or frequent menstrual bleeding)

2. Hepatomegaly + tenderness, abdominal pain or vomiting
3. Dengue shock syndrome

- Circulatory failure : rapid and weak pulse, cold clammy skin, PP
<20 mmHg

- Hypotension with tissue hypoperfusion : dizziness, fainting,
syncope, decrease UO, restlessness, altered sensorium, CRT >2 sec

Lab. Investigations

1. Evidence of plasma leakage : HCT 220%, pleural effusion, ascites
and/or serum ALB (<3.5 g/dl in normal weight or <4.0 g/dl in obesity)

2. PLT count <100,000 /mm3
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Plasma Leakage :
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PLOS ONE

RESEARCH ARTICLE

Sutopa Talukdar', Vipa Thanachartwet ' *, Varunee Desakorn»’,
Supat Chamnanchanunt', Duangjai Sahassananda®, Mukda Vangveeravong?,
Siripen Kalayanarooj®, Anan Wattanathum®*

Predictors of plasma leakage among dengue
patients in Thailand: A plasma-leak score
analysis

1 Faculty of Tropical Medicine, Department of Clinical Tropical Medicine, Mahidol University, Bangkok,
Thailand, 2 Faculty of Tropical Medicine, Information Technology Unit, Mahidol University, Bangkok,
Thailand, 3 Department of Medical Services, Queen Sirikit National Institute of Child Health, Ministry of Public

()

Check for
updates

* vipa.tha@mahidol.edu

Health, Bangkok. Thailand, 4 Department of Medicine, Pulmonary and Critical Care Division,
Phramongkutklao Hospital, Bangkok, Thailand

Characteristic

Multivariate logistic
regression analysis

OR (95%CI)

P-value

BMI 225 kg/m?

1.784 (1.040-3.057)

0.035

PLT <100,000

2.151 (1.269-3.647)

0.004

AST/ALT 2100 U/L

2.189 (1.231-3.891)

0.008

WHO, 2011

Talukdar S et al. PLoS One. 2021 Jul 29;16(7):e0255358. doi: 10.1371/journal.pone.0255358.
https:/ /www.dms.go.th/backend//Content/Content_Flle/Bandner_(Small) /Attach/
25640302103903AM_CPG%20Adult%20Dengue.pdf
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% Diagnosis of dengue
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< Evaluation of dengue severity
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» Evaluation of disease phase
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* Management (Febrile phase) ]
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Fever Shock
| 1
v : v
<3 days : >3 days Daily FU/CBC
— CBC e ¢ ¥ i CBC —m
PLT >100K PLT <100K PLT >100K : PLT <100K
| | | I |
v 4 \ / 4 \ 4 L 2 \ / 4
WS+ WS- WS+ WS- WS+ WS- : WS+ WS-
v il S 5 L V
1
Observe/Admit , . I
repeatcac 0V FU Immediate Ward/  Observe/Admit |, Immediate Ward/
(6-12 h later) management Dengue corner Rgpgat CBC management Dengue corner
V_I_V (within 6-12 h) I
HDU/ICU  Ward/ v v
Dengue corner HDU/ICU Ward/

CBC : Complete Blood Count ICU : Intensive Care Unit
FU : Follow Up PLT : Platelets
HDU : High Dependency Unit WS : Warning Signs

Dengue corner

Short guideline for dengue case management 2023
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(Warning symptoms and signs)

14
U

° 19anadiann1skURTu §9Aslinn1TonuNaY LUdWSe NTEdUnIEE1y seTuad
o Unviewienniouninnii 3 aSioty

° e vziduay Deudsee vselilowavwingy

o HJagnzanamdoluitaazlu 4-6 alusfinuun

° InMzaeneeniaUNG lnulan1zet19Ee NzidoneanluUSIMEIIDNAY 9
B Fenfalva 6189a153dan 91dsuludenanvisoiluden uas

UTADULIUDNTOUNS UILNNRAUNG L TUAY K593 intravascular

v
aAa o 1% =

hemolysis LWRYU Laadunsanlagiziduinialy ddan nselalan

Short guideline for dengue case management 2023
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Management in Febrile Phase

= Control fever:

v" Place tepid sponging at least 15 minutes for
reducing fever

o Cold water immersion : heat convection 0.1°C/min
o Place tepid sponging 15 min : reduce body temp
1.5°C
v' If the patient is shivering, stop tepid sponging
and using a light sheet to cover body rather than
a heavy blanket.

o Shivering is a regulatory mechanism to increase heat
in body.

o Cover body with a light sheet would help heat
evaporation better than using a heavy blanket.

Courtesy by General Thanom Supaporn, MD.
Short guideline for dengue case management 2023
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Management of in Febrile Phase

= Control fever:

v Take acetaminophen only if fever is still over
38.5°C

v Recommended doses of acetaminophen should
be given at least 4 hours apart, when taken as an
overdose can cause hepatitis.

v Avoid taking aspirin, NSAIDs and steroid due to
increase the risk of severe bleeding, acute
hepatitis and acute kidney injury

Short guideline for dengue case management 2023
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anagement of in Febrile Phase

= Diet and fluids:

v Advice to give soft, balanced and nutritious diet
such as ice cream, milk or fruit juice

v Avoid eating black or red-color foods/drinks as
these may interfere with the interpretation of
vomiting blood

v Avoid drinking plain water which may cause
electrolyte imbalance particularly low serum
sodium level

v Oral electrolyte solution (ORS) is recommended if
the patient refuses to take oral food.

Short guideline for dengue case management 2023
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Comparisons the Effects of Oral and IV Fluid
Replacement in Adults with Non-shock DHF In Taiwan

o A observational study in adult patients (>18 years) with non-
shock DHF admitted to a medical centre in southern Taiwan

o Comparing the effects of oral hydration (n=19) and IV fluid
replacement (n=30)

o No significant difference was found in demographics, clinical
manifestations and HCT between the two groups.

o No significant difference was found in daily PP, HCT and PLT
between the two groups for 7 days in hospital.

o Patients with IV fluid replacement :

v' Had a significantly longer hospital stay compared to those
with oral hydration (7.4%£2.7 days vs. 5.3£2.2 days,
P=0.007)

v Prone to develop pleural effusion and/or pulmonary
edema

Lee IK et al. Trans R Soc Trop Med Hyg 2010;104(8):541-5. doi: 10.1016/j.trstmh.2010.05.003.
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ow to Choose Type of IVFFIiiid "
in Non-shock Dengue (Adults)?

2

1. Isotonic crystalloid :
= 5% dextrose in normal saline

= 0.9 sodium chloride

2. Balanced crystalloid :
= Acetated Ringer's with /without 5% dextrose
= Lactated Ringer's with/without 5% dextrose

3. Colloid :
= 5% human albumin
= 10% Dextran-40 in NSS

Note: Patients with BS >200 mg/dl should avoid
providing IV fluid containing 5% dextrose.

Short guideline for dengue case management 2023
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ates of IV Fluid Infus;n in
Non-shock Dengue (Adults)

Degree of HCT rising:

= If HCT rising <20%, starting IV fluid less than
maintenance rate (40-60 ml/h)

= If HCT rising 220%, starting IV fluid at
maintenance rate (80-100 ml/h)

= If HCT rising >25%, starting IV fluid at more
than maintenance rate (100-120 ml/h)

Note: Doses of IV fluid indicating above include
oral fluid intake.

Short guideline for dengue case management 2023
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Rate of infusion in Non-shock DHF

Name BW........Kg M. CC/Day =—cc/REMOSH. CC/Day=....cc/hr
° : : i i : : : :

: E " Twd/ng/ ' ' ' q

' \ - u-p-nm : ; ' 4

L 1 ’ . | ) 49 ’ ' - .

) : ' ' : :

: 'l : : : : .

. . ¢ _esivl E : . ' 2 5

L a1 : | o s 3 ‘

2z ' (90 i)’ ' : (MmN | '
5 o : : : . | 80 mUh : ‘
3E | Adjust rate of iv fluid: ! : : ‘
o ‘o Vital signs : BP, HR, PV, CRT, ' 40 mUh & E

H o) Consclous cold skln uo 0. 3—1 mL/kg/hr - [

j ' o Hct, urine speC|f|c gravity ’ % . KVO {

oI g T v
23 LR $" oonut;uuuunuunnunbanuunpnununpnnn.né&uunuuk
Shock time ! ‘ 3 : ' ' ‘ .
| : : et ' ' l ;

|| — E : : - : : s Het.... :
oo SN © Rate of ICV fluid for ¢hildren (nm for adults) : ;
—_— - r v - .

Kalayanarooj S. and Nimmannitya S. In: Guidelines for Dengue and Dengue Haemorrhagic Fever Management. Bangkok Medical Publisher, Bangkok 2003.
WHO 2011. https://apps.who.int/iris/handle/10665/204894f
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Stepwise Approach for Management
of Dengue in Adults

% Diagnosis of dengue
“* Risk factors for severe disease
< Evaluation of dengue severity

(4

L/

[.

» Evaluation of disease phase

®

0

* Management (Critical phase) ]




Course of dengue

Paotential clinical issues

Laboratory changes

Febrile

Critical J Recovery

Intravascular volume
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Tissue edema/
organ failure
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Dehydration Fluid overload
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Keypoint for Management of Dengue
Patients in Critical Phase : Early Dx of DSS

h
4
%

# Adults with Multi-organs Failure

Prolonged shock : Vicious cy
(lactic acidosis, multi-organ f

7N

Lactic acidosis “ m - CFR >90%




‘@% Mahidol University

o/ Faculty of Tropical Medicine

o Circulatory failure :

v'Rapid and weak pulse

v Cold clammy skin particularly cold extremities
v PP <20 mmHg (25% of adults with DSS)

o Hypotension with tissue hypoperfusion :

v’ Dizziness, fainting, syncope, decrease urine
volume, restlessness, altered mental status

v Capillary refill time >2 second

wwmsmsitadeuazsnuilsaldidonsonnd atuedunsziiosi dusuumnd. nsamma @ nssmsasnsage ; 2561, wih 22-92.
https:/ /www.dms.go.th/backend//Content/Content_FlIle/Bandner_(Small)/Attach/25640302103903AM_CPG%20Adult%20Dengue.pdf



MAHIDOL

ow to Choose Type of IV Fluid™"
in Dengue Shock Syndrome?

1. Isotonic crystalloid :

" 5% dextrose in normal saline

= 0.9 sodium chloride

2. Balanced crystalloid :

= Acetated Ringer's with /without 5% dextrose
= Lactated Ringer's with /without 5% dextrose
3. Colloid :

= 5% human albumin

= 10% Dextran-40 in NSS

Note: Patients with BS >200 mg/dl should avoid
providing IV fluid containing 5% dextrose.



Choice of IV fluid in DSS?
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Double-blind RCT : Colloid (Dextran 70 [12 pts|/3% gelatin [13 pts])
: Crystalloid (Ringer’s lactate [13 pts]/0.9%NaCl [12pts])

Effect of
Comparison of fluid type
Baseline value baseline values Change at peak dose over time
Parameter Fluid type n (95% CI) (P value)* (95% CI) (P value)!
Hematocrit (%) Crystalloid 25 49.6 (47.4-51.8) 53 —6.15 (—45—17.7) 01
Colloid 25 47.5 (45.349.7) —0.78 (—=7.4-—11.9)
Pulse rate (beats/min) Crystalloid 25 120 (114-126) 34 — 1258 (—-6.2——17.8) A7
[Collaid 15 124 /110 178 1598 7 17 S
Systolic blood pressure (mm Hg) Crystalloid 25 98.8 (94-103.5) .03 +35.0 (9.7-0.31) .005
Colloid 25 88.6 (79.5-97.7) +20.4% (12.3-24.5)
Diastolic blood pressure {mm Hg) Crystalloid 25 81.0 (T6.1-586.0) .04 —4.2 (—-9.4-+1.0) 07
Colloid 3 23466 0RO R Ll 2524 5]
Pulse pressure (mm Hg) Crystalloid 25 17.8 (16.3-19.3) A5 +9.4% (6.9-12.0) 02
Colloid 25 154 (12.3-18.5) +14.6% (0.7-2.0)
Cardiac index (L/min - m’) Crystalloid 25 227 (2.11-2.44) A7 +0.64* (0.47-0.80) 02
Colloid 25 2,18 (1.95-2.41) +1.0° (0.73-1.3)

Children Dengue

Dung NM et al. Clin Infect Dis 1999;29:787-94.
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Choice of IV fluid in DSS?

Children Dengue
Double-blind RCT: Colloid (Dextran 70 [55 pts]/3% gelatin [56 pts])

PP recovery time

Decrease HCT

Decrease PR

: Crystalloid (Ringer’s lactate [55 pts|/0.9%NaCl [56 pts])

Solution administered

All patients ﬁextran 70 Gelat“ Lactate Ringer's  "Mormal” saline
Outcome variable in = 222) in = 55) (n = 56} {n = BB) (n = 56) P
- | |
PPRT, h median (range) 0.75 (0.25-7) 0.50 {0.25-3) 0.50 ﬂD.ES—I# 0.7 {0.25-7) 0.75 (0.25-3) 0307
PPRT =1 h, no. (%) of patients 21 (8.5) 3 (5.5 315.4) 11 (20) 4(7.1) 022°
"Reshock” rate, no. (%) of patients 63 (28.4) 16 {29.1) 15 (26.8) 16 {29.1) 16 (28.8) 992
Time to first episode of "reshock” (n = 63)
Mean h + 5D 11.7 £ 55 15 £ 6.8 114+ 4 10 £ 41 103 £ 586 068
Range 1.5-23 2.5-23 3-17 3-16 1.5-23
eSE0000ALY
Decrease in hematocrit at 1 h, %
Mean + SD 84 + 38 115 + 3.3 9.7 £ 30 57 +£28 65+ 29 <0017
Range —2t019 21019 0to 16 —210 13 0to17
Decrease in pulse at 1 h, beats/min
Mean = 5D 161 = 101 149 =+ 99 1856 = 11.3 132 + 92 135 = 89 023°
Range 20-44 —20 to 36 0-44 —10 to 36 0-40
Total volume of v Tluid infused, mL/kg
Mean + SD 1341 + 206 1343 + 221 136 + 2356 1342 + 199 1329 + 166 954
Range 89-212 89-189 93-212 103-182 106-172
Requirement for dextran after first hour, no. (%) of
patients 69 (31.1) 17 {30.9) 15 (26.8) 20 (36.4) 17 (30.4) 749
Volume of dextran after first hour, mlfkg (n = 69)°
Mean = 5D 283 = 127 221 = 6.1 307 =+ 116 335 + 143 263 = 143 0357
Range 10-69 10-37.5 14.5-57 15-64 15-69
Required frusemide, no. (%) of patients 35 (15.7) 5 (9.1} 10 (17.9) 8 (14.5) 12 (21.4) 328

NOTE. FPRT pulse pressure recovery time.

Ngo NT et al.

Clin Infect Dis. 2001;32(2):204-13.
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Choice of IV fluid in DSS?

Double-blind RCT * =k oorer Children Dengue

517 Enrolled 129 Mot enrolled; all recovered
5 Refused consent
91 Because of logistic
problems with supply of
study fluids in Vietnam
33 Because of temporary
suspension of study pending

safety analysis

L

Group 1 383 Underwent randomization Group 2 129 Underwent randomization

|

126 Assigned to dextran 129 Assigned to starch

PP >10-=<20 mmHg PP <10 mmHg

128 Assigned to
Ringer's lactate

Will BA et al. N Engl J Med 2005;353:877-89.

67 Assigned to dextran 62 Assigned to starch
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Kaplan-Meier Curves form Fluid Resuscitation to
Initial Cardiovascular Stability

Double-blind RCT

= Dextran
— Starch
1.0+ = Ringer's lactate

1.2+

0.8+

0.6+

0.4+ :

0.2 I
0.0
P=0.02 (log-rank test)

-0.2 I T T T T T T 1
0 2 4 6 8 10 12 14 16

Time (hr)

Patients who received RLS took longer time to
achieve initial cardiovascular stability.

Proportion of Patients with Shock

Will BA et al. N Engl J Med 2005;353:877-89.
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Kaplan-Meier Curves form Fluid Resuscitation to
Sustained Cardiovascular Stability

Double-blind RCT

= Dextran
== Starch
Ringer's lactate

1.2+

1.0+

0.8+

0.6

0.4+

0.2+

Proportion of Patients with Shock

0.0+

P=0.18 (log-rank test)
-0.2 T T I 1
0 20 40 60 80

Time (hr)

Severe allergic type reactions : 6% Dextran 70 (P <0.001)

Will BA et al. N Engl J Med 2005;353:877-89.
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Clinical Characteristics of Dengue Shock
Syndrome in Vietnamese Children: A 10-Year
Prospective Study in a Single Hospital

Phung Khanh Lam,! Dong Thi Hoai Tamz2 Tran Vinh Diet? Cao Thi Tam}? Nguyen Thi Hanh Tien,! MNguyen Tan Thanh Kieu,!
Cameron Simmuns,t“deremv Farrar,"! MNguyen Thi Ngoc N!.]H,3 Phan Tu Qui,"? Nguyen Minh [Ilung,3 Marcel Wolbers,"*
and Bridget Wills™*

"0Oxford University Clinical Research Unit, Hospital for Tropical Diseases, “University of Medicine and Phamacy of Ho Chi Minh City, and *Hospital for
Tropical Diseases, Ho Chi Minh City, Vietnam; and *Centre for Tropical Medicine, Centre for Clinical Vaccinology and Tropical Medicine, University of
Oxford, United Kingdom

Lam PK et al. Clin Infect Dis. 2013;57(11):1577-86.

Considering the observational study only, most children recovered well

with standard crystalloid resuscitation, although 547 of 1211 (45%) patients
also received colloid therapy, 244 (45%) of them within the first 2 hours.



‘#% MAHIDOL

Rate of infusion in DSS

Wisdom of the Land

Name BW kg Moo CODBY.c.ooor SN MoE%m... ... +..CCDaY=........C0M
' ’ ' )
19 4 6hene . CC - ' . . 1. '
x " ! i Adjust rate of iv fluid: |
¢ 10-5 mihg™ 1 ' . . ' '
il (200120 mitvy | ' o Vital signs : BP, HR, PV, CRT :
6l T — ' o Conscious, cold skin, UO 0.5-1 mL/kg/hr
N : ! o Hct, urine specific gravi :
%1 s - 53 mbhgv : ! P EC 9 ty :
s4 57 DHF gr. Il 5-10 mUkg/A™N ey & oswasem . ;
“1 7 (250-500 mliv drip in 1-2 h) | : 1S midgh | |
3 4 ' ! (OS0mihe b ;
s DHF gr. IV: 20 ml/kg iv bolus} ! ' 1 Smighe KVO :
b4 £1000 ml iv bolus in 15 min) S E : e i -
- ! ) e |
2 v v i
1 2 2 &4 $ & N & ¢ W o ¥ WM ¥ W T W W BN ABD M
] ] ' hoor )
shock ' Rate of IV Musdd for childean (Rate for acults) ' !
How | ' J 2 STl ST el 7 S8l ]2 3wl s w7 B 9[0]21]2]25] 29
[ Time
Type IV
Intake
T,
Het (%)

Kalayanarooj S. and Nimmannitya S. In: Guidelines for Dengue and Dengue Haemorrhagic Fever Management. Bangkok Medical Publisher, Bangkok 2003.
WHO 2011. https://apps.who.int/iris/handle/10665/204894f
WHO 2009. https://apps.who.int/iris/handle/10665/44188
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O MINTIRFAAMNUYN 4-6 T3l 81aviN1snTITbvindulugUleniinnzidenseninung
*  Jsuudaane

O msUsudiudsinalaanzyn 4-8 Tludludienlifinnemeiden
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AR5 MsHUSulaanizesn 0.5 mlke/h

Short guideline for dengue case management 2023
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Dose and Duration of IV fluid in DSS?

Confirmed Dengue

N=1734
: : 12%
I : p |
Shock at enrolment
(I:’o_E;hsozczlt} (N = 151)fii) or after
- | enrolment (N = 53)
. 1 1 49% 39% °
Time of No Shock No Shock No Shock Shock
first FA No FA FA FA+RD only +FA
orshock | (N =821)0 (N=672) | (N=17)@ (N=102)® day
Disease +RD +FA +FA+RD +RD
progression (N=15) (N =85) (N=5) (N=8)
under
prospective
follow-up +RD
(N=7)

Children and Adults with Dengue

Study Area : Asia and Latin America

Rosenberger KD et al. TMIH 2016;21:445-53.
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Multivariable Cox Regression Analysis for Risk
Factors of Respiratory Distress and Fluid
Accumulation in DSS

ﬂespirator}' distress with ﬂuim
Shock accumulation

Predictor AHR (P-value) 95%Cl AHR (P-value) 95%Cl
Demographics/anthropometry/referral history
Age group Age <15 yrs
=15 years Reference Reference
< 15 years 1.92 (0.1086) 0.87-4.25 3.85 (0.001) 1.69-8.77
Sex
Male Reference
Female 2.05 (0.031) 1.07-3.95
BMI
Underweight 2.62(0.012) 1.24-5.54
Normal Reference
Overweight 1.94 (0.145) 0.80-4.70
Inpatient referral Referral Pts
No Reference
Yes 1.81 (0.064) 0.97-3.39
IV fluid management
Fluid administration prior to enrolment/referral Greater & Longer
No fluid Reference g
Fluid administered 2.60 (0.033) 1.08-6.27
Amount of IV fluids (10 ml/kg) in previous 24 h period 1.11 (0.059) 1.00-1.23 1.18 (< 0.001) 1.10-1.28
Number of days with IV fluid therapy (until previous day) 1.66 (0.004) 1.17-2.34
Fluid bolus administered in previous 24 h period luid bolus
No

eference
Yes \2.90 (0.005) 1.3?—6.y

Rosenberger KD et al. TMIH 2016;21:445-53.
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Multivariable Cox Regression Analysis for
Risk Factors of Respiratory Distress and
Fluid Accumulation in DSS

Respiratory distress with fluid

Shock accumulation
Predictor AHR (P-value) 95%Cl AHR (P-value) 95%Cl
Demographics/anthropometry/referral history
Age group
=15 years Reference Reference
< 15 years 1.92 (0.1086) 0.87-4.25 3.85 (0.001) 1.69-8.77
Sex
Male Reference
Female 2.05 (0.031) 1.07-3.95
BMI
Underweight 2.62(0.012) 1.24-5.54
Normal Reference
Overweight 1.94 (0.145) 0.80-4.70

Rapid (<30min) and large fluid bolus (>15 ml/kg)
should be avoided, unless the patient is hypotensive.

Dondorp AM et al. In: Dondorp AM, Dtnser MW, Schultz MJ, editors.
Sepsis Management in Resource-limited Settings [Internet]. Cham (CH): Springer; 2019.

Fluid bolus administered in previou.:; 24 h pe;iod
No Reference
Yes 2.90 (0.005) 1.37-6.12
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Madanayake et al. BMC Infectious Diseases (2021) 21:286

s BMC Infectious Diseases Patients admitted with dengue fever to the place of study
(Professorial medical unit at Colombo South Teaching Hospital)

Fluid requirement in adult dengue f’

critical phase of the illness: an recruitment

observational study

AEU Jayawardena®, S L Wijekoon®, N Perera and JKP Wanigasuriya'*'

* An observational follow-up study was conducted in Sri Lanka Fatients de"el°€;:fd2‘;$ leakage during

from Jan—Jul 2017 Age>18 years
* University Medical Unit of Colombo South Teaching
Hospital, Sri Lanka

= Chronic kidney

* 115 DHF patients with aged >18 years disease*
*  Aims of this study : = Heart failure #
. . . . . ® Chronic liver
o toidentify the fluid requirements of DHF patients di
. . . . isease p Excluded from
o to identify whether features of fluid overload are present in study
patients who exceeded the fluid quota

Enrolled for the study

Madanayake P et al. BMC Infect Dis. 2021;21(1):286. doi: 10.1186/s12879-021-05971-6.



Fluid requirement (mL)
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Fluid Requirement of the Study Population

Based On the Body Weight

r=0.12
p>0.05

* Fluid requirement of the patients were
plotted against the body weight of the
patients.

Fluid requirement was not seen to
correlate with the body weight of the
patient or the BMI of the patient.

* Patients with body weight of >50 kg
required the same amount of fluid as

2000~ patients with body weight 50 kg.
) o o o
< © ) =
Body weight (Kg)

Madanayake P et al. BMC Infect Dis. 2021;21(1):286. doi: 10.1186/s12879-021-05971-6.
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Parameter <M + 5% M + 5%~7.5% deficit 2M +7.5% P value
deficit n=>56 deficit
n=35 n=24

Fluid administered during 0-48 h of the critical phase (ml), mean (5D)?

0-12 11974 (623) ) 14399 (349.3) 15967 (359.17) <0.00071
13-24 1180.4 (30.4) 1327.9 (238.6) 1831.1 (570.5) <0.00071
25-36 1170.1 (97.6) 1305.1 (245.6) 1391.9 (341.7) <0.0001
37-48 11413 (1139 J 12087 (186.4) J 12385 2465 0.01
Category of DHF, n (%)
Grade | and Il 35 (100) 46 (82.1) 7(29.2)
| Grade I 0 10 (17.9) 15 (62.5) <0.00071 |
I Grade IV 0 0 2(83) I

#Analysed by kruskal-Wallis test

Madanayake P et al. BMC Infect Dis. 2021;21(1):286. doi: 10.1186/512879-021-05971-6.
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resence of Fluid Overload in the Study Population

Patients were examined at the end of the critical phase (48 h later) by the research team for evidence of fluid overload.

4,689 mi 5,282 ml 6,058 mli
Fluid overload <M + 5% M+ 5% - M+ 7.5% =M+ 7.5% P value
n=35 n =56 n=24
None 35 (100) 54 (96.4) 12 (50) <0.0001
Mild 0 2(3.6) 6 (25)
IModerate—severe I 0 0 |6 (25) I

* Mild fluid overload evidence by facial puffiness.
* Moderate to severe fluid overload evidence by SOB due to moderate to severe ascites and/or large pleural effusion with

receiving diuretic therapy for relieve symptoms of fluid overload.

o Reasons for administering excess fluid included evidence of shock (96%) and rising HCT (4%).
o Patients requiring fluid > M + 7.5% (=6 L) needed saline boluses, dextran and blood transfusion more frequently

than patients who received fluid <7.5% deficit.

Fluid requirement in DSS during critical phase (48 h) =6 L

Madanayake P et al. BMC Infect Dis. 2021;21(1):286. doi: 10.1186/s12879-021-05971-6.
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Clinical symptoms/signs of DSS
(DHF grade Ill or compensated shock or PP £20 mmHg)

UNIVERSITY

Wisdom of the Land

!

Immediately management: HCT+ blood glucose testing + oxygen therapy
5%D/NSS (DAR/DLR) 10 ml/kg (children) or 500 ml (adults) IV drip in 1-2 h

Improved *

Reduce rate of IV fluid

« 7,5,3,1.5 ml/kg/h (children)
. 250,150,100,80,40 ml/h (adults)
Stop/decrease IV fluid after 24 h

Not improved

| —

* Not improved

Check A,B,C,S,F (Table 2) and correct

v

HCT increase

DAR : Acetate Ringer’s Solution in dextrose
DHF : Dengue Hemorrhagic Fever

DLR : Lactate Ringer’s Solution in dextrose
DSS : Dengue Shock Syndrome

FWB : Fresh Whole Blood

HCT : Hematocrit

IV : Intravenous

NSS : Normal Saline Solution

I'V

Dextran-40 in NSS IV dripin1h
* 10 ml/kg (children)
* 500 ml (adults)

\

L

v

HCT decrease

'_I

PRC/FWB IV dripin1-2 h
* 5-10 ml/kg (children)
* 1 unit (adults)

Improved

NS1 Ag : Nonstructural protein-1 Antigen

HCT decrease >10 points
or below baseline

L

HCT decrease <10 points

 Check A,B,C,S,F
(Table 2) and correct
* Plan for RRT

PRC : Packed Red Cells

PP : Pulse Pressure
RRT : Renal Replacement Therapy
Not improved
L

PRC/FWB IV drip in 1-2 h
* 5-10 ml/kg (children)
* 1 unit (adults)

J

Improved

Reduce rate of IV fluid

 7,5,3,1.5 ml/kg/h (children)

. 250,150,100,80,40 ml/h (adults)
Stop/decrease IV fluid after 24 h

Short guideline for dengue case management 2023
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"DHF grade IV or decompensated shock or BP/PR can not be measured)

~

Wisdom of the Land

v

* Immediately management: HCT+ blood glucose testing + oxygen therapy

NSS/AR/LR IV free flow or 10 ml/kg (children) or 500-1000 ml (adults) IV bolus
* Check A,B,C,S,F (Table 2) and correct

h Improved

Change IV fluid to 5%D/NSS 10 ml/kg (children) Not i

Not improved T *

Repeat IV fluid bolus
NaHCO3 1-2 mEqg/kg

a

mproved |

Check HCT

(children) or 50-100
ml (adults)

or 500 ml (adults) IV drip in 1-2 h

AR : Acetate Ringer’s Solution
BP : Blood pressure

Improved r

LR : Lactate Ringer’s Solution

DHF : Dengue Hemorrhagic Fever

v
HCT increase

Ly

FWB : Fresh Whole Blood

Reduce rate of 1V fluid
* 7,5,3,1.5 ml/kg/h (children)
. 250,150,100,80,40 ml/h

HCT : Hematocrit

IV : Intravenous

NSS : Normal Saline Solution
PR : Pulse Rate

PRC : Packed Red Cells

Dextran-40 in NSS IV dripin1h
* 10 ml/kg (children)
* 500 ml (adults)

(adults)

RRT : Renal Replacement Th

Tapy |

Stop/decrease IV fluid after 24 h ¥

v

v

HCT decrease

l1

PRC/FWB IV dripin 1-2 h
* 5-10 ml/kg (children)
* 1 unit (adults)

HCT decrease >

or below baseline

10 points

HCT decrease <10 points

r‘ Improved

Y
; l:?Ihezck A,:,C,S,F PRC/FWB IV drip in 1-2 h
S aPIe )fanRI:_I(?rrect . e 5-10 ml/kg (children) _llm roved
an for Notimproved | , 1 ,nit (adults) P

Reduce rate of IV fluid

 7,5,3,1.5 ml/kg/h (children)

. 250,150,100,80,40 ml/h (adults)
Stop/decrease IV fluid after 24 h

Short guideline for dengue case management 2023
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Abbreviations Laboratory investigations |[Notes
A-Acidosis Blood gas — Metabolic acidosis indicates prolonged shock
(capillary or venous) with organ impairment such as acute liver failure

and acute kidney injury.

— AST, ALT, ALB, BUN, Cr, Electrolytes

— 7.5%NaHCO3 IV

o 1-2 mEq/kg (children)

o 50-100 ml (adults)

B-Bleeding Hematocrit — If hematocrit decrease, lower than baseline, or
not rising 220% when develop shock which
indicate bleeding or intravascular hemolysis.

— Cross match for PRC transfusion

C-Calcium Serum calcium or ionized — Hypocalcemia is common in DHF patients, but
calcium asymptomatic.
— Calcium supplement is indicated in complicated
cases.

— 10% calcium gluconate IV dilute and push slowly
>5 min or IV drip in 10-20 min

o 1 ml/kg (children)

o 10 ml (adults)

S-Blood sugar Blood sugar — Patients with impaired liver function may have
hypoglycemia.

— Diabetes patients may have hyperglycemia.

— Random blood glucose or glucostix test

F-Fluid overload [Physical examination — Furosemide IV
Chest radiography, o 1 mg/kg/dose (children)
Ultrasound o 40 mg (adults)

Short guideline for dengue case management 2023
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YAUIYIUNSINA 10% Dextran-40 in NSS

* JUleniiAaunlvasaiiadullelasu isotonic crystalloid TuuSunamnn wae

§93 unstable vital signs N15lA5U isotonic crystalloid TuUSunauunn
wHnede N15IASU isotonic crystalloid MEeRs1L57 200-240 miZh Turas 6
Flususnudanniifiannisden wienslesu isotonic crystalloid Tusngs
100-120 mUh Tugrsndsanniidenisdenuiunin 6 Falus

* Ulelionnisiuunias wiuntien visemelagiuin wagdadimaunlnais
ATHEY
* UlendspadiandunlnaSaiiudusey o Ussunasesay 25-30 91NLA

Ua9aNlAsU isotonic crystalloid muUBLULYN

Note

-5% albumin can be used in patients DSS or prolonged shock who having AKI.

-However, patients who receiving 5% albumin may develop more plasma leakage

than those with Dextran 40 as oncotic pressure of 5% albumin is similar to plasma.
Short guideline for dengue case management 2023
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N5 10% Dextran-40 in NSS

v a25vin1snsnad B lnasanauwazuaanisly dextran 40

Wisdom of the La

v’ §ns1159u849 dextran 40 A231% 10 mUkg/h (1in) waz 500 ml (flugy)
Tu 1 H9lug

v nmsudanadBunlneda Woanausunisliasuneely el

o fheifiddunesnanadliiiu 10 9auarlisiinine baseline iivesiiae
asusiavesansimaununsaendeadiiy isotonic crystalloid

o fheifiiBunlnesnanawnnnit 10 9eSeansininel baseline Linves

AUe Ivtindannizideneeninun@visan1ig intravascular hemolysis Lu
NSO AISLALRBANALYIY

Short guideline for dengue case management 2023



MAHIDOL
UNIVERSITY
Wisdom of the Land

Hematological Complications in Dengue

* Abnormal bleeding

v'Not severe : petechiae, ecchymosis, gum
bleeding, epistaxis, heavy and frequent
menstrual bleeding

v'Severe : GI bleeding

* Lab. investigations

v Low platelet
v'Abnormal coagulogram

o DHF: Prolonged APTT & TT > PT
o DSS (prolonged shock): Prolonged APTT & TT & PT

AN sUNANNE. NMTYUATNEILAIATULTINIARTINTUN TN, v&90. 11l ee-and.



Cutaneous Bleeding in Dengue

Ecchymosis




Mucosal Bleeding in Dengue

Gum Bleeding Epistaxis GI bleeding

7N
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Hematuria and Intravascular Hemoly81s in
Dengue

Hematuria

Hemoglobinuria
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GI Bleeding/Lung hemorrhage/ Exit site
Bleeding
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Management of Bleeding in
Dengue

o Bleeding in dengue : Low PLT, APTT
prolong, PT prolong (liver failure)

o PRC or LPRC >>> PLT or FFP
o Prolonged shock : Vicious cycle

WHO, 2009; WHO 2012
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v 1 QQIJ Y A
ﬁuamﬂumﬂmaaﬂmmmu

mmmmﬂmLaamaaﬂmmmﬁaaau 10 Guawﬁmmaaﬂmwm (6-8
mt/kg) mammmﬂwwmmaamaaﬂ >300 ml

mma‘lﬁﬂmaamm wWvizraslsasiaadidle selsansaneuly G6PD 7
1017880 L1191nINE intravascular hemolysis

N‘U’JEJﬂ’]’JwLMﬂGU@ﬂVlENﬂﬁﬂJ unstable vital signs maqlmumsu’mmmu
mwmaamaamﬂuﬂsmmmm maimmmaaammwLﬁaf’uaqa'ﬁmaﬂﬂ
LazHATUINATAANAIINNAN WA ¥I8RA1NI1AT baseline LANUDY
AVl

r;’iﬂfaEJﬁﬁm%mﬂm%maﬂmmﬂﬂ"jw 10 90 w3esledunlnesnansinine
basetme AuvaanUae 893N AU dextran 40 TuuSunu 10 miZkeg/h

=

(1) w38 500 ml (@Ingy) Turaan 1 14l

Short guideline for dengue case management 2023
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Balance O, Delivery & O, Consumption in
DSS

DO->

CO x [(SaO2 x Hb x 1.34)
+ (0.003 x Pa0y)]

VO,

Non-invasive methods : COx (Ca0, - CvO,)

v Fluid responsiveness

Blood transfusion
AST&ALT /Serum lactate

e p - A

Decrease DO

Hypovolemia, Increase VO,

Bleeding, Fever, Rigors, Pain,
Heart failure, Work of breathing
Respiratory failure Tissue
\_ J oxygenation \_ -
A0 s ENE: HHeATHETIIAR LN TUN T, v&D0. KU enw-adw.

Molnar Z et al Curr Opin Anesthesiol. 2017;30:171-7.
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Backward Stepwise Regression Model
to Predict Lactate in Dengue Patients

R? 0.473, adjusted R* 0.462, F3 ;,544.22, P-value <0.001

Explanatory variable Coefficient b P-value
Constant 1.872 <0.001
Alanine aminotransferase (ALT) 0.001 <0.001
Serum creatinine (Cr) 0.620 0.006
Cardiac index (CI) -0.256 0.012

Lactate = 1.872 + 0.001 ALT + 0.620 Cr - 0.256 CI

Thanachartwet V et al. BMC Infect Dis. 2015;15:420. doi: 10.1186/s12879-015-1150-2.
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Prophylactic PLT/FFP
Transfusion in Dengue???

QUESTION: PLT prophylaxis?

1. PLT < 50,000

2. PLT < 20,000
3. PLT < 10,000



Received PLT/FFP
No any PLT/FFP

Period groups

‘ Trezmtmnan‘lp.'fr

1990-1996 1997-2000 Group | Group 2
Clinical parameter* (n = 53) (n =53) P value (n =60) (n = 46) P value
Age (y) 6.0 (0.1-11.7) 6.0 (0.1-12.0) 795 6.0 (0.1-11.0) 6.0 (0.3-12.0) 243
Male:Female ratio 1:0.9 I:l 846 1:0.8 I:1.2 448
Duration of shock (h) 4.0 (0.1-11.0) 6.0 (3.0-12.7) .805 4.0 (0.1-11.4) 4.0 (0.1-9.8) 918
Percentage increase 53.0 (15.5-96.7) 42.0 (11.0-100.0) 539 53.0 (15.8-94.8) 42.0 (9.5-100.0) 239
in hematocrit
Lowest platelet 22.0 (8.3-117.8) 21.0 (5.0-70.6) A72 20.5 (5.0-75.7) 220 (8.1-120.6) 127
count (X 10°/L)
Highest Prothrombin 1.2 (1.0-2.8) 12 (1.0-20) 194 1.2 (1.0-2.7) I.1 (1.0-1.5) 207
time ratio
Highest Partial 72.1 (35.4-124.7) 75.7 (45.0-202.0) 395 77.7 (43.8-158.8) 71.3 (35.0-202.0) 347
____Thromboplastin time (sec)
Total volume of FFP 20 (0.0-68.4) 0.0 (0.0-40.0) .000 20.0 (0.0-66.2) 0 (0.0-0.0) 000
transfused (mL/kg)
Total platelets 0.1 (0.0-0.9) 0.0 (0.0-0.6) .000 0.2 (0.0-0.9) 0 (0.0-0.0) 000
transfused (U/kg)
otal flurd balance (m . A-176. ] -205: . 121.0 (4.7-273.2) 107.0 (53.5-185.3) 045
_Days of thrombocytopenia 5.0(03-12.7) 2.0 (3.0-93) |35 5.0(2.0-90) 40 (04-13.8) 395
Days of hospitalization 7.0 (4.0-19.6) 6.0 (3.0-12.7) 023 7.0 (4.0-17.0) 5.0 (3.0-17.3) 000
| Incidence{ ol of bleading 56644326003 49| (36167 255 60-0-(4-Td el l 35— (302578 36
(95% Cl)
Incidence (%) of pulmonary 22.6 (13.5-35.5) 17.0 (9.2-29.2) 626 30.0 (19.942.5) 6.5 (9.2-29.2) 006

edema (95% Cl)

Lum LC et al. J Pediatr 2003;143(5):682-4




Percentage Change in PLT, PT and APTT
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after Transfusion of PLT conc. and FFP

97.5 centile% change

2.5 centile% change

@ -

PLT median % change

97.5 centile% change

2.5 centile% change

[ —

PTR median % change

\  97.5 centile% change
]
1

2.5 centile% change

& FTT median % change

300
Improvement of PLT/PT/APTT lasted <5 hours
T
2504 |
I
| —
2004 | |
| I
| I
150 « |ﬁ m —r - -r -
| '; I I -r I : - !
1 A |[-F C : '
' ! [ ] ! | b
1004 L = %I_:_ Tiﬂ +I"‘
- __l ..-L i J
50 o
n=20 n=16 n=11 n=11 n=11
U o w w | o
1 3 5 7 9

Time in hour after transfusion

Lum LC et al. J Pediatr 2003;143(5):682-4



Prophylactic platelet transfusion plus supportive care versus @™ @
supportive care alone in adults with dengue and
thrombocytopenia: a multicentre, open-label, randomised,

superiority trial

David C Lye, Sophia Archuleta, Sharifah F Syed-Omar, Jenny G Low, Helen M Oh, Yuan Wei, Dale Fisher, Sasheela 5 L Ponnarmpalavanar,
Lirmin Wijaya, Linda K Lee, Eng-Eong Ooi, Adeeba Kamarwlzaman, Lucy C Lum, Paul A Tambyah, Yee-Sin Leo

3738 patients assessed for ehigibality

3366 excludead
2700 ded not meet inchusion o
met exclusion criteria
> 36 investigator's decision
168 no staff aroend to recruit
¥ 459 dechined consent
3 discharged at own rsk

372 randamised

v v

188 assigned to prophylactsc platelet 184 assigned to supportive care
transfusicn

188 assigned to prophylactic 184 assigned to supportive care
Platelet transfusion
Lye DC et al. Lancet. 2017;389(10079):1611-1618. doi: 10.1016/S0140-6736(17)30269-6.
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Mean Daily Platelet Count

3004 — Transfusion group
—— Control group

2504
= 200
o
=
b
™
X 1504
1=
=
S
T 1004
]
I
oo

501

0

0
Study d
Mumber of observations vey
Transfusion group .. 187 181 147 70 24 8 4 163
Controlgroup .. 182 179 149 67 18 6 3 154

Lye DC et al. Lancet. 2017;389(10079):1611-1618. doi: 10.1016/S0140-6736(17)30269-6.
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Adverse events Transfused patients Controls
(n=188) (n=181)

Cardiac disorders Chest pain 1 (0-53%) 0

Fluid overload 1 (0-53%) 0
Immune system disorders Urticaria 3 (1-60%) 0

Anaphylactic reaction 1 (0-53%) 0
Infections and infestations Infectious pleural effusion 0 1(0-55%)

Abscess 0 1(0-55%)
Injury, poisoning and Fall 0 1 (0-55%)
procedural complications Transfusion-related acute lung injury 1 (0-53%) 0
Metabolism and nutrition Hypokalaemia 1 (0-53%) 0
disorders
Respiratory, thoracic and Epistaxis 2 (1-06%) 0
mediastinal disorders
Skin and subcutaneous tissue Pruritus 1 (0-53%) 0
disorders Maculopapular rash 1 (0-53%) 0
Vascular disorders Haematoma 1 (0-53%) 0

Lye DC et al. Lancet. 2017;389(10079):1611-1618. doi: 10.1016/S0140-6736(17)30269-6.
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Potential Harm of Prophylactic Platelet
Transfusion in Adult Dengue Patients

Variable Non-transfused (n = 302) Transfused (n = 486) P
Clinical outcomes*

Volume of platelet given (mL) NA 234 (100-618) NA
Volume of fluid received (ml) per day 1400 (342-2878) 1530 (500-3000) <0.01
Received blood transfusion 1 5 0.41
Time to clinical bleeding, days 1(1-3) 1(1-3) 0.77
Platelet increment next day, x 1 latelets/mm® 5 (-6-31) 8 (-6-43) < 0.0001
Time for platelet count >50 x 10° platelets/mm?®, days 2 (0-4) 3 (1-5) < 0.0001
Clinical bleeding, without petechiae 55 (18.2%) 114 (23.5%) 0.08
Internal bleeding 4 (1.3%) 17 (3.4%) 0.07

|hleeding 28 (9 3% 89 (18.3%) 0.001

|Median length of hospital stay, days 5(5-7) 6 (4-8) < 0.0001
Liver failure 0 2 0.53
Renal failure 0 1 1

ICU admission 2 (0.66%) 6 (1.23%) 0.44
Death 0 (0%) 1(0.2%) 0.43

Lee Th et al. PLoS Negl Trop Dis. 2016;10(3):e0004576. doi: 10.1371/journal.pntd.0004576
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Stepwise Approach for Management
of Dengue in Adults

% Diagnosis of dengue
“* Risk factors for severe disease
< Evaluation of dengue severity

(4

L/

[.

» Evaluation of disease phase

®

0

* Management (Organ impairment) ]
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iver Complications in Dengue

* Hepatitis : 32-93% (AST/ALT = 2:1)
v Acute hepatitis : 4-15%
o AST/ALT >1000 U/L

o Abnormal bleeding, acute kidney injury, acalculus
cholecystitis, and encephalopathy 53U

v’ Fulminant hepatic failure : 0.2-5%
o Case fatality rate 35%

* Hypoalbuminemia : 13-66%
 Hyperbilirubinemia : 7-17%

AN sUNALING. NTguasnEILaIATULTINIARTINTUKTIE; b& 0. KN enn-awa.
Penafiel A et al. J intensive Care Med. 2006:21:369-71.
Kumaraaena RS et al. Hepatol Int. 2010;4:533-4.
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iver Complications in Dengue
(Management)

* Supportive treatment
* Avoid hepatotoxic drugs
* N-acetylcysteine i.v.
o 5 patients with hepatic encephalopathy grade I-II
= complete recovery
o 3 patients with hepatic encephalopathy grade III-IV
= Death
* Molecular adsorbent re-circulating system

o Recovery time of liver was similar to supportive
treatment.

A1 suALINE. ANTaLRThRILAINTULTININARTNTUR TN ; b&D0. KN en-aca.
Penafiel A et al. J intensive Care Med. 2006:21:369-71.
Kumaraaena RS et al. Hepatol Int. 2010;4:533-4.



MAHIDOL
&Y UNIVERSITY

Cardiac Complications in Dengue

Clinical manifestations

* Cardiac dysrhythmia : 29-63%

* Functional myocardial impairment : 40%

* Mpyocarditis : 15%

Pathogenesis

* Direct DENV infection and/or immune response

* Mpyocardial edema : plasma leakage

* Coronary hypoperfusion : volume depletion

* Electrolyte abnormalities : hypocalcemia, hypokalemia

A7 suNANNE. NMTQUATNEILAIATULIINIARTNTUN TV, & 0. KN ede-and.
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RESEARCH ARTICLE

Dynamic Measurement of Hemodynamic
Parameters and Cardiac Preload in Adults with
Dengue: A Prospective Observational Study

Vipa Thanachartwet' *, Anan Wattanathum?®, Duangjai Sahassananda®,
Petch Wacharasint®, Supat Chamnanchanunt', Ei Khine Kyaw', Akanitt Jittmittraphap®,
Mali Naksomphun®, Manoon Surabotsophon’, Varunee Desakorn’

1 Department of Clinical Tropical Medicine, Faculty of Tropical Medicine, Mahidol University, Bangkok
10400, Thailand, 2 Pulmonary and Critical Care Division, Department of Medicine, Phramongkutklac
Hospital, Bangkok 10400, Thailand, 3 Information Technology Unit, Faculty of Tropical Medicine, Mahidol
University, Bangkok 10400, Thailand, 4 Critical Care Division, Department of Anesthesiology,
Phramongkutklao Hospital, Bangkok 10400, Thailand, 5 Department of Microbiology and Immunology,
Faculty of Tropical Medicine, Mahidol University, Bangkok 10400, Thailand, 6 Hospital for Tropical Diseases,
Faculty of Tropical Medicine, Mahidol University, Bangkok 10400, Thailand, 7 Pulmonary and Critical Care
Division, Department of Medicine, Ramkhamhaeng Hospital, Bangkok 10240, Thailand

* vipa.tha @ mahidol.edu

Thanachartwet V et al. PLoS One. 2016;11(5):e0156135. doi: 10.1371 /journal.pone.0156135.
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250 aduits with suspected dengue admitted to the Hospital for Tropical Diseases,
Mahidol University, Bangkok in Thailand

— 38 patients had underlying medical iliness.
—» 31 patients had mixed infection.

— 14 patients had negative results for dengue RT-PCR,
micro-neutralization and anti-dengue virus
IgM/IgG antibodies.

—» 5 patients were <15 years of age.

A J

162 hospitalized adults with confirmed dengue
viral infection were recruited to the study

' '

145 (89.5%) patients did not develop dengue 17 (10.5%) patients developed
shock during hospitalization. dengue shock during hospitalization.

Thanachartwet V et al. PLoS One. 2016;11(5):e0156135. doi: 10.1371 /journal.pone.0156135.
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C
110 —e»— Patients with dengue shock
—— Patients without dengue shock
I
~ Febrile | Critical | Recovery
E i | |
= 90 ' S
o | L
8 1] ‘
P 80 i |
© I |
E 70 i 1
- -
60 Wi
I T
SG | I I 1 I II I I I[ 1 l I 1
N Ot A A - A A - T 15
Day after fever onset
HR (beats/min) Day2 | Day3d | Day4 | Day5 | Day6 | Day7 | Day8 | Day9 | Day 15
Dengue with shock (n) 2 4 7 13 15 15 12 9 15
Dengue without shock (n) 26 50 94 122 130 110 68 34 137
P-value NA 0311 | 0141 | 0533 | 0207 | 0648 | 0540 | 0126 | 0.041

Thanachartwet V et al. PLoS One. 2016;11(5):e0156135. doi: 10.1371 /journal.pone.0156135.
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60 —e— Patients with dengue shock
—— Patients without dengue shock

=]
-
£
E
o
>
W
0
-
=1
- l l
S | |
a 10 | |
I I
D | T T T T II 1 T 'II I I T 1
1T W~ T YO - 1 - 4 - I~ 15
Day after fever onset
PP (mmHg) Day2 | Day3 | Day4 | Day5 | Day6 | Day7 | Day8 | Day9 | Day 15
Dengue with shock (n) 2 4 7 13 15 15 12 9 15
Dengue without shock (n) | 26 50 94 | 122 | 130 | 10 | 68 34 | 136
P-value NA 0.166 | 0.031 | <0.001 | <0.001 | <0.001 | 0467 | 0.649 | 0486

Thanachartwet V et al. PLoS One. 2016;11(5):e0156135. doi: 10.1371 /journal.pone.0156135.
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5 - —e— Patients with dengue shock
i —+— Patients without dengue shock

i MAP = CO x TPR

j CO = SV xHR

U - 1 I I II | I II I . I |
4 S - - A - TR - T 15
Day after fever onset

Cardiac index (L/min/m?)

Cl (L/min/m’) Day2 | Day3 | Day4 | Day5 | Day6 | Day7 | Day8 | Day9 | Day 15
Dengue with shock (n) 2 4 7 13 15 15 12 9 15
Dengue without shock (n) 26 50 94 122 130 10 68 34 137
P-value MA 0252 | 0.103 | <0.001 | <0.001 | <0.001 | 0.001 | 0.066 | 0.116

Thanachartwet V et al. PLoS One. 2016;11(5):e0156135. doi: 10.1371 /journal.pone.0156135.
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Patients withydengue shock
— Patients withlout dengue shock
. 5000 I I Compensated
E : I I shock
@ . 4000 1 : : = Rapid and weak
: - T
%'*E : | | pulse
28 3000 7 = Cold clammy
=% : ‘ skin) particularly
- g 200 =-7= - o cold extremities
) ] — = CRT >2 sec
2~ 1000 AP = CO x TPR
® ] CO = SV x HR = PP <20 mmHg
|E U: T T T T II T T rI T l T 1 (25% in adUItS)
01 2 3 4 5 6 7 8 9 15 Decompensated
Day after fever onset shock
TPRI (dynes'sec/em’/m?) | Day2 | Day3 | Day4 | Day5 | Day6 | Day7 | Days | Day9 |Day15| = BP dI‘Op :
Dengue with shack (n) 2 4 7 13 15 15 12 9 15 hypotension
Dengue without shock (n) 26 50 94 122 130 110 68 34 136

= Organs failure
P-value NA 0472 | 0124 | 0001 | <0.001 [ <0.001 | 0.009 | 0.066 | 0.151

Thanachartwet V et al. PLoS One. 2016;11(5):e0156135. doi: 10.1371 /journal.pone.0156135.
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Day after fever onset
SVI (mL/m'/beat) Day2 | Day3 | Day4 | Day5 | Day6 | Day7 | Day8 | Day9 | Day 15
Dengue with shock (n) 2 4 7 13 15 15 12 9 15
Dengue without shock (n) | 26 50 94 122 130 110 68 34 137
P-value NA | 0128 | 0.018 | <0.001 | <0.001 | <0.001 | 0.003 | 0.024 | 0.005

Thanachartwet V et al. PLoS One. 2016;11(5):e0156135. doi: 10.1371 /journal.pone.0156135.
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Clinical/Lab & Outcomes

Characteristic All dengue DSS No DSS P-value
(n = 162) (n=17) (n = 145)

Skin bleeding 92 (57%) 13 (76%) 79 (54%) 0.141
Mucosal bleeding 78 (48%) 14 (82%) 64 (44%) 0.006
AKI 16 (10%) 6 (36%) 10 (7%) 0.002
Elevated Trop T 2 (1%) 2 (12%) 0] 0.010
NT-proBNP =500 23 (14%) 6 (35%) 17 (12%) 0.018
Death 2 (1%) 2 (12%) 0 0.010
DSS : AST/ALT >1,000IU/L 6 patients, 35%)]

: Impaired consciousness 4 patients, 24%)]

: Hypovolemic shock 9 patients, 53%)]

: Cardiogenic shock 8 patients, 47%)]

India : 62% of pts with DSS had LVEF <40%

Vietnam : severe dengue pts had combine systolic and diastolic dysfunction.

Thanachartwet V et al. PLoS One. 2016;11(5):e0156135. doi: 10.1371/journal.pone.0156135.
Wali JP et al. Int J Cardiol. 1998; 64(1):31-6.
Yacoub S et al. Crit Care Med. 2012; 40(2):477-83
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Neurological Complications in Dengue

* Neurological complications in dengue : 14-26%

* Central nervous system involvement (80%) :
headache, dizziness, vomiting, restlessness,
drowsiness, seizure and unconsciousness

o Encephalopathy : metabolic abnormalities
v'DSS coincide : 78-100%
v'CSF findings : normal WBC/protein/sugar

o Encephalitis : DENV invasion

v'Focal neurological signs
v'CSF findings : increase WBC, DENV detection

AN suaNNE. NTgUasnEILAIATULIINIIAATnTuNTual; k&0, N ena-eawa.
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MRI in Dengue Patients

No abnormalities : 22-54%
Abnormalities : 45-78%

o Cerebral edema

o Signal changes in thalamus, basal
ganglia and white matter, meningeal
enhancement

o CNS bleeding

Bhoi SK et a/. J Neurol Sci. 2014;342(1-2):36-41. doi: 10.1016/j.jns.2014.04.018.
AN suanNd. AMsguasnLavATuLTINNAdinlulIva; b&vo. KN eaw-ewe.
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Kidney Complications in Dengue

* Proteinuria : 22-43%
* Hematuria : 13%
* Acute kidney injury : 10-14%
v’ Case fatality rate : 9-29%
v'Risk factors for development of AKI in dengue :

o Diabetes mellitus
o DSS, MOFs
o Patients receiving NSAIDs or Selective Cox-inhibitors

o Patients receiving diuretics, ACEIs or ARBs as an anti-
HT drug

o Patients having bacterial co-infection

AN suaNNE. NTgUasnEILAIATULIINIIAATnTuNTual; k&0, N ena-eawa.
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Bacterial Co-infection in Dengue

Clinical manifestations

* Concurrent bacteremia (positive blood culture sampled from
patients < 72 hr after hospitalization) : 0.2-1.0% (CFR 29%)

e Bacterial co-infection : 0.3-4%

Clinical and Lab. suspected bacterial co-
infection in dengue :

* Prolonged fever

* Tachycardia

* Leukocytosis or bandemia
* MOFs particularly AKI

* Longer hospitalization

A1 sUAINE. ANTALRTAILAINTULTIN AR TN TUR TN ; b&D0. KU1 ebe-an&.
Trunfio M et al. Infection. 2017;45:1-10.
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Symptoms and Signs of Recovery
after Fever has Gone Away

 A-Appetite
 B-Bradycardia

e D-Diuresis

Short guideline for dengue case management 2023
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Stepwise Approach for Management
of Dengue in Adults

% Diagnosis of dengue
“* Risk factors for severe disease
< Evaluation of dengue severity

(4

L/

[.

» Evaluation of disease phase

®

0

* Management (Comorbidities) ]
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Perform HbAlc test on all patients with DM or hyperglycemia
EB)S >140 mg/dl), if not performed in the previous 3 months.
B
Insulin therapy should be initiated for treatment of persistent
hyperglycemia (BS 2180 mg/dl on two occasions). (A)
o A target glucose range of 140-180 mg/dl for most critically ill
and noncritically ill patients is recommended (A)
o A target glucose range of 100-180 mg/dl for noncritically ill
patients is recommended by experts.
Continue home therapy with oral glucose-lowering drugs may
be appropr1ate in certain circumstances of noncritical care
setting.

o Sodium-glucose cotransporter 2 (SGLT2) inhibitors should be
discontinued due to the risk of euglycemic DKA in patients with
infection.

Blood glucose monitoring
Consult with a specialized diabetes when possible (C)

ElSayed NA, et al. Diabetes Care. 2023;46(Suppl 1):S267-S278.
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Antihypertensive Drugs in Dengue

= Risk factors for development of AKI in dengue :
o Diabetes mellitus
o DSS, MOFs
o Patients receiving NSAIDs or Selective Cox-
inhibitors
o Patients receiving diuretics, ACEIs or ARBs as
an anti-HT drug

o Patients having bacterial co-infection

= Cardiac complications in dengue :
o Cardiac dysrhythmia : 29-63%
o Functional myocardial impairment : 40%
o Myocarditis : 15%

Thanachartwet V. Clinical management of severe dengue in adults; 2017. pp 161-175.
Thanachartwet V. Clinical management of severe dengue in adults; 2017. pp 177-193.
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ntiplatelets and Antlcoagulants in
Dengue

Risk of bleeding

Age >75 years

Diabetes, Hypertension

Prior bleeding within the previous 3 months
PLT count <100,000/mm?

Liver disease (INR >1.95)

CKD (eGFR <30 ml/min/m?)

Combined use of an anticoagulant and an
antiplatelet medication (ASA, NSAIDs etc.)

Dual antiplatelet therapy

Decousus H, et al. Chest 2011;139:69. Huhtakangas J, et al. Stroke 2011;42(9):2431

Boulanger M, et al. Neurology 2016;87(9):870. Ehelepola NDB, et al. Am J Trop Med Hyg. 2020;102(1):17-19.

Chia PY, et al. J Infect. 2021;82(2):270-275.
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Hints : Management of Dengue

Severe Plasma Severe Bleeding
Leakage ' (GI bleeding)

Multi-organs Failure
(AKI/ALF /Myocarditis/ ARDS)

Appropriate ATB

Bacterial Infection




mine the mass of objects it orbited. When
Cassini began threading the gap between
Saturn and its rings during its last passes,
the team could pick out the gravita-
tional pull of the rings—and hence their
mass. “The central value is consistently
0.4 Mimas’s mass,” Iess said. If theories
that link mass to age are correct, he added,
“This is a clear indication that the rings
did not form together with Saturn.”

That conclusion is buttressed by another
line of evidence presented at the meeting.
A constant rain of sooty micrometeorites
falls into Saturn from the edge of the so-
lar system, which would be expected to

INFECTIOUS DISEASE

Safety concerns derail
dengue vaccination program

Other vaccine candidates likely to face increased scrutiny

By Dennis Normile

he effort to deploy a pioneering vac-
cine against dengue, a mosquito-
borne disease that affects tens of

Health Sciences in Bethesda, Maryland, who
was among those who warned of possible
dangers early on. Its problems will certainly
increase serutinv of other vaccines now in
develop) @ cacuatr  In-Kyu Yoon, director of

darken the pristine water ice in the rings millions of people each year, is in | the Seo ‘.. - 3lobal Dengue & Aedes-
over time. How quickly they would darken disarray following Sanofi Pasteur’s | Transmi ... ses Consortium. “I think
depends on the bombardment rate, which November announcement that the | both di and country ministries
has been uncertain. vaccine’s use should be dramatically cur- | will be | 7 = Jre carefully at the issues

Up-and-coming dengue vaccines

Manufacturers for the two dengue vaccines following Sanofi Pasteur’s are collecting more data to evaluate safety;
results are expected by the end of 2018.

VACCINE MANUFACTURER VACCINE TYPE MECHANISM STATUS
Dengvaxia Sanofi Pasteur Live attenuated  Yellow fever vaccine backbone with key In use
genes from four dengue viruses
DENVax  Takeda Live attenuated  Dengue serotype 2 backbone with key Initial results
genes from other three dengue viruses late 2018
TV003/  National Institute of Allergy  Live attenuated ~ Wild-type strains with genetic mutations  Initial results
TV005 and Infectious Diseases late 2018

. https://www.science.org/doi/epdf/10.1126/science.358.6370.1514
and Butantan Institute
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in Healthy Children and Adolescents

Phase 3, double-blind, randomized, placebo-controlled trial

Healthy children and adolescents at 26 sites in Asia and Latin America
(dengue endemic area): Brazil (4 sites), Colombia (4 sites), the Dominican
Republic (2 sites), Nicaragua (1 sites), Panama (4 sites), the Philippines (4
sites), Sri Lanka (4 sites), and Thailand (3 sites)

Healthy children and adolescents 4 to 16 years of age were randomly
assigned in a 2:1 ratio to receive two doses of vaccine or placebo between
September 2016 and March 2017.

Vaccine and placebo were administered subcutaneously into the upper arm.

One 0.5-ml dose of TAK-003 contained approximately 3.6, 4.0, 4.6, and 5.1
log,, plaque-forming units of TDV-1, TDV-2, TDV-3, and TDV-4, respectively.

The placebo was a 0.5-ml injection of saline.
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in Healthy Children and Adolescents

During active surveillance, participants presenting with febrile
illness or clinically suspected dengue have blood samples taken in
the acute phase (i.e., as soon as possible and preferably within 5
days after fever onset) and convalescent phase (i.e., 7 to 14 days
after the acute-phase specimen is obtained).

Testing includes RT-PCR, ELISA for dengue NS1, IgM, and 1gG; and
HCT, PLT count, AST, ALT.

RT-PCR and NS1 ELISA are performed only on the acute-phase
specimen.

Efficacy analyses: virologically confirmed dengue is defined as
febrile illness or iliness clinically suspected to be dengue by the
investigator in association with a positive serotype-specific RT-PCR
result.
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Efficacy of a tetravalent dengue vaccine in healthy children
aged 4-16 years: a randomised, placebo-controlled,

phase 3 trial 1.5 yea r

Shibadas Biswal®, Charissa Borja-Tabora®, Luis Martinez Viargas, Hector Veldsquez, Maria Theresa Alera, Victor Sierra

Edith Johana Rodriguez-Arenales, Delia Yu, V Pujitha Wickramasinghe, Edson Duarte Moreira Jr, Asvini D Fernando, Dulanie Gunasekera,
Pope Kosalaraksa, Felix Espinoza, Eduardo Ldpez-Medina, Lulu Bravo, Suely Tuboi, Yanee Hutagalung, Pedro Garbes, lan Escudero,
Martina Rauscher, Svetlana Bizjajeva, Inge LeFevre, Astrid Borkowski Xavier Saez-Llorens”, Derek Wallace™, for the TIDES study groupt

Summary Tricou V, et al. Lancet. 2020;395(10234):1434-1443. doi: 10.1016/50140-6736(20)30556-0.

Background A substantial unmet need remains for safe and effective vaccines against dengue virus disease, particularly  Lancet 2020;305:1423-33
tor individuals who are dengue-naive and those younger than 9 years. We aimed to assess the efficacy, safety, and  pubiished oniine
immunogenicity of a live attenuated tetravalent dengue vaccine (TAK-003) in healthy children aged 4-16 years. March 17,2020
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Efficacy of a Dengue Vaccine Candidate (TAK-003)
in Healthy Children and Adolescents 2 Years after
Vaccination

Eduardo Lopez- M.d.n." Shibadas Biswal ** Xavier Saez-Llorens,’ l:lmlm Borja-Tabora,” Lulu Brave, ’l:ln.l:m Sirivichayakul,® Luis Mmm Vargas,
Maria Theresa Alera,” Hector Veldsquez.” Humberto Reynales,” Luis Rivera," Veerachai Watanaveeradej,” Edith Johana Rodriguez-Arenales,”
Delia Yu," Felix Espmm “Iwnalin Dietze,” LakKumar Fernando,” Pujitha Wickramasinghe," Edson Duarte Moreira Jr,” Asvini D. Fernando,™

Three-year Efficacy and Safety of Takeda’s Dengue Vaccine
Candidate (TAK-003)
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Summary

Background About half of the world's population lives in dengue-endemic areas. We aimed to evaluate the long-term
efficacy and safety of two doses of the tetravalent dengue vaccine TAK-003 in preventing symplomatic dengue disease
of any severity and due to any dengue virus (DENV) serotypes in children and adolescents.

Lancet Glob Health 2024;
1xe257-70
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23,401 Participants were assessed
for eligibility

e 3302 Were excluded

20,099 Underwent randomization

l

l

13,401 Were assigned to receive vaccine

6698 Were assigned to receive placebo

adose |=-—j

t—=-| 11 Did not receive a dose

13,380 Received at least one dose and
were included in the safety population

6687 Received at least one dose and
were included in the safety population

231 Discontinued trial before

second dose
9 Had adverse events

16 Were lost to follow-up

11 Were pregnant |
4 Had protocol violations

181 Withdrew or were
withdrawn
10 Had other reasons

Mahidol University

Faculty of Tropical Medicine

The NEW ENGLAND JOURMNAL of MEDICINE

ORIGINAL ARTICLE

Efficacy of a Tetravalent Dengue Vaccine

in Healthy Children and Adolescents

Table 1. Characteristics of the Participants at Baseline.*

122 Discontinued trial before
second dose
5 Had adverse events
S Were lost to follow-up
— 6 Were pregnant
2 Had protocol violations
102 Withdrew or were
withdrawn
2 Had other reasons

13,167 Received two doses

6574 Received two doses

l

l

13,038 Completed part 1

‘ ‘ 6521 Completed part 1

l

1

12,704 Underwent evaluation for illness and were
included in the per-protocol population

6317 Underwent evaluation for illness and were
included in the per-protocol population

l

l

12,700 Were included in the per-protocol
population with data on baseline
serostatus

3533 Were seronegative at baseline
9167 Were seropositive at baseline

6314 Were included in the per-protocol
population with data on baseline
serostatus

1726 Were seronegative at baseline
4588 Were seropositive at baseline

1

1

2518 Were included in the per-protocol
population for
immunogenicity analysis

1247 Were included in the per-protocol
population for

immunogenicity analysis

Population and Characteristic Vaccine Group Placebo Group Total

Per-protocol population

No. of participants 12,704 6317 19,021

Age —yr 9.613.35 9.6+3.34 9.6+3.35

Seronegative for dengue virus — no./total no. (%)} 3533/12,700 (27.8) 1726/6314 (27.3) 5259/19,014 (27.7)

Female sex — no. (%) 6314 (49.7) 3008 (49.0) 9,412 (49.5)

Asia-Pacific region — no. (%) 5896 (46.4) 2942 (46.6) 8,838 (46.5)
Seronegative for dengue virus — no./total no. (%) T 1503/5895 (25.5) 773/2940 (26.3) 2276/8835 (25.8)

Latin America— no. (%) 6808 (53.6) 3375 (53.4) 10,183 (53.5)

Seronegative for dengue virus — no./total no. (%)
Safety population:
No. of participants
Age —yr
Seronegative for dengue virus — no./total no. (%)
Female sex — no. (%)
Safety subpopulation{
No. of participants

Seronegative for dengue virus — no. (%)

2030/6805 (29.8)

13,380
9.6+3.36
3714/13,375 (27.8)
6651 (49.7)

2663
740 (27.8)

953/3374 (28.2)

6687
9.6+3.34
1832/6684 (27.4)
3276 (49.0)

1329
369 (27.8)

2983/10,179 (29.3)

20,071
9.6+3.35
5547/20,063 (27.6)
9,929 (49.5)

3993
1,109 (27.8)

Biswal S, et al. N Engl J Med 2019; 381:2009-2019.
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3302 not andomiy assigned
616 screen failoee:
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295 other
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¢
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¥
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Table 2 Vaccine Efficacy {95% CI) of TAK-003 in Preventon of VCD ODccwring Between 30 Days After Second Dose and End of Part 1 {Year 1, Month 4-151. and over 12 Months After End of Part 1{Year2, M:
16-27) Per Protocol Set Data

F U 2 TAKO03 VCD Cases” Placebo VCD Cases’ Vaccing Efficacy, % 85% CI)
yr) 8 vear 1 dear2 Yoar2 Year 1 Yearz
Overal B2 700 05 | | D I I 396316 261 | ] EEEETE | 80.2 {73.3-85.3) 562 #2 3-66.8)
sP T T 2.2 {1 5-876) @03 {14 7-71 51
SN 20/3531 06 337398 1.00 3NTH 25 29NMsNa A3 57.0-854) 453 9 9-66.8)
DENW 16112 700 $0.1) AN26770.3 306316 10.5) 496268 (08) 737B1.7-8.7 59. 5=73.2)
DENVZ 312700 {< 0.1) 1412 577 10.1) B48316 {1.1) 27/6268 (04) FTR.7093 750 H523-%.9)
DENV3 3812700 03 3712577 0.3 516316 0.9) 266268 |0.4) 2.6 13.3-75.4) 328 1-109 10593
DENV4 312700 < 0.1) B12577 < 0.1) 46316 (< 0.1) AB268 (< 0.1) 21-64.4 10918) 412(-1190 1 843
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DEM-1 78165 {< 0.1) 26/9077 02 174587 104) 31[A852 {07 28513-0.8 591 #1178
DENW2 11789077 10.1) A2/as587 (1.00 225 105 96.5 88 .8-989) 755 195-88.1)
DENW3 2503077 0.3) a7asar 1.1 214552 {05) NAaBa3-8.1) 449 (15-69.1)
DENW4 208077 1< 0.1) 4587 (< 0.1) 34552 (< 0.1) E38(-61810 N9 690 -B5810 M8
SN
DENW1 935 03 153498 10.) 1301726 108) 181715 1.1) 612 123.2-86.0) 60.1 22.1-80.2)
DENW2 or3sa1 ) 33498 1< 0.1) 221726 1.4) 51715103) 1001+ 705 1-234 10 93.0
DENV3 1173631 193) 12398 B3 41726 1D3) B1716 103) -38.71-336.7 10 5.9 -185-2362 1054
DENW4 03531 1 3308 1< 0.1) o7 TG0 476113191 108
Age -5y 131619 09 301803 190 2380 3.2 5 5. 72.81%6.4-862) 24 34210 575)
Age 611y 347009 0.5 S5/6961 0.8) BH34aM 2.7 67347200 B0.7 N 3-870) 60.6 438-724)
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E
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13 164 recerved two doses in the
sfety set

!

12 7 completed part 2inthe
safety st
1

12 70 evaluated for illness and
inchded inper protocel set
3533 seronegative at baseline
9167 seroposithve at baseline

!

2518 imduded inimmunogenicity
aralyss per protocol

Table 2. Vaccine efficacy (95% Cl) of TAK-003 in p

VCD
Overall
SP

SN

SP

SN

SP

SN

VyIs.

g VCD and hospitali

Placebo (N = 6317)

TAK-003 (N =

12 704)

d VCD during year 3 after the second dose (per protocol set data)

Efficacy % (95% CI)

DENV-1
DENV-2
DENV-3
DENV-4
DENV-1
DENV-2
DENV-3
DENV-4
4-5y
6-11y
12-18y
4-5y

179/6201 (3.1)
128/4502 (3.1)
51/1698 (3.2)
69/4502 (1.7)
34/4502 (0.8)
20/4502 (0.5)
6/4502 (0.1)
28/1698 (1.8)
16/1698 (1.0)
6/1698 (0.4)
1/1698 (<0.1)
16/457 (3.9)
75/2401 (3.4)
37/1644 (2.4)
16/331 (5.2)

208/12 435 (1.7)
139/8968 (1.6)
69/3465 (2.1)
77/8968 (0.9)
20/8968 (0.2)
37/8968 (0.4)
5/8968 (<0.1)
49/3465 (1.5)
5/3465 (0.1)
11/3465 (0.3)
4/3465 (0.1)
34/941 (3.8)
76/4743 (1.6)
30/3284 (0.9)
17/652(2.8)

447 (32.5-54.7)
48.3 (34.2-59.3)
35.5 (73-55.1)
45.4 (24.5-60.6)
72.1 (51.6-84.0)
16.2 (-46.1 to 50.8)
61.9 (-24.9 10 88.4)
172 (-31.8 to 47.9)
84.9 (58.7-94.5)
9.5 (-144.7 to 66.5)
—-99.0 (-1680.3 to 77.8)
2.5 (-76.6 t0 46.2)
51.9 (33.8-65.1)
61.1 (3721-76.0)
474 (-4.31t073.4)

Tricou V, et al. Lancet. 2020;395(10234):1434-1443. doi: 10.1016/50140-6736(20)30556-0.
Lépez-Medina E, et al. J Infect Dis. 2022;225(9):1521-1532. doi: 10.1093/infdis/jiaa761.
Rivera L, et al. Clin Infect Dis. 2022;75(1):107-117. doi: 10.1093/cid/ciab864.



23401 participants screened for eligibility

FU 4.5 yr.

Mahidol University

Faculty of Tropical Medicine

Long-term efficacy and safety of a tetravalent dengue i ()

3302 not randomly assigned
616 screen failure

295 other

—p 2391 withdrawal by participant or
participant's parent or guardian

20099 randomly assigned

Derek Walloce

v

13401 assigned to the TAK-003 group

17 not treated
15 withdrawal by participant
or participant's parent or
guardian
2 other

13380 received at least one dose

(safety set)

v

13164 received two doses (safety set)

12177 completed part three (safety set)

1203 (9-0%) prematurely discontinued trial
(safety set)
25 (2-1%) adverse events
181 (15-0%) lost to follow-up
287 (23:9%) pregnancy
5 (0-4%) protocol violation
505 (42-0%) withdrawal
163 (13-5%) without adult consent
37 (3-1%) other

Tricou V, et al. Lancet Glob Health. 2024;12(2):e257-e270. doi: 10.1016/52214-109X(23)00522-3.

v

6698 assigned to the placebo group

11 not treated
1 protocol violation
9 withdrawal by participant or
participant's parent or
guardian
1 other

6687 received at least one dose

(safety set)

y

6573 received two doses (safety set)

6080 completed part three (safety set)

Crosibark

vaccine (TAK-003): 4-5-year results from a phase 3,
randomised, double-blind, placebo-controlled trial

Vianney Tricou®, Delia Yu*, Humberto Reynales, Shibadas Biswal, Xavier Saez-Lorens, Chukiat Sirvichayakul, Pio Lopez, Charissa Borja-Tabora, m
Lulu Bravo, Pope Kosalaraksa, Luis Martinez Vargas, Maria Theresa Alera, Luis Rivera, Veerachai Watanaveeradej, Reynaldo Dietze,

LakKumar Fernando, \ Pujitha Wickramasinghe, Edson Duarte Moreira Jr, Asvini D Fernando, Dulanie Gunasekera, Kleber Luz, Ana Lucia Olfveira,

Suely Tuboi, lan Escudero, Yanee Hutagalung, Eric Lloyd, Martina Rouscher, Olaf Zent, Nicolas Folschweiller, Inge LeFevre, Felix Espinozaf,

607 (9:1%) prematurely discontinued trial
(safety set)
11 (2%) adverse events
83 (14%) lost to follow-up
150 (25%) pregnancy
3 (1%) protocol violation
254 (42%) withdrawal
84 (14%) without adult consent
22 (4%) other
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Vaccine Efficacy (TAK-003) in Prevention of
Virologically Confirmed Dengue

Follow up

1 year (95% Cl)

1.5 year (95% Cl)

2 years (95% Cl)

3 years (95% Cl)

4.5 years (95% Cl)

Overall

80.2% (73.3-85.3)

73.3% (66.5-78.8)

56.2% (42.3-66.8)

44.7% (32.5-54.7)

61.2% (56.0-65.8)

Seropositive

82.2% (74.5-87.6)

76.1% (68.5-81.9)

60.3% (44.7-71.5)

48.3% (34.2-59.3)

64.2% (58.9-70.1)

Seronegative

74.9% (57.0-85.4)

66.2% (49.1-77.5)

45.3% (9.9-66.8)

35.5% (7.3-55.1)

53.5% (41.6-62.9)

DENV-1 73.7% (51.7-85.7) | 69.8% (54.8-79.9) |59.4% (38.5-73.2) | NA NA
DENV-2 97.7% (92.7-99.3) | 95.1% (89.9-97.6) |75.0% (52.3-86.9) | NA NA
DENV-3 62.6% (43.3-75.4) | 48.9% (27.2-64.1) |32.8% (-10.9-59.3) | NA NA
DENV-4 63.2% (-64.6-91.8) | 51.0% (-69.4-85.8) | 41.2% (-119.0-84.2) | NA NA

Biswal S, et al. N Engl J Med 2019; 381:2009-2019.
Tricou V, et al. Lancet. 2020;395(10234):1434-1443. doi: 10.1016/50140-6736(20)30556-0.
Lépez-Medina E, et al. J Infect Dis. 2022;225(9):1521-1532. doi: 10.1093/infdis/jiaa761.

Rivera L, et al. Clin Infect Dis. 2022;75(1):107-117. doi: 10.1093/cid/ciab864.

Tricou V, et al. Lancet Glob Health. 2024;12(2):e257-e270. doi: 10.1016/52214-109X(23)00522-3.
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Vaccine Efficacy (TAK-003) in Prevention of
Virologically Confirmed Dengue

Follow up

1 year (95% Cl)

1.5 year (95% Cl)

2 years (95% Cl)

3 years (95% Cl)

4.5 years (95% Cl)

Seropositive

DENV-1

79.8% (51.3-91.6)

72.0% (52.2-83.6)

59.1% (31.1-75.7)

45.4% (24.5-60.6)

56.1% (44.6-65.2)

DENV-2

96.5% (88.8-98.9)

93.7% (86.1-97.1)

75.5% (49.5-88.1)

72.1% (51.6-84.0)

80.4% (73.1-85.7)

DENV-3

71.4% (54.3-82.1)

61.8% (43.0-74.4)

44.9% (1.5-69.1)

15.2% (-46.1-50.8)

52.3% (36.7-64.0)

DENV-4

63.8% (-61.8-91.9)

61.2% (-44.3-89.6)

69.0% (-85.8-94.8)

61.9% (-24.9-88.4)

70.6% (39.9-85.6)

Seronegative

DENV-1

67.2% (23.2-86.0)

67.8% (40.3-82.6)

60.7% (22.1-80.2)

17.2% (-31.8-47.9)

45.4% (26.1-59.7)

DENV-2

100% (-)

98.1% (85.8-99.7)

70.5% (-23.4-93.0)

84.9% (58.7-94.5)

88.1% (78.6-93.3)

DENV-3

-38.7% (-335.7-55.8)

-68.2% (-318.9-32.4)

-18.5% (-236.2-58.3)

9.5% (-144.7-66.5)

-15.5% (-108.2-35.9)

DENV-4

-47.6 (-1319.1-84.6)

-99.0 (-1680.3-77.8)

-105.6 (-628.7-42.0)

Biswal S, et al. N Engl J Med 2019; 381:2009-2019.
Tricou V, et al. Lancet. 2020;395(10234):1434-1443. doi: 10.1016/50140-6736(20)30556-0.
Lépez-Medina E, et al. J Infect Dis. 2022;225(9):1521-1532. doi: 10.1093/infdis/jiaa761.

Rivera L, et al. Clin Infect Dis. 2022;75(1):107-117. doi: 10.1093/cid/ciab864.

Tricou V, et al. Lancet Glob Health. 2024;12(2):e257-e270. doi: 10.1016/52214-109X(23)00522-3.
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Vaccine Efficacy (TAK-003) in Prevention of
Hospitalized Virologically Confirmed Dengue

Follow up 1 year (95% Cl) 1.5 year (95% ClI) | 2 years (95% Cl) 3 years (95% Cl) 4.5 years (95% Cl)
Overall 95.4% (88.4-98.2) | 90.4% (82.6-94.7) | 76.1% (50.8-88.4) | 70.8% (49.6-83.0) 84.1% (77.8-88.6)
Seropositive 94.4% (84.3-98.0) | 91.4% (NA) 85.2% (59.6-94.6) | 78.4% (57.1-89.1) 85.9% (78.7-90.7)
DENV-1 NA NA NA 71.6% (21.7-89.7) NA
DENV-2 NA NA NA 89.4% (51.1-97.7) NA
DENV-3 NA NA NA 69.6% (-7.9-91.4) NA
DENV-4 NA NA NA 100% (NE-NE) NA
Seronegative 97.2% (79.1-99.6) | 88.1% (NA) 51.4% (-50.7-84.3) | 45.0% (-42.6-78.8) 79.3% (63.5-88.2)
DENV-1 NA NA NA 80.6% (-0.1-96.2) NA
DENV-2 NA NA NA 100% (NE-NE) NA
DENV-3 NA NA NA -246.6% (-2716.1-57.3) | NA
DENV-4 NA NA NA NE NA

Biswal S, et al. N Engl J Med 2019; 381:2009-2019.
Tricou V, et al. Lancet. 2020;395(10234):1434-1443. doi: 10.1016/50140-6736(20)30556-0.
Lépez-Medina E, et al. J Infect Dis. 2022;225(9):1521-1532. doi: 10.1093/infdis/jiaa761.
Rivera L, et al. Clin Infect Dis. 2022;75(1):107-117. doi: 10.1093/cid/ciab864.

Tricou V, et al. Lancet Glob Health. 2024;12(2):e257-€270. doi: 10.1016/52214-109X(23)00522-3.
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Vaccine Efficacy (TAK-003) in Prevention of
Hospitalized Virologically Confirmed Dengue

Follow up 1 year (95% Cl) 1.5 year (95% Cl) 2 years (95% Cl) 3 years (95% ClI) | 4.5 years (95% Cl)
DHF 87.3% (-13.5-98.6) | NA 81.2% (29.3-95.0) | NA NA

Seropositive NA 91.7% (30.9-99.0) NA NA 80.9% (46.3-93.2)
Seronegative NA 49.4% (-709.2-96.8) NA NA -3.4% (-464.7-81.1)
Severe dengue NA NA 66.9% (-97.8-94.5) | NA NA

Seropositive NA NA NA NA 90.1% (15.3-98.8)
Seronegative NA NA NA NA NE

DHF or Severe dengue | NA NA NA NA NA

Seropositive NA NA NA NA 85.4% (60.3-94.6)
Seronegative NA NA NA NA -29.2% (-566.1-74.9)

Biswal S, et al. N Engl ) Med 2019; 381:2009-2019.

Tricou V, et al. Lancet. 2020;395(10234):1434-1443. doi: 10.1016/50140-6736(20)30556-0.
Lépez-Medina E, et al. J Infect Dis. 2022;225(9):1521-1532. doi: 10.1093/infdis/jiaa761.
Rivera L, et al. Clin Infect Dis. 2022;75(1):107-117. doi: 10.1093/cid/ciab864.

Tricou V, et al. Lancet Glob Health. 2024;12(2):e257-e270. doi: 10.1016/52214-109X(23)00522-3.



Long-term efficacy and safety of a tetravalent dengue +kg)

vaccine (TAK-003): 4-5-year results from a phase 3,
randomised, double-blind, placebo-controlled trial

A Virologically confirmed dengue

Vianney Tricou™, Delia Yu*, Humberto Reynales, Shibadas Biswal, Xavier Saez-Llorens, Chukiat Sirfvichayakul, Pio Lopez, Charissa Borjo-Tabora, m

Tricou V, et al. Lancet Glob Health. 2024;12(2):e257-e270. doi: 10.1016/52214-109X(23)00522-3.
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nIN (%) Efficacy, % (95% Cl)
Placebo TAK-003
Overall 547/6687 (8-2%) 442/13380(3:3%) K3 61-2 (56-0 to 65-8)
Seropositive 394/4854 (8-1%) 295/9663 (3-1%) ® 64-2 (58-4t0 69-2)
DENV-1 151/4854 (3-1%) 133/9663 (1-4%) —e- 56-1(44-6 to 65-2)
DENV-2 135/4854 (2-8%) 54/9663 (0-6%) -@ 80-4(73-1t0 85.7)
DENV-3 97/4854 (2:0%) 96/9663 (1.0%) —e— 52:3 (36:7 to 64.0)
DENV-4 20/4854 (0-4%) 12/9663 (0-1%) —e— 70-6 (39-9 to 85:6)
Seronegative 153/1832 (8-4%) 147/3714 (4-0%) —o- 53-5(41-6 to 62.9)
DENV-1 79/1832 (4-3%) 89/3714 (2:4%) e 454 (26-1t059-7)
DENV-2 58/1832 (3:2%) 14/3714 (0-4%) -o 881(78-6t0933)
DENV-3 16/1832 (0-9%) 36/3714 (1.0%) ® -15.5 (-108-2 to 35-9)
DENV-4 3/1832 (0-2%) 12/3714 (0-3%) < ° -105-6 (-628-7 to 42.0)
I 1 1 1 1
450 100 =50 a 50 100

Tricou V, et al. Lancet Glob Health. 2024;12(2):e257-e270. doi: 10.1016/52214-109X(23)00522-3.
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B Hospitalised virologically confirmed dengue
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Tricou V, et al. Lancet Glob Health. 2024;12(2):e257-e€270. doi: 10.1016/52214-109X(23)00522-3.

Y —p
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acaba TAK-OO2

riace J ITI\IN UUJ
Ol 1426687 (210} 4613 380 (0-3%) - 841 (77-8 ta BB-G)
Seroposit ive 1004854 (2:1%) 299663 (0-3%) - 859 (787 10907

CENV-1 2414854 (05%) 16/9663 (0-2%) — 66-8 (3740 82-3)

DENW-2 COI4E54(1-2%) SI9E63 [<01%) - 958 (89-6 ta 583}

DEMWW-3 1574854 (0-3%) B19663 [<0-1%) —— 740 (366 to 59-0)

DEMY-4 4B [=01%) 019663 [-) [ 100-0 (ME)

Eseclusding Sri Lanka 5314422 (1.2%) 188802 (0-7%) —. 833 (71-41090.1)
DEMNYV-1 2204422 (0-5%) 1178802 (¢1%) . 751 (487 o ErT)
DEMV-2 1814422 (0-4%) 2BR07 (<0-1%) —e 944 (76010 987)
DEMV-3 1422 (0% S/3807 (<0-1%) . 783 (374 t092-4)
BENY-4 114422 { <0-1%) afaez (- - 100-0 (HE)

Seronegate 4111832 (2.2%) 173714 (0-5%) - 751 (63510 88-2)
DENY-1 1471832 (6-B%) 673714 (0-2%) —_— 78443510 927)
[l Wi == g i fd e AT g 1 ' im I}I:Hn

IEN'H-} J183T (0-2%) 14371410 3%) 4 - -B7G (573 410 47-6)

LEN-4 !JIEI?IC'}ITGJ 0714 1] L] 100-0 [NE)

Exachuding 5ri Lanka 1971564 (1.2%) 10/3181(0.3%) —— 735042910 87.7)
DEMY-1 12/1564(0-8%) 53181 (0-2%) — 78.9(40-1t092.6)
DENV-2 301564 (0-2%) 0/31811-) ] 100-0 (NE)

DEMV-3 31564(02%) SIE1EL(0-2%) 4 153 (-254-4 to F9-B)
DEMY-4 Lr1564 ( <0-1%) 03181 () [ ] 1000 (NE)

Dengue h'.lnmnrrhl.gi; fewer

Seropositive 13/4854{0-3%) 519663 [<0:1%) — B0-% (463 1093-7)
Exchading Sri Larka T2 (0:-2%) IEBOZ (<0-2%) ——— 78.7 (1750 94-5)

Seronegative 283 (B1n) 473714 (0-1%) 4 34 (4647t BLY)
Excluding Sri Larka 1/1564 (0-1%) 2/3181 (=0-1%) 4 - 47-5 (-272.9 to 92.6)

Severe dengue

Seropative Ci4BS4 [0:1%) 9663 [<01%) —_ 90-1(15:3 t2 98.8)
Exclading Sri Lanka Sid22 (04%) VBB (<0:1%) P — 90-2 (16-4 1o 98.9)

Seronagative 0/1832 (-} 23714 (=01%) ME
bt o i 23181 (=0 1%) ME

Bengue haemorrhagic fever or severe dengue

TETOPOST e T IAESa [a) 5/9663 (<0-1%) e 354 (603 to 94-6)
Excluding Sri Lanka 110z (0.2%) UREOT (<045 - BB (6lE10a5.2)

Seronegative 21832 (0-1%) 53714 (0:1%) - 297 (-566-1 10 745}
Exccluding Sri Larka 2/1564 (0-1%) 373181 |<01%) + ™ 213 (-371.6 to 36.9)
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Comment I

TAK-003 dengue vaccine as a new tool to mitigate dengue in EE]®
countries with a high disease burden

Dengue, an arboviral disease of the tropics and
subtropics, is caused by infection with one of four
distinct serotypes of the dengue virus (DENV-1,
DENV-2, DENV-3, and DENV-4).' We have seen an
exponential increase in dengue incidence over the
past few decades, surpassing the growth rate of
other communicable diseases, a trend anticipated to
continue, fuelled by urbanisation with high population
densities, global mobility, and climate change.” Dengue
incidence is concentrated in southeast and south Asia,
with Latin America following closely. The proportion
of dengue-related febrile episodes necessitating
hospitalisation is 19% in Asia and 11% in Latin
America.*

The quest for an effective dengue has encountered
substantial  obstacles, primarily duve to the
immunological interaction between the four dengue
virus serotypes. Therefore, phase 3 clinical trial designs
require baseline blood samples of all trial participants to
enable determination of serostatus before vaccination.
Determining wvaccine efficacy for dengue vaccines is
complex because there are eight possible scenarios, with
four serotypes in combination with seronegative versus
seropositive baseline status. This is further complicated

Wilder-Smith A. Lancet Glob Health. 2024;12(2):e179-e180. doi: 10.1016/52214-109X(23)00590-9.

CronsMark

The efficacy trial was done over 5 years, recruiting  see Articles page e257

more than 20000 children and adolescents (4-16 years
of age) residing in dengue-endemic countries in Asia
and Latin America. The dengue seroprevalence (the
proportion of dengue seropositive people) in the study
population before vaccination was approximately 70%,
and the predominant circulating strains were serotypes
1and 2. Despite the 5 year observation period, there was
low circulation of serotypes 3 and 4, so that some of the
uncertainties identified regarding serotype-stratified
efficacy in seronegative people in the earlier interim
analyses could not be addressed.

In this study population and study setting, the
cumulative vaccine efficacy of TAK-003 over 5 years
against virologically confirmed dengue was 61.2%
(95% CI 56-0-65-8) and against dengue-related
hospitalisations was 84-1% (77-8-88-6). Vaccine efficacy
varied by serostatus and serotype, with higher vaccine
efficacy in people with a baseline seropositive serostatus
compared with people with baseline seronegative
serostatus. Vaccine efficacy was highest against DENV-2,
both in seropositive and seronegative people.

For individuals who were seropositive at baseline, TAK-
003 demonstrated safety and efficacy against all four

For individuals who were seropositive at baseline, TAK-003
demonstrated safety and efficacy against all four DENV
serotypes, showing the greatest vaccine efficacy against DENV-2.
The vaccine did not show a reduction in virologically confirmed
dengue and dengue hospitalizations caused by DENV-3 in
dengue-naive participants, with further uncertainties around
DENV-4.

There were higher rates of symptomatic as well as hospitalized
DENV-3 cases among seronegative vaccinated people than
among seronegative unvaccinated people, but this excess was
small and not statistically significant.
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Comment I

TAK-003 dengue vaccine as a new tool to mitigate dengue in
countries with a high disease burden

Dengue, an arboviral disease of the tropics and
subtropics, is caused by infection with one of four
distinct serotypes of the dengue virus (DENV-1,
DENV-2, DENV-3, and DENV-4).' We have seen an
exponential increase in dengue incidence over the
past few decades, surpassing the growth rate of
other communicable diseases, a trend anticipated to
continue, fuelled by urbanisation with high population
densities, global mobility, and climate change.” Dengue
incidence is concentrated in southeast and south Asia,
with Latin America following closely. The proportion
of dengue-related febrile episodes necessitating
hospitalisation is 19% in Asia and 11% in Latin
America.*

The quest for an effective dengue has encountered
substantial  obstacles, primarily duve to the
immunological interaction between the four dengue
virus serotypes. Therefore, phase 3 clinical trial designs
require baseline blood samples of all trial participants to
enable determination of serostatus before vaccination.
Determining wvaccine efficacy for dengue vaccines is
complex because there are eight possible scenarios, with
four serotypes in combination with seronegative versus
seropositive baseline status. This is further complicated

Wilder-Smith A. Lancet Glob Health. 2024;12(2):e179-e180. doi: 10.1016/52214-109X(23)00590-9.

The efficacy trial was done over 5 years, recruiting
more than 20000 children and adolescents (4-16 years
of age) residing in dengue-endemic countries in Asia
and Latin America. The dengue seroprevalence (the
proportion of dengue seropositive people) in the study
population before vaccination was approximately 70%,
and the predominant circulating strains were serotypes
1and 2. Despite the 5 year observation period, there was
low circulation of serotypes 3 and 4, so that some of the
uncertainties identified regarding serotype-stratified
efficacy in seronegative people in the earlier interim
analyses could not be addressed.

In this study population and study setting, the
cumulative vaccine efficacy of TAK-003 over 5 years
against virologically confirmed dengue was 61.2%
(95% CI 56-0-65-8) and against dengue-related
hospitalisations was 84-1% (77-8-88-6). Vaccine efficacy
varied by serostatus and serotype, with higher vaccine
efficacy in people with a baseline seropositive serostatus
compared with people with baseline seronegative
serostatus. Vaccine efficacy was highest against DENV-2,
both in seropositive and seronegative people.

For individuals who were seropositive at baseline, TAK-
003 demonstrated safety and efficacy against all four

In September 2023, WHQ's Strategic Advisory Group of Experts
on Immunization (SAGE) addressed this question.

SAGE came to the conclusion that pre-vaccination screening
would significantly reduce the public health impact of TAK-003.
Pre-vaccination screening has limited sensitivity and would
exclude seropositive people who would benefit from
vaccination.

In contrast to Dengvaxia, where all seronegative people were at
increased risk for severe dengue.

TAK-003, there is a statistically significant protection in
seronegative people for two of the four serotypes (DENV-1 and
DENV-2).

Pre-vaccination screening would unnecessarily increase the
complexities and costs of roll-out and, hence, vaccine uptake.
SAGE endorsed the use of TAK-003 without pre-vaccination
screening.

However, the policy recommendation is targeted for use in high
disease burden settings only, as vaccine performance is higher in
such populations and any potential, not yet proven, risk in a
subset of seronegative people exposed to DENV-3 and DENV-4,
would be mitigated.
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WHO recommendations for endemic areas

o In September 2023, WHO officially recommended
that countries should consider introducing TAK-003
vaccine into their routine immunization programs for
age 6—16 years, but only in high-risk geographic
locations.

o Specific locations should be decided at the national
level until the efficacy-risk profile in seronegative
persons for DENV3 and DENV4 has been more
precisely assessed, WHO does not recommend the
programmatic use of this vaccine in low to moderate
dengue transmission settings.

Freedman DO. J Travel Med. 2023;30(7):taad132. doi: 10.1093/jtm/taad132. PMID: 37847608.
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WHO recommendations for endemic areas

Administration considerations:
* Two-doses subcutaneously to be spaced at a minimum interval of 3 months.

* TAK-003 is not recommended for pregnant women, and women of childbearing
potential should avoid pregnancy for at least 1 month following vaccination.

* TAK-003 is contraindicated in persons with congenital or acquired immune
deficiency, including immunosuppressive therapies within 4 weeks prior to
vaccination

* TAK-003 is contraindicated in persons with symptomatic HIV or with asymptomatic
HIV and laboratory or other evidence of impaired immune function.

* No current recommendation has been made for a booster dose due to lack of
data.

e Co-administration of TAK-003 with yellow fever and hepatitis A vaccines is
supported by data.

* Countries could consider coadministration with other inactivated, sub-unit or
messenger RNA vaccines, except for live vaccines (pending more data).

Freedman DO. J Travel Med. 2023;30(7):taad132. doi: 10.1093/jtm/taad132. PMID: 37847608.
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