Report of the Standing Committee on Vaccination
at the Robert Koch Institute
The STIKO recommendation on vaccination
against dengue with the Qdenga vaccine

Following its 106™ meeting on 6"/7™ November 2023, the Standing Committee on Vaccination
(STIKO) has agreed on a recommendation for vaccination with the tetravalent live attenuated
vaccine Qdenga for certain travellers prior to exposure in dengue-endemic regions, and for
laboratory personnel outside of dengue-endemic regions. Preliminary discussions were held
in multiple meetings of the joint working group of the STIKO and the German Society of
Tropical Medicine, Travel Medicine, and Global Health (DTG). In addition, statements from the
Joint Federal Committee (G-BA), the top health agencies of the German Federal States, and

affected professional societies were considered.

Background

The live attenuated dengue vaccine Qdenga has been approved for travellers in the European
Union (EU) since 8" December 2022. The vaccine is distributed by the company Takeda and is
based on an attenuated live virus of the dengue virus serotype 2 (DENV-2), which forms the
genetic “backbone” of the tetravalent vaccine. The vaccine was developed to protect against
all four DENV serotypes.

The primary immunisation consists of 2 vaccine doses separated by 3 months and is licensed
for use from the age of 4 years. The goal of the STIKO’s vaccine recommendation is to prevent
illness, severe clinical courses, and death due to a DENV infection. The virus is transmitted by

mosquitoes and is endemic in most tropical and sub-tropical countries.

Recommendation
= The STIKO recommends vaccination against dengue with the vaccine Qdenga as a
travel vaccination (R) for individuals over the age of 4 years who have a history of a
prior laboratory-confirmed dengue virus infection and who are travelling to a

dengue-endemic region where they will have an increased risk of exposure (e.g.,



prolonged stay, current outbreak event). Prior to travel, a full vaccination series
should be completed (i.e., 2 vaccine doses at a minimum interval of 3 months).

The data for individuals who have not previously had a dengue virus infection
(“dengue-naive”) are very limited at present. The STIKO therefore does not currently
provide a general vaccine recommendation for dengue-naive individuals.

If, after a detailed medical consultation, vaccination is considered for a dengue-naive
individual in line with the licensure, the potential vaccinee should be informed that
the risk of infection intensification in the event of a future infection cannot be ruled
out. The currently available data for dengue-naive individuals could not demonstrate
any protection against DENV-3 and -4-associated disease following vaccination. If the
vaccination nevertheless takes place, a full vaccination series (i.e., 2 vaccine doses at
a minimum interval of 3 months) must be completed prior to departure.

Individuals who have a history of a laboratory-confirmed dengue virus infection and
who perform targeted activities with the dengue viruses outside endemic regions
(e.g., in research institutions or laboratories), should receive a full vaccine series (i.e.,
2 vaccine doses at a minimum interval of 3 months) as an occupationally indicated

vaccination (B).



Vaccination
against

Dengue

Category

Indication

Individuals aged > 4 years, who
have a history of a laboratory-
confirmed dengue virus infection
and who are travelling to a
dengue-endemic region where
they will have an increased risk
of exposure (e.g., prolonged
stay, current outbreak event).
For individuals who have not
suffered a dengue virus infection
in the past (“dengue-naive”), the
STIKO does not currently make a
general recommendation for
vaccination due to the currently
limited data (see also the STIKO
notes in the box in EpidBull
04/2023, page 7).

For further notes, see the STIKO
and DTG travel vaccination
recommendations.

Individuals who have a history of
a laboratory-confirmed dengue
virus infection and who perform
targeted activities with dengue
viruses outside endemic regions
(e.g., in research institutes or
laboratories).

Application notes
(observe package inserts/technical information)

Primary immunisation with 2 vaccine doses of the tetravalent live
attenuated vaccine Qdenga (minimum interval of 3 months between the
vaccine doses).

The full vaccine series (2 vaccine doses) should be completed prior to
departure to a dengue-endemic region (endemic regions see also
https://www.cdc.gov/dengue/areas-with-

risk/?CDC_AAref Val=https://www.cdc.gov/dengue/areaswithrisk/around-
the-world.html).

Booster vaccinations: at present, no statement can be made about the
need for, or timing of, booster vaccinations since the corresponding studies
have not yet been completed.

Extract from Table 2 | Recommendations for standard vaccination of adults as well as for indicated (occupational and travel
immunisations) and booster vaccinations for all
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1. Introduction

Worldwide, the dengue virus (Orthoflavivirus denguei, DENV) is the most common human viral
pathogen transmitted by mosquitoes. DENV, which for many decades was endemic
predominantly in tropical and subtropical regions, and especially in the cities, has become
more geographically widespread in recent years (1). DENV is now found both in the rural
regions of already affected countries and also in countries which were previously non-
endemic. DENV circulates in a primate-mosquito-primate cycle in which Aedes (AE.) aegypti is
the most important vector. Ae. albopictus functions as a secondary vector, which possesses a
lower vector capacity but can establish itself outside the tropics and subtropics, e.g., in North
America and Europe (2). DENV is thus endemic in the tropical and subtropical regions of
Central and South America, Africa, the Middle East, Asia, and the Pacific Islands, with the local
transmission risk being influenced by climatic parameters as well as the local vector controls
and social factors (1). The intensity of DENV transmission is influenced by such factors as the
population density and ecological conditions such as temperature, precipitation, and altitude,
and therefore varies widely between and within countries and over the course of the year.
Global warming makes it easier for Aedes mosquitoes! to spread more widely and thus
increases the risk that dengue epidemics will occur in temperate regions (3). The main drivers
for the multiplication of the vectors and the rise in dengue incidence are, however, population
growth and an increasing population density, migration from the land to the cities, unplanned
urbanisation, the lack of a reliable water supply, and insufficiently financed mosquito control
programmes (4). Aedes mosquitoes are also vectors for other arboviruses (e.g., Chikungunya,
yellow fever and Zika viruses).

There are four serotypes of DENV (DENV-1, DENV-2, DENV-3, and DENV-4), each of which can
cause dengue in infected humans. Dengue is mostly a febrile illness, which can be
accompanied by bone and muscle pain and an exanthem. It is generally believed that
recovering from an infection with a specific DENV serotype confers lifelong immunity to that
serotype. Homotype reinfections, i.e., renewed infection with the same serotype, are rare,
isolated cases (5-7). Cross immunity to the other serotypes following recovery is only partial

and transient (8-13).

! The name Stegomyia indicates a subgenus within the genus Aedes.



Dengvaxia (Sanofi)

The first licensed vaccine against dengue was the tetravalent live attenuated vaccine
Dengvaxia from the company Sanofi, which is based on the genetic backbone of the yellow
fever vaccine strain YF-17D. It was approved by the European Commission in 2018 for use in
individuals aged 9-45 years with prior laboratory-confirmed dengue living in European DENV-
endemic regions. Since 2021 the minimum approval age has been reduced to 6 years. Primary
immunisation consists of 3 vaccine doses of 0.5 ml, which are administered subcutaneously at
intervals of 6 months. The vaccine showed varying efficacy depending on serotype, age group
and severity of infection prevented (14). Initially, Dengvaxia was approved in some endemic
countries independent of serostatus, since at that point there was not yet any evidence of
possible negative effects following vaccination of immunologically naive individuals.
However, analyses of the subsequently available long-term data from the clinical studies
provided initial indications that vaccinated infants (age group 2-5 years) in particular, who
were immunologically naive (i.e., seronegative) at the time of vaccination, had an increased
risk of hospitalisation in the event of a breakthrough infection compared to unvaccinated
children.

As a result, all the data from the licensing studies, as well as further evaluations and follow-
up investigations, were reanalysed in 2016 by the World Health Organisation, or rather its
Strategic Advisory Group of Experts on Immunisation (SAGE), and the potential deployment
of the vaccine in endemic countries was investigated with the help of modelling (15, 16). Since
the disease burden is high in many endemic countries, particularly in the first years of life, but
at the same time the number of people with no prior DENV infection is also high, two
strategies were considered, namely either the fixing of an age limit of 9 years whilst
simultaneously taking the local seroprevalence into account, or individual testing for DENV
antibodies prior to vaccination. However, both strategies have practical difficulties in the
context of a national vaccination programme. In addition, the acceptance of the vaccine was
low due to the possible negative effects, so that this vaccine was little used in endemic regions.
On the basis of the increasing data availability, the licensing authorities then also imposed
corresponding restrictions on indications for use (14). This vaccine did not obtain approval in

the EU for travellers from non-endemic regions.



Qdenga (Takeda)

Since the 5™ December 2022, the tetravalent live attenuated vaccine Qdenga from the
company Takeda has been approved by the European Commission from the age of > 4 years
(17). In accordance with the technical information, it can also be used with the appropriate
indication in individuals who have not had a prior DENV infection. In contrast to Dengvaxia, its
genetic backbone uses not the yellow fever vaccine strain YF-17D, but DENV-2. Primary
immunisation with this vaccine consists of 2 vaccine doses of 0.5 ml, which are administered
subcutaneously at intervals of 3 months. The vaccine has been available on the market in
Germany since February 2023.

The efficacy and safety of the Qdenga vaccine was assessed in a systematic and evidence-
based manner in accordance with the STIKO standard operating procedure (SOP) and the
results were discussed in the working group (WG) for travel vaccinations, which consists of
the members of the STIKO and the German Society for Tropical Medicine, Travel Medicine,
and Global Health (DTG). The above-named recommendations were prepared in the STIKO-
DTG WG and subsequently adopted by the STIKO, taking into account feedback from the

commenting procedure.

2. Pathogens, vectors, and transmission

DENV, which belongs to the family of Orthoflaviviridae (18), occurs in four different serotypes
(DENV-1, DENV-2, DENV-3, DENV-4), which are further divided into genotypes. Structurally,
the virus resembles the yellow fever and Japanese encephalitis viruses. DENV is an enveloped
virus possessing positive-strand RNA of about 11,000 nucleotides. The viral particle consists
of a capsid protein (C-protein), a matrix protein (M-protein), and the envelope protein (E-
protein). Seven additional proteins (so-called non-structural proteins, NS-proteins) have
functions in the DENV reproductive cycle in the cell (19). The four serotypes differ in approx.
25-40% of their amino acids (2, 20).

DENV in humans is mainly transmitted through the bite of female mosquitoes. Rare modes of
transmission include, for example, transfusion or transplantation of DENV-infected blood or
organs, or viral contact during laboratory work, when the virus is absorbed through mucosal
membranes as a result of inadequate protective measures, inoculation, or by virus-containing
aerosols (21-24). The sexual transmission of DENV is still the subject of controversy, since
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despite proven evidence of DENV in vaginal secretions or in male seminal fluid, transmission
seems only to occur in exceptional cases (25). The most important DENV vector is the yellow
fever mosquito Ae. aegypti which is mainly active in the daytime but also at night and is the
mosquito type best adapted to humans. Other types including Ae. albopictus and Ae.
polynesiensis can achieve great local significance (26, 27). With the proliferation of slums
around cities and the increasing urbanisation of rural areas, and partly as a result of a central
water supply, breeding sites for Ae. aegypti in the form of standing water accumulations are
appearing in both urban and rural areas, which means that contact between vector and
humans is becoming more common. As a result, dengue is no longer a mainly urban illness but
is occurring increasingly in rural regions due to the spread of the vectors (28).

The effects of the climate crisis, with rising temperatures, more frequent heat waves and
flooding events, enable both vector and virus to adapt to new environmental and climatic
conditions outside the known tropical and subtropical endemic areas. In this way, Ae.
albopictus has, in the last 10 years, been able to establish itself in 5 more countries in the EU
or the European Economic Area (EEA), according to data from the European Centre for
Prevention and Control of Diseases (ECDC) (2013: 8 countries; 2023: 13 countries). The
number of regions in which Ae. albopictus has been found has more than doubled in the same
time period (2013: 114 regions, 2023: 337 regions) (29).

Ae. aegypti predominantly resides in and around human habitation, tends to stay in one place
and only flies relatively short distances of around 50 metres in the daytime.

Humans serve as an amplifying host. DENV replicates in humans, passes to the female
mosquito in its blood meal and is then transmitted to other humans and/or animals. In Asia
and Africa, non-human primates are also involved as amplifying hosts in sylvatic cycles (30).
Viral transmission can originate both in individuals who are already sick with dengue, as well
as from pre- and asymptomatic individuals. The likelihood of viral transmission is greatest in
febrile individuals with high viraemic loads. Viruses can be transmitted up to 2 days before the
development of symptoms and up to 2 days after the fever subsides (1). After 8 to 12 days
(extrinsic incubation time), the mosquito is again capable of transmitting the DENV (31). High
concentrations of DENV-specific antibodies in humans reduce the risk of infection by

mosquitoes (32).
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Cases of vertical DENV transmission, i.e., viral transmission from a pregnant woman to her
unborn child, are described in the literature (33). The risk of vertical transmission appears to

be linked to the point at which the DENV infection occurs in the pregnancy (34).
3. Clinical picture, diagnosis, and therapy

DENV infections are usually asymptomatic or mild in primary infection (approx. 75%) (4),
though the ratio of asymptomatic to symptomatic infections in the same region can vary from
year to year and in the context of outbreaks (10, 11). In a cohort study performed in Nicaragua
over several years, the ratio of asymptomatic to symptomatic infections was 16.5:1 in the
years 2006—2007 and 1.2:1 in the years 2009—2010 (35). Dengue and severe dengue, including
dengue shock syndrome (DSS), develop in very rare cases with a first infection, but are more
common with second infections. Third and fourth infections are normally associated again
with a mild or asymptomatic course (9, 36).

The illness can have several phases, including a febrile, a critical, and a convalescent phase
(see Fig. 1). After an average (intrinsic) incubation period of 5.9 days (in 95% of cases between
3-10 days) (31), non-specific symptoms can develop (headache, back and limb pains) which
normally last for 2-7 days (1). Typically, the febrile phase consists of a very sudden and severe
rise in temperature (up to 40°C) as well as severe headaches, retrobulbar pain, muscle and
joint pains, nausea, vomiting and a maculo-papular or morbilliform rash (1). If at least 2 of
these symptoms occur, dengue should be considered in the differential diagnosis. In most

cases, the symptoms last for 1-2 weeks.
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Course of dengue illness: Febrile Critical Recovery phases

Figure 1: Clinical course of dengue compared to laboratory parameters and serology (37)

Approx. 3-7 days after the onset of symptoms, the fever usually subsides. Whilst most people
improve clinically in this period, for some the so-called critical phase begins, in which the
symptoms of severe dengue manifest. This is characterised by increased capillary permeability
and fluid exudation from the vascular system, severe bleeding, and organ involvement. In
severe dengue, the laboratory chemistry shows an increase in the haematocrit and a
simultaneous significant drop in the leukocyte and thrombocyte counts. The serious fluid or
plasma loss into the extravascular compartment can lead to symptoms of shock (DSS) and a
potentially fatal outcome, with hypovolaemic (but usually not haemorrhagic) shock and
multiple organ failure being the most common causes of death from dengue (38). Untreated,
the mortality rate for dengue can be up to 13% (39), with frequent causes of death being

unrecognised or long-lasting shock, unrecognised bleeding and secondary infections. With
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early diagnosis and adequate clinical management, the mortality can be reduced to < 1% (37,
40). In epidemic years, the number of illnesses in travellers can be markedly elevated in
comparison to non-epidemic years (41). In a study from Vietnam performed between 1996
and 2009, the case mortality rate in patients with DSS was 50-fold higher than in those without
DSS (1.6% [153/9,784] versus 0.03% [28/92,683]) (42).

According to the WHO guideline from 2009 (37), the following criteria define severe dengue:
1. Severe plasma leakage, leading to shock or fluid collections with respiratory restriction or
2. Severe bleeding or 3. Severe organ involvement.

In addition to the liver, heart, and eyes, other organ systems may also be affected, such as the
peripheral and central nervous system (43-49).

After the critical phase, the so-called convalescence phase begins, during which a gradual
reabsorption of the fluid can occur.

Until 2009, the WHO had divided symptomatic dengue into three categories: undifferentiated
fever, dengue fever and dengue haemorrhagic fever (DHF). DHF was divided into further
severity grades, with grades Il and IV defined as DSS.

With the geographical spread of severe dengue in Latin America in the 1970s and the
increasing number of cases in young adults in Asia, the previous case definition was no longer
applicable, so a revised case definition was introduced in 2009 under the leadership of WHO
(37). This allowed severe cases to be better categorised as such and adequate therapy to be
provided more quickly. Under this new classification, only 2 categories are now defined:

dengue (with/without warning signs) and severe dengue, see Figure 2 (37).
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DENGUE = WARNING SIGNS SEVERE DENGUE

/ . . 1. Severe plasma leakage

/ with warning

|; signs 2. Severe haemorrhage
'\\ 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 o Shock [DSS)
® Nausea, vomiting o Clinical fluid accumulation ® Fluid accumulation with respiratory
® Rash ® Mucosal bleed distress
® Aches and pains . Lerhorgy, restlessness Severe b|eeding
® Tourniquet fest posilive ® Liver enlargment >2 cm as evaluated by clinician
¢ leukopenia ¢ Laboratory: increase in HCT .
* Any warning sign concurrent with rop'\d decrease Severe organ involvement

® liver: AST or ALT >=1000

in p|oTe\eT count
e CNS: Impaired consciousness

Luborofory-conﬁrmed dengue *[requiring sfrict observation and medical

.
(impartant when no sign of plasma leakage) inlervention) Heart and cther organs

Figure 2: Dengue case classification according to WHO (37)

3.1 Secondary infection
The risk of severe dengue is higher with a second infection than with a first infection. A

recent systematic review gave this elevated risk factor as 2.69 (50). In another systematic
review, the relative risk (RR) of a severe clinical course in a secondary infection was given as
9.4 (95% confidence interval [Cl]: 6.1-14.4) using modelling (51). This observation is
explained by antibody-dependent enhancement (ADE): the antibodies formed during the
initial infection are specifically directed against this serotype and cannot neutralise it in the
event of a subsequent infection with another serotype. However, infectious immune
complexes are formed during a secondary infection (consisting of the non-neutralising
antibodies of the first infection and the DENV of the secondary infection), which are
increasingly taken up by the mononuclear cells via Fc-receptors. This leads to an increased
viral production and the formation of vasoactive mediators (36, 52) and then, due to an
increase in the number of virus-infected cells and the viral biomass in vivo, to an increased
risk of severe disease (53). By activating the immune system, the infection then leads to T-
cell apoptosis, the release of cytokines and chemokines as well as to dysfunction and
autophagy of the endothelial cells. The consequences observed in severe dengue are the

increased capillary permeability with plasma leakage, reduction of intravascular volume and
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ultimately shock and reduced perfusion of various organs, causing hypoxia in various organ
systems.

In a study of children in Nicaragua, among the participants who found to have repeated DENV
infections, those who had a shorter interval between the first and second infections (< 2 years)
more frequently had occult second infections than those with longer intervals between the
first and second infections (11). This may be important for the risk assessment of travellers,
as unlike people in endemic countries, they are not exposed continuously, but usually over a

longer time interval.

3.2 Diagnosis and protection following natural infection
Depending upon the infection phase, various laboratory methods can be used to diagnose a

DENV infection. In principle, all 3 serological parameters - NS-1 antigen, immunoglobulin
(Ig)M, IgG — should be checked simultaneously in the first 3 weeks after the start of the illness,
in order to achieve the highest possible sensitivity and specificity (52). Samples taken in the
first weeks of illness should be examined for the presence of viral nucleic acid using reverse
transcriptase polymerase chain reaction (RT-PCR) and/or using the rapid test for the non-
structural (NS)1 viral protein. The antigen rapid test is very specific, does not require
specialised laboratory facilities, and can deliver a result after only approx. 20 minutes (1).
Serological methods such as ELISA (enzyme-linked immunosorbent assay) can detect DENV
antibodies, but the results must be interpreted alongside those from the RT-PCR or antigen
rapid tests. IgM antibodies, which suggest a recent DENV infection, are detectable from week
1 after the infection until about 3 months after infection. IgG antibodies, indicating a past
DENYV infection, can only be detected later, but usually for several decades. An infection with
one serotype provides, in most cases, lifelong persistent immunity against that serotype
(homotype protection). However, in some studies it was possible to prove isolated cases of
homotype reinfection (5-7). These few confirmed cases are currently limited to children in
endemic countries. In addition, an infection with one serotype induces a transient cross-
protection against the other serotypes (heterotype protection) (11, 54). Challenge studies
have indicated the length of the cross protection as approx. 3 months, whilst epidemiological
observations suggest that it may even persist for up to approx. 2 years (4). The decline in the
cross protective antibodies may contribute to a severe clinical course during an infection with

one of the other serotypes (see also the section Secondary infection).
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Surviving a secondary infection appears to induce a broad neutralising antibody response

(multitypic immunity) (36).

3.3 Therapy

There is no specific therapy for dengue. A mild case requires symptomatic treatment, such as
rest, adequate fluid intake, measures to reduce fever, and pain relievers. Non-steroidal anti-
inflammatory drugs (NSAIDs), particularly acetylsalicylic acid (aspirin), should be avoided due
to their impairment of platelet function. Hospitalisation is generally not necessary in mild
cases, though patients should be told about the above-named warning signs of a severe
clinical course, with the advice that, should these develop, they should seek inpatient care
without delay. In severe clinical courses, the mainstay of treatment is intravenous volume
replacement which, along with close monitoring of vital signs and haematocrit, must continue
for as long as the elevated vascular permeability persists. Even though severe dengue is a
phenomenon produced by immunological processes, randomised controlled trials (RCT) have
shown no effect of glucocorticoids on the clinical course (55). Prophylactic administration of

thrombocytes is often neither indicated nor helpful (56).

4. Risk factors for a DENV infection or a severe clinical course

4.1 Risk factors for a DENV infection
4.1.1 Travel-dependent factors

The highest risk for a DENV infection derives from travel to tropical and subtropical dengue-
endemic regions (57), which are predominantly found in Asia, but also in Latin America and
Africa. Outside these regions, infections are rare but can occur, such as in a few European
countries: In the year 2022, 65 autochthonous infections were recorded in France up to 21

October (see also Chapter 5. Epidemiology). This number exceeded the total number of

autochthonous cases reported in France between 2010 and 2021 (58). Compared to travel to
the tropical and subtropical endemic regions, the risk of infection within Europe remains,
however, very low; 99% of the cases recorded in Europe are travel related (59). Sporadic
outbreaks with local transmission also occur in the USA. Most recently, outbreaks have been

reported in Texas (2013), Hawaii (2015), Florida (2013, 2020), and Arizona (2023) (60).
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The risk of infection increases with the duration of travel. Thus, the frequency of a positive
dengue ELISA test following travel from dengue non-endemic regions (USA) to dengue-
endemic regions was 7% for journeys of 2 weeks up to < 1 year and 40% for stays > 1 year (61).
Theriskis also increased for journeys during the rainy season or during outbreaks or epidemics
(36). The infection risk in tropical regions falls with increasing altitude, although Ae. aegypti
has been found at altitudes of up to 1,700 m in Mexico, for example (62). Corresponding
studies with the predominant vector in Europe, Ae. albopictus, showed that the vector occurs
in Albania up to an altitude of 1,200 m (63).

The risk of transmission in individual cases also depends on knowledge regarding transmission
modes, the protective measures adopted (repellents, long clothing) and the implementation
of routine, sustainable vector control measures in the community. Good protection against
mosquitoes or spending most of the time in air-conditioned rooms can markedly reduce the

risk for the individual.

4.1.2 Working with DENV

Laboratory personnel in diagnostic and research departments may have an increased risk of
exposure to DENV and thus a risk of a DENV infection. Non-vector associated transmissions of
DENV have been reported in individuals in the healthcare sector (including 5 cases of
percutaneous transmission by needlestick injury as well as a mucocutaneous transmission due
to blood splashed onto the face (21, 23, 24)). In one case, a laboratory worker was found to
have contracted the DENV laboratory strain via DENV-infected mosquitoes, although the exact
mode of transmission could not be ascertained (22). These cases demonstrate the possibility
of work-related DENV exposure outside endemic countries, which can just as well lead to a

severe clinical course if there is a secondary infection.

4.2 Risk factors for a severe clinical course
According to multiple studies, the main factors associated with an increased risk of a severe

clinical course are age and previous illnesses (64, 65).

4.2.1 Age
In southeast Asian countries, dengue has long been a disease of early childhood, while

clinically manifest dengue in adults only occurred rarely. However, in recent years, there has
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been a shift in the age groups of reported DENV infections towards more cases in people > 15
years of age (66, 67). Meanwhile, in some regions of Thailand, around 30-40% of cases now
occur in adults (67, 68).

Severe clinical courses of DENV infections do occur in all age groups, but they are more
common in adults. In a prospective study in Thailand, age > 40 years (Odds Ratio [OR]: 5.215,
95% Cl: 1.538-17.689) was identified as an independent clinical factor for developing severe
dengue (65).

The clinical manifestation of second infections differs between age groups: in children in
endemic regions, second infections are more often accompanied by DSS, whereas in adults, it
is associated more often with internal bleeding (4).

The highest lethality rate is seen in children with a second infection aged 3-14 years (14.5-
times higher than in adolescents/young adults aged 15-39 years). The rate rises again slightly
for those aged over 50 years (69). This age trend also persists in hospitalisations due to dengue

and DHF (67).

4.2.2 Previous illnesses

The dataset on previous illnesses, which is a risk for a severe dengue course, is currently
limited. Various prior illnesses have been studied in single surveys with respect to increased
risk of a severe dengue course. Assessing these studies, and their at times differing results
when studying the same prior illness, is made more difficult because the prior illnesses were
not uniformly defined — mostly there is no assessment of the severity of the prior illness (50,
70, 71). It thus remained unclear whether the observed elevation of risk was independent of
the individual stage of the previous iliness or not. The issue of the effect of the severity of the
illness is complicated by the fact that relevant immunosuppression can be a contraindication

to the use of the vaccine.

4.2.3 Nutritional status

Isolated studies suggest that the nutritional status can influence the risk of a severe dengue
course. Adiposity in children and hospitalised adults seems to be associated with a severe
clinical course, whereas undernourished children rarely have a severe clinical course (72, 73).
However, the influence of nutritional status is a matter of controversial discussion in one

systematic review (74).
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4.2.4 Pregnancy

Due to the physiological changes in pregnancy (such as e.g., hydraemia), abnormalities in
laboratory results caused by dengue, such as thrombocytopaenia, leukocytopenia or elevated
haematocrit, can be masked, making diagnosis more difficult. Pre-eclampsia or the HELLP
syndrome can also produce symptoms and biochemical constellations similar to dengue.

The maternal mortality rate in case series of pregnant women with DENV infection varies
between 6.6% in Sri Lanka (75) and 15.9% in India (76). The causes of the increased mortality

are not clear (33).

4.2.5 Unborn children

Vertical transmission of DENV in maternal infection is possible at all stages of pregnancy, with
a prospective study of laboratory-confirmed diagnoses of maternal transmission to the child
showing that it occurred most commonly at the end of the 3" trimester (15 days before
delivery until 2 days post partum) (34). The risk of vertical transmission exists if there is
insufficient time for the transfer of protective antibodies from mother to foetus (33). During
the critical phase of organogenesis, or during late pregnancy, the foetus may be more
vulnerable to DENV infection, even if the maternal infection is asymptomatic (33). The average
time between maternal fever and symptoms in the newborn is said to be 7 days (range 5-13
days) (33).

A maternal DENV infection during pregnancy can lead to preterm birth, an increased rate of
Caesarean section, and low birth weight in the neonate (77, 78).

The risk of miscarriage is increased in women who have had a DENV infection during
pregnancy (76-78). Passive transmission of maternal anti-dengue IgG can increase the risk that
a future heterotype infection will develop into a severe infection due to the presence of

heterologous anti-dengue 1gG (79).

4.2.6 Gender dependency
Several studies from the Southeast Asia region suggest a gender dependency for DENV
infection and severe dengue. Studies in India, Bangladesh, Singapore, and Malaysia indicate a

higher proportion of men being hospitalised with dengue or DHF cases in comparison to
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women, whereas studies from Malaysia and India found a higher mortality rate in women
compared to men (28).

It is uncertain whether these gender-specific differences are due to gender-specific
pathogenesis/immune processes, reflect different exposure risks, or result from a difference
in access to medical care in these countries. Further research into the background of the
observed gender-specific differences is required to identify both biological and societal factors

that determine the disease patterns in a community (28).

4.2.7 Secondary infection
The risk of a severe course of a DENV infection is highest with a secondary infection. For details

see Chapter 3. Clinical picture, diagnosis and therapy, subsection “Secondary infection”.

5. Epidemiology

5.1 Epidemiology in endemic countries
The earliest dengue epidemics were reported in the 17™ and 18™ centuries in Asia, Africa, and

North America, which indicates that DENV and its mosquito vectors have been widespread in
the tropics for over 200 years. During the dengue epidemics of the 17™, 18%, and 19t
centuries, the DENV infection only caused mild, but not deadly clinical courses. It was only in
the 1950s that DENV epidemics in the Philippines and then Thailand were accompanied by
severe dengue courses (DHF). This was explained by the worldwide circulation of all four DENV
serotypes, which carry a higher risk of severe illness with second infections.

DENV is mainly endemic in tropical and sub-tropical regions and causes epidemics every 3-4
years during the rainy season (May to November) (80). The most severely affected regions are
Southeast Asia (approx. 75% of the disease burden), South and Central America and the
Western Pacific regions (4), see also Figure 3 (82). Brady et al. estimate that approx. 3.9 billion

people, or approx. 50% of humankind, are exposed to DENV (81).
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Figure 3: Estimated global risk of dengue: mean values of the estimated force of infection (FOI; per capita
rate, at which exposed individuals become infected) in dengue-endemic countries. (82)

The number of dengue cases reported to the WHO has increased more than tenfold in the last
two decades, from 505,430 cases in 2000 to 5.2 million in 2019 (1). Up to 23 August 2023, a
total of 3.7 million cases with more than 2,000 dengue-associated fatalities were reported
(83).

As the majority of DENV infections are asymptomatic or mild, it can be assumed that the
officially registered DENV infections only represent a fraction of the actual infections (84).
Modelling estimates assume approx. 400 million DENV infections per year, of which approx.
100 million are clinically apparent (84, 85). For some vyears, there have also been
autochthonous DENV infections in Europe, since the Asiatic tiger mosquito Ae. albopictus is
widely distributed in most southern European countries. In the year 2022 alone, 65
autochthonous DENV infections were registered in France (86).

In DENV-endemic regions, about 10% of all febrile episodes in children aged between 2 and
16 years can be attributed to dengue, with Asia having 4.6 infections per 100 person years and
Latin America 2.9 (87).

In a 2014 modelling study on species distribution, forecasts for worldwide distribution of
dengue in the years 2020, 2050, and 2080 were made. It included the most extensive and
geographically detailed compendium on the occurrence of dengue, socio-economic and
ecological covariants, as well as the current and future distribution of Aedes mosquito vectors
(88). It is estimated that by 2080 a further 2.25 billion people will be exposed to the risk of a
DENV infection (60% of the global population) unless there are no improvements in vector

control.
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5.2 Epidemiology in travellers
Dengue is one of the main causes of febrile illness in travellers returning from Southeast Asia,

Latin America, and the Caribbean and occurs more frequently than many other travel-
associated, vaccine preventable illnesses such as Hepatitis A, Hepatitis B, rabies, Japanese
encephalitis, or yellow fever (36).

Estimating the risk of travel-associated dengue is difficult due to the annual and seasonal
fluctuations in incidence and travel patterns, as well as to incomplete surveillance, since a
traveller’s individual risk is dependent upon multiple factors: the geographical location of the
travel destination, the season of travel, the local virus transmission rate at the time of the
journey (e.g., elevated during an outbreak), the duration of exposure, individual risk behaviour
(activities involving exposure to the vector, use of preventative measures), and not least the
possibility of a prior antigen contact (infection or vaccination). It must be added that even a
short stay in an endemic region is associated with some risk of infection (36).

The estimated incidence of symptomatic cases in travellers is 0.2-1.3% per travel month in
non-immune individuals (89-91).

In a 2020 paper which analysed GeoSentinel-Surveillance data on international travellers from
1995-2020, it was shown that dengue was the commonest arboviral illness that occurred in
the travellers studied, and that the trend had increased in the last two decades (41). The
disadvantage of sentinel monitoring is the lack of a denominator, so that the absolute risk
cannot be calculated. An increase in the number of cases in travellers could, for example, be
due to increased travel activity in dengue endemic regions or alternatively to increased
awareness and therefore more frequent laboratory testing for dengue (37).

According to ECDC, the age group with the highest sickness rate in Europe is 25- to 44-year-
old travellers, with no gender difference observed (59).

DENV infections are rarely reported in travelling children, presumably because the majority of
travellers are adults and a primary infection in children has a mostly mild or asymptomatic

course and therefore often remains undiagnosed.

Dengue has been a notifiable disease in Germany since 2001. The number of clinically and
laboratory confirmed dengue cases reported to the RKI among returning travellers in Germany
had risen continuously in pre-pandemic years, most recently from 635 cases in the year 2017

to 1,176 cases in the year 2019. Due to the pandemic-related travel restrictions, this number
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dropped to 205 in the year 2020 and 60 in the year 2021. Post pandemic, the number of cases
has markedly increased again due to increasing travel activity (92).

The actual number of returning travellers who have had a DENV infection is presumably
higher, not only because the majority of illnesses are asymptomatic: for longer durations of
travel, and due to the relatively short incubation time, some illnesses occur in the destination
country and are diagnosed and treated there. These cases then mostly do not appear in the
Robert Koch Institute (RKI) statistics.

Severe dengue and fatalities due to dengue are very rare in travellers (36, 93-95). Since severe
dengue is itself a rare event, studies to date have been unable to calculate the risk for
travellers to various destination countries. Large prospective trials with tens of thousands of

travellers in various geographic settings would be required for a valid assessment (36).

Travellers play a significant role in the global epidemiology of DENV infections, since viraemic
travellers import DENV serotypes and strains into previously unaffected regions, where, if
vectors are present, there can then be transmission. On the other hand, travellers can provide
an early warning of developments in other parts of the world if they return from regions with
limited diagnostic possibilities to their countries of origin and undergo diagnosis there.
Therefore, once the serotype has been confirmed, a report should be sent back to the country
of infection. Such internationally shared information could warn of the start of a possible
epidemic in endemic countries. This is particularly important if geographical spread of virus
serotypes and genotypes into new regions occurs, increasing the risk of severe dengue (37).

It is currently unclear whether vaccination of travellers would lead to a reduction in the

likelihood of autochthonous transmission in Germany or Europe.

6. Goal of vaccination and public interest in the vaccination
recommendation for Qdenga

The goal of vaccination against dengue with the tetravalent live attenuated vaccine Qdenga is
to prevent disease and severe cases (including death) of dengue among travellers and
individuals occupationally exposed.

Although dengue is one of the most common mosquito-borne viral infections among

travellers, severe cases requiring hospitalisation are very rare. Dengue is thus not an illness
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which leads to significant loss of work or to the burdening of the healthcare system. The
interest in a vaccine against dengue primarily relates to travellers, including business
travellers. There is also an interest on the part of employers to protect employees who are

exposed to DENV outside endemic regions (e.g., in the context of laboratory work).

7. Qdenga dengue vaccine

7.1 Composition and application
On 8" December 2022, the European Commission approved the live attenuated vaccine

against dengue for travellers over the age of 4 years. The vaccine, which was produced using
recombinant DNA technology, is distributed by the firm Takeda under the trade name Qdenga
and is based on a live attenuated DENV-2 virus, which forms the genetic “backbone” of the
tetravalent vaccine. In contrast to the wild-type virus DENV-2, the attenuated DENV-2 is
characterized by new properties, such as altered temperature sensitivity, lower replication
capacity, lower neurovirulence, and higher genetic diversity (96).

Together with the attenuated DENV-2, the composition of the tetravalent live attenuated
dengue vaccine Qdenga also includes 3 chimaeric, genetically modified viruses having the
premembrane and envelope genes of DENV-1, DENV-3, and DENV-4 on the backbone of DENV-
2 (96).

Preclinical studies have shown that the immune response to chimaeric DENV-3 and DENV-4 in
the tetravalent vaccine was less than that seen when these were given as a monovalent
vaccine. As a result, the 4 live attenuated DENV serotypes are present in varying
concentrations in the tetravalent vaccine. According to the technical information, a dose of
the tetravalent vaccine (0.5 ml) contains > 3.3 log10 plaque-forming units (PFU) of DENV-1,
> 2.7 log10 PFU of DENV-2, > 4.0 log10 PFU of DENV-3, and > 4.5 log10 PFU of DENV-4.

In addition, the vaccine powder contains a,a-trehalose dihydrate, Poloxamer 407, human
serum albumin, potassium hydrogen phosphate, disodium hydrogen phosphate, potassium
chloride, and sodium chloride, and the solvent contains sodium chloride and water.
According to the technical information on Qdenga, individuals over the age of 4 years with the
corresponding indications should obtain 2 vaccine doses of 0.5 ml at intervals of 3 months. It

has not yet been demonstrated whether booster vaccinations are required.
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The contents of the technical information are relevant to the doctor’s discussion prior to the
administration of the Qdenga vaccine. In the vaccine’s technical information, under Section
4.3 “Contraindications”, the following circumstances or groups of people are listed as
contraindications to administration of the vaccine or individuals in whom vaccine delivery is
contraindicated:
e Hypersensitivity to the active agents or other ingredients of the vaccine or
hypersensitivity to a previous dose of Qdenga
e Individuals with congenital or acquired immunodeficiency, including individuals who
have received immunosuppressive therapy such as chemotherapy or high dose
systemic corticosteroids (e.g., 20 mg/day or 2 mg/kg body weight/day Prednisone for
at least 2 weeks) during the 4 weeks prior to vaccination, as is the case for other live
attenuated vaccines
e [Individuals with symptomatic HIV infection or asymptomatic HIV infection with
evidence of diminished immune function
e Pregnant women

e Breast feeding women

In Section 4.8. “Side effects” of the technical information, the possibility of developing vaccine
viraemia is raised. In the days following delivery of the 1% vaccine dose, a study by
Sirivichayakul et al. measured vaccine viraemia, i.e., evidence of viral RNA in vaccinated
individuals, in 18 study participants (20%) on day 7 after the 1t vaccine dose, which was still
detectable in 14 participants (15%) on day 14. The group of 1.5-to-5-year-old children was
most affected (39% on day 7 and 15% on day 14). Following the 2" vaccine dose, viraemia
was only detectable in 2 individuals (day 97 and day 104 after the 1%t vaccine dose) (97).
According to the technical information, mild to moderate symptoms such as headache,
arthralgia, myalgia, and rash developed at the time of the vaccine viraemia. Even if a vector is
available, it cannot be presumed that the vaccinated individual is infectious, since almost no
replication of the vaccine viruses occurs in the mosquitoes, making transmission of the dengue

vaccine viruses by the tiger or yellow fever mosquito very unlikely (98).
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7.2 Methodology of the literature review
According to the STIKO SOP, systematic reviews are performed in order to assess the efficacy

and safety of a vaccine. With regard to efficacy, the following research question was defined
as the core aspect of the review: How effectively and safely do 2 doses of Qdenga vaccine,
administered 3 months apart, protect individuals of any age group, independent of the
underlying serostatus, against virologically confirmed dengue (VCD), severe dengue, and
death?

The 2009 WHO definition (see Chapter 3) was used to define severe dengue. Even though no
serological correlate of protection is yet known, serological end points, i.e., the levels of the
vaccine-specific antibodies (geometric mean titres, GMT), should be assessed in addition to
clinical end points.

In order to answer the research question, a systematic literature search was first conducted
for previously published reviews of Qdenga, or reviews which had been registered in the
International Prospective Register of Systematic Reviews, Prospero. Two systematic reviews
which deal with Qdenga were identified, of which one has not yet been definitively published
and can only be read as a conference protocol (99, 100). A more detailed description of the
systematic reviews can be found in the Appendix. The STIKO secretariat assessed the existing
published review using Amstar 2 (101) and rated its quality as poor. The methodology of the
conference proceedings cannot be conclusively assessed. Due to the methodological
deficiencies of the available systematic reviews, and the publication in February 2023 of
studies with longer follow-up periods (up to 3 years after vaccination), a new systematic
literature search was carried out. The goal was, amongst other things, to identify possible
post-marketing studies of efficacy and safety, which might have been carried out in those

countries where the vaccine is already licensed (e.g., Indonesia or Brazil).

7.2.1 Systematic literature search
The STIKO secretariat developed the following PICO criteria for the systematic literature
search together with the STIKO-DTG WG:

e Population: male & female, all ages; irrespective of previous dengue infection;
irrespective of endemic settings

e Intervention: TAK-003/Qdenga/Takeda tetravalent dengue vaccine/Denvax, complete
dosing schedules (2 doses given 3 months apart)
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e Comparator group: placebo, no vaccination, other vaccine (not directed against
dengue), co-administration; vaccines for which cross-protection potential is considered
(e.qg., YF, JE)

e Effectiveness, efficacy, and immunogenicity outcomes: any immunogenicity data
against dengue (assessment of vaccine-induced serotype-specific antibody GMT);
virologically confirmed dengue (VCD) (confirmed by serotype-specific reverse PCR or
NS1-Ag-test); severe dengue (confirmed by serotype-specific reverse PCR or NS-1-Ag-
test) defined according to WHO classification (2009).

e Safety outcomes: local reactions; systemic events; serious adverse events (inc. death);
adverse events of special interest (AESI): severe dengue according to WHO
classification (2009) in dengue-naive people

On 6™ February 2023, the STIKO secretariat performed a systematic literature search as
defined in the PICO criteria for the Qdenga vaccine (study vaccine TAK-003, TDV) in 2
databanks (Embase, PubMed) (for search strategy, see Appendix). The search was limited to
the years 2016-2023 since the efficacy data from Phase 2 and 3 studies were first published
after 2016.

After removing duplicates, the title and abstract of 1,212 publications were screened
independently by two STIKO secretariat employees, and 47 publications were included for full-
text screening. Thirty-six studies which did not match the inclusion criteria were excluded (for
inclusion and exclusion criteria, as well as a list of excluded studies including reasons for
exclusion, see Appendix). In addition, the reference lists of relevant publications were checked
for further publications that had not yet been included. With the inclusion of one additional
publication which was published after completion of the literature search (102), and
incorporating the Assessment Report of the European Medicines Agency (EMA) (103), which
contains data on vaccine efficacy > 3 years after the 2" vaccine dose that had not previously
been published, data were extracted from a total of 13 publications (see Figure 4).

The 13 publications relate to a total of 6 randomised controlled clinical trials (RCTs) which
were initiated or funded by the vaccine manufacturer (see Tab. 1). Post-marketing studies

could not be identified.
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5 References identified from
® database search at 06.02.2023
& PubMed n=1,299
S EMBASE n=1,858
2 N=3,157
Duplicates
1 (n=1,945)
e
< Screened after de-duplication | Irrelevant references
§ (n=1,212) | (n=1,165)
Excluded full-texts (n=36)
Reasons:
- * 6ineligible intervention
£ Full-text references assessed for * 10 ineligible outcome
o eligibility "« 17 ineligible study design (no
o (n=47) primary data)
* 2 no data for extraction
* 1 duplicates
B ) Additional references included
a after literature search:
S Included references * 1 published after search date
- (n=11+2) (DEN-305)
‘ * EMA-Assessment Report (2022)
. J h
References incl. efficacy/immunogenicity
enpoints (n=13) References incl.
» Efficacy endpoints reported in n=7 out of 3 studies safety enpoints (n=13)
(data from 2 references had been updated later)
* Immunological endpoints reported in n= 13 out of out of 6 studies (data from 6 references had
6 studies (data from 6 references had been been updated later)
updated later)

Figure 4: Prisma flowchart of the literature search on the efficacy and safety of Qdenga

Clinical efficacy data were reported in 7 publications, while immunogenicity and safety data
were found in all 13 publications. If updated data were reported in subsequent publications,
then only the data in the later publication were used. We did not perform a meta-analysis. On
the one hand, the available studies differed with respect to the studied populations as well as
the timing of the endpoint surveys (the study by Rivera et al. (104) included 4-16-year-olds
with analysis after 1, 2, and 3 years; the study by Tricou et al. (105) included 2-17-year-olds
with analysis after 48 months; the study by Sirivichayakul et al. (106) included 1.5-45-year-
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olds with analysis after 36 months). On the other hand, the numbers of participants in the

studies differed widely (Rivera et al. approx. 20,000 study participants versus 398 in Tricou et

al. and 150 in Sirivichayakul et al.), so that a meta-analysis of these 3 studies would not permit

any valid conclusions.

Performed
in endemic
region

Study pop.
total
(approx.)

Data availability

Timing of
analysis after

2" vaccine
dose

Immuno-
genicity

DEN-301
(104, 107-
109)
DEN-204
(105, 110,
111)

DEN-203
(97, 106)

DEN-305

4-16 20,000 +

2-17 1,800* +

1.5-45 150 +

(Co-admin.
YF-17D)
(102)

18-60 900 =

DEN-314
(Co-admin.
HAV)
(112)

DEN-315
(113)
EMA-

Assessment

Report
(103)
Table 1: Included studies

18-60 900 =

12-17 400 =

1.5-60 >27,000 +/-

3 years + + +
3.75 years + + +
2.75 years + + +
9 months - + +
6 months - + +
6 months - + +

6-54 months + + +

* The 1,800 people were divided into 4 intervention groups: Group 1 (n=201): 2 doses of TAK-003 at intervals
of 3 months; Group 2 (n=398): a dose of TAK-003 + a dose of placebo at intervals of 3 months; Group 3 (n=
1,002): a dose of TAK-003 + a dose of placebo at intervals of 3 months + a dose of TAK-003 at an interval of 12
months; Group 4 (n=199): 2 doses of placebo at intervals of 3 months + a further dose of placebo at an interval

of 12 months

VE — vaccine efficacy; co-admin. YF-17D - study with co-administration of a yellow fever vaccine; co-admin. HAV

— study with co-administration of a hepatitis A vaccine

The TIDES study (DEN-301) provided the majority of the data on efficacy, immunogenicity,

and safety, due to the number of participants at approx. 20,000. The TIDES study is an ongoing

double-blind placebo-controlled Phase 3 clinical trial in which 4-16-year-old individuals were

randomised 2:1. The study has been conducted since September 2016 in 8 endemic countries
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(Brazil, Colombia, the Dominican Republic, Nicaragua, Panama, the Philippines, Sri Lanka, and

Thailand).

The primary end points of the TIDES study are the assessment of VE of 2 vaccine doses against
VCD, defined as a febrile illness or illness with clinical suspicion of dengue with positive,
serotype-specific quantitative real time-PCR, occurring beyond day 30 after the 2" vaccine
dose, regardless of the inducing serotype until the end of the first part of the study (12 months
after the 2"@vaccine dose). The secondary efficacy end points include the VE of 2 vaccine doses
from day 30 after the 2" vaccine dose up to the end of the second part of the study against
a) VCD independent of inducing serotype
b) VCD dependent on the inducing serotype
c) VCD independent of the inducing serotype in individuals who were seropositive prior
to the vaccination
d) VCD independent of the inducing serotype in individuals who were seronegative prior
to the vaccination (dengue-naive)
e) Hospitalisation due to VCD independent of the inducing serotypes

f) Severe dengue independent of the inducing serotypes

The study was divided into 5 parts. The participants were contacted weekly for the duration
of the study and reminded that they should report any episode of fever, defined as
temperature > 38 °C on 2 of 3 sequential days. In Part 1 (up to 12 months after the 2"¢vaccine
dose) and Part 2 (up to 18 months after the 2" vaccine dose), blood was taken from individuals
with fever in the acute phase of the illness and tested for the presence of DENV using RT-PCR
and ELISA for the dengue-NS-1 antigen, IgM, and IgG. Additional laboratory tests included the
thrombocyte count, haematocrit, and liver function parameters, which were collected in both
the acute and convalescent phases. From the third part of the study onwards, the above
laboratory values were only checked in individuals whose fever symptoms led to
hospitalisation (enhanced passive hospital-based surveillance). In all other individuals who
were not hospitalised, an RT-PCR was only performed in the acute phase if no other
differential diagnosis seemed more plausible.

Efficacy, immunogenicity, and safety data on a booster vaccination which will be given 48-54
months after the 2" vaccine dose, will be surveyed in Parts 4 and 5 of the study. These data

have not yet been published.
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In total, 19,021 people — 6,317 placebo-vaccinated, 12,704 vaccinated with the study vaccine
— have been included in the per protocol set of the study, of which 45% of the study
participants came from the Asia-Pacific region and 55% from Latin America. The serostatus?
of all included persons was determined before the administration of the 15tvaccine dose. 72%
of the study participants were seropositive prior to delivery of the 1° vaccine dose, with a
similar proportion in the placebo and treatment groups. The highest rate of seropositivity

(84%) was in the 12-16-year-olds.

7.3 Immunogenicity of the vaccine and vaccine efficacy against
virologically confirmed dengue (VCD)
VE data on the prevention of VCD at time points 1, 1.5, 2, and 3 years have been published in

4 original papers (Biswal et al., 2019 (107), Biswal et al., 2020 (108), Lopéz-Medina et al., 2022
(109), Rivera et al., 2022 (104)). The data obtained 4.5 years after vaccination are contained
in the EMA-Assessment Report (103).

The VE in the publications for the 1%, 2"9, and 3™ years was only specified for individuals who
had received 2 vaccine doses (the per-protocol set). This form of presentation reflects the VE
for an individual to be vaccinated but is less suited to act as the basis for Public Health
decisions?. This should be taken into account when reviewing the efficacy data given for the
individual years in Table 2 and the efficacy data stratified by serostatus at the beginning of the
study and by the disease-inducing serotype in Table 3. By contrast, the VE data over time (over
1.5, 2, and 3 years) were derived from the study population, which included both individuals
who only received 1 vaccine dose and those who received both vaccine doses (the safety set
as an approximator of an intention-to-treat analysis). Since these analyses correspond more
closely to the real conditions, these estimates of efficacy were used to represent the efficacy

over time.

In the per-protocol analysis, the VE against VCD of 2 vaccine doses given at an interval of 3

months fell off rapidly over time in the study population. Thus, the VE against VCD in the 1°

2 The serostatus was defined as follows: seropositive = reciprocal neutralisation titre > 10 for at least one
dengue serotype; seronegative = reciprocal neutralisation titre < 10 for all dengue serotypes
3 Effect estimates in the per-protocol set carry a certain risk of distortion, since individuals in whom the vaccine
causes more side effects or who suffer an early infection may leave the study earlier and not obtain the 2"
vaccine dose.
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year (survey period 30 days - 12 months after the 2" vaccine dose) was 80.2% (95% Cl: 73.3-
85.3%), in the 2" year (survey period 13-24 months after the 2" vaccine dose) 56.2% (95% Cl:
42.3-66.8%), and in the 3™ year (25-36 months after the 2" vaccine dose) 44.7% (95% Cl: 32.5-
54.7%). The technical information for Qdenga contains additional VE data for the 4™ year (37-
48 months) after vaccination, but these have not yet been published elsewhere. According to
this, the values were 62.8% (95% Cl: 41.4-76.4%), see Tab. 2. The increase in the VE in the 4t
year after the 2" vaccine dose compared to the VE in year 2 and/or 3 cannot currently be
explained (possibilities would include asymptomatic infections in the interim which led to
fewer cases of VCD in vaccinated individuals, possible changes due to the occurrence of the
COVID-19 pandemic between the 3™ and 4" years of the study, or withdrawal of a portion of
the study participants before completion of the 4t year due to participation in the booster

study) (103).

In the intention-to-treat analysis, the efficacy, reported over 1.5, 2, or 3 years, also dropped
over time (see Tab. 3 and Fig. 5): The VE over 1.5 years (from the 1%t vaccine dose to 18 months
after the 2" vaccine dose) was 80.2% (95% Cl: 75.2-85.3%), over 2 and 3 years 72.7% (95% Cl:
67.1-77.3%) and 62.0% (95% Cl: 56.6-66.7%), respectively. Stratified by serostatus at the
beginning of the study, variable efficacy was seen: the VE over 18 months, 2 years, and 3 years
in individuals who tested seropositive at the start of the study was given as 81.9% (95% Cl:
75.3-86.7%), 74.8% (95% Cl: 68.6-79.8%), and 65.0% (95% Cl: 58.9-70.1%), respectively. The
corresponding VE over time for seronegative individuals was 78.5% (95% Cl: 65.0-86.9%),
67.0% (95% Cl: 53.6-76.5%), and 54.3% (95% Cl: 41.9-64.1%), respectively.
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Population: male & female, all ages, irrespective of endemic settings

Intervention: 2 doses of Qdenga vaccine given three months apart

Comparison: placebo vaccination

Outcome: virologically confirmed dengue (VCD) (serotype-specific reverse PCR or NS-1-Ag-test)

Certainty assessment mmary of findings

vent rates

Participan Overall (%) Vaccine

ts Inconsisten | Indirectne | Imprecisio | Publicatio] certainty effectivene
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Follow-up evidence Qdenga | Placebo (95% CI) e with
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Virologically confirmed dengue, overall (intention-to-treat)

follow-up: up to 18 months after 2" dose

20067 | Some Not Very Not Not ®dO0O |78/13380|199/668 | 80.2% 6 per | 24 more
(1 RCT) concer | applicable® | serious® serious? serious® Low (0.6%) |7 (3.0%) (75.2- 1000 ((18to 34
ns 85.3) more)

follow-up: up to 2 years after 2" dose
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more)
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Population: male & female, all ages, irrespective of endemic settings

Intervention: 2 doses of Qdenga vaccine given three months apart

Comparison: placebo vaccination

Outcome: virologically confirmed dengue (VCD) (serotype-specific reverse PCR or NS-1-Ag-test)

Certainty assessment Summary of findings

20067 Some Not Serious® | Serious? |Not ®DOQO |262/9663 | 358/485 65.0% 27 per | 50 more
(1RCT) | concer |applicable** serious® Low (2.7%) |4(7.4%) | (58.9-70.1) | 1000 | (39 more
ns to 64
more)

Virologically confirmed dengue in people being seronegative at baseline (intention-to-treat)

follow-up: up to 18 months after 2" dose
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more)

follow-up: up to 2 years after 2" dose

20067 Some Not Serious® | Serious? Not ®pOQ0 | 56/3714 | 83/1832 67.0% 15 per | 31 more
(1RCT) | concer |applicable®* serious® Low (1.5%) | (4.5%) |(53.6-76.5)| 1000 (17 more
ns to 49
more)

follow-up: up to 3 years after 2" dose

20067 Some Not Serious® | Serious? Not edOQ |128/3714(136/183 54.3% 34 per | 41 more
(1RCT) | concer |applicable*® serious® (3.4%) 2 (41.9- 1000 | (25 more
ns Low (7.4%) 64.1) to 62
more)

Figure 5: GRADE (Grading of Recommendations, Assessment, Development, and Evaluations) evidence
profile and “summary of findings”-Table for the end point “virologically confirmed dengue (VCD)”; Cl:
confidence interval

Explanations

a. Only one study available

b. Data only available for healthy children without comorbidities living in dengue-endemic countries. (b1) In the overall population, around
three quarters of the children in the study population were seropositive at baseline and only one quarter were seronegative. This is a
systematic deviation from the population (travellers from Germany), for which this recommendation is developed. In this population, the
vast majority of travellers is likely seronegative. Therefore, the indirectness of the overall population is reduced by two levels. For the VE
disaggregated by seronegative and seropositive status at baseline, certainty of evidence is reduced by one level.

c. According to studies registered in clinicaltrials.gov there are two completed studies (n=44 and n=80) for which data has not yet been
published. Due to the low number of study participants, we do not assume that possible effects of these studies would have affected the
overall effect.

d. The serotype specific VE estimates do not reveal VE (95% Confidence interval allows for the possibility of a null effect and of the vaccine
increasing the risk if VCD), in particular against DENV-3 and DENV-4. Among the overall study population (including both participants classified
as seronegative and seropositive at baseline), the VE against DENV-3 in year 2 was 32.8% (95% Cl: -10.9 — 59.3) and could not be estimated
for year 3. The VE against DENV-4 in year 1 was 63.2% (95% Cl: -64.4 — 91.8), in year 2 41.2% (95% Cl: -110.0 — 84.2), and could not be
estimated for year 3.

Among the study population defined as seronegative at baseline, this includes the VE against DENV-1 for year 3 (VE: 17.2%; 95% Cl: -31.8-
47.9) and against DENV-2 in year 2 (VE: 70.5%; 95% Cl: -23.4 — 93.0). The VE against DENV-3 for year 1 was -38.7% (95% Cl: -335.7 — 55.8),
for year 2 was -18.5% (95% Cl: -236.2 — 58.3); and for year 3 was 9.5% (95% Cl: -144.7 — 66.5). The VE against DENV-4 for year 1 could not be
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estimated; for year 2 it was -47.6% (95% Cl: -1319.1 — 84.6); and for year 3 it was -99.0% (95% Cl: -1680.3 — 77.8). Therefore, we considered
the provided overall estimate to be imprecise.
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Vaccine efficacy (%) (95% confidence interval) of Qdenga against virologically confirmed

dengue (VCD) - per-protocol set

1styear 2" year 3 year 4t year

80.2% (73.3-85.3%)'  56.2% (42.3-66.8%)' = 44.7% (32.5-54.7%)' = 62.8% (41.4-76.4%)*

Table 2: Vaccine efficacy of Qdenga against virologically confirmed dengue (VCD) in the 1%, 2"9, 3, and 4" year
after the 2" vaccine dose

1 DEN-301. Rivera L et al., 2022; Lépez-Medina E et al. 2021; Biswal S et al. 2019;

2 Technical information for Qdenga

Vaccine efficacy (%) (95% confidence interval) of Qdenga against virologically confirmed

dengue (VCD) after the 1 vaccine dose over time — intention-to-treat analysis (safety

set)?
up to 1.5 years up to 2 years up to 3 years
after 2" vaccine dose after 2" vaccine dose after 2" vaccine dose
62.0% (56.6—66.7%)
.29 .2 —85.39 ..
Ser8c(>) oﬁt(i?/z- 81 35/3;765) 3 72.7% (67.1 - 77.3%) Seropositive: 65.0% (58.9—

P 56.7%) ol Seropositive: 74.8% (68.6 70.1%)

N 79.8%) Seronegative: 54.3% (41.9—

Seronegative: 78.5% (65.0 — . 0
86.9%) Seronegative: 67.0% (53.6 — 64.1%)
’ 76.5%) )

Table 3: Vaccine efficacy of Qdenga against virologically confirmed dengue (VCD) after the 1% vaccine dose
over time cumulated over 1.5, 2, and 3 years, respectively. The vaccine efficacy stratified by serostatus at the
beginning of the study is added for each time point.

1 DEN-301. Rivera L et al., 2022; Lépez-Medina E et al. 2021; Biswal S et al. 2019

7.3.1 Efficacy against virologically confirmed dengue (VCD), stratified by serostatus before
vaccination and dengue serotype

The efficacy data against VCD stratified by “serostatus at the beginning of the study” and
“inducing serotype” were only reported for the per-protocol set in the studies, which
exclusively included those individuals who had received 2 vaccine doses. The VE against VCD
was markedly higher in individuals who were seropositive prior to the vaccination (i.e., who
had suffered a prior DENV infection) than in seronegative individuals (i.e., dengue-naives) (see
Tab. 4). Thus, the VE after the 2" vaccine dose was: in the 1%t year in seropositives 82.2% (95%
Cl: 74.5-87.6%), in seronegatives 74.9% (95% Cl: 57-85.4%); in the 2" year 60.3% (95% Cl:
44.7-71.5%) and 45.3% (95% Cl: 9.9-66.8%), and in the 3™ year 48.3% (95% Cl: 34.2-59.3%)
and 35.5% (95% Cl: 7.3-55.1%), respectively.

There were also differences in the VE of the vaccine in relation to the inducing DENV serotype.
The VE against DENV-2 was greater than the VE against the other serotypes (see Tab. 4), which

probably relates to the fact that DENV-2 forms the backbone of the vaccine viruses. The VE
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against serotype DENV-1 in the first year was 73.7% (95% Cl: 51.7-85.7%); against serotype
DENV-3 it was 62.6% (95% Cl: 43.3-75.4%). No significant VE against DENV-4 could be
determined due to the very low number of DENV-4 associated VCD cases (VE 63.2% (95% Cl:
-64.4-91.8%)).

Further stratification of the data by serostatus prior to vaccination showed that in
seropositives a VE could only be demonstrated up to year 3 inclusive, and only for serotypes
DENV-1, -2, and -3. For DENV-4, the VE in seropositives in the 1st year was 63.8% (95% Cl: -
61.8-91.9%) and in the 2" year 69% (95% Cl: -85.7-94.8%) — but with a negative lower 95% ClI
in each case.

A significant VE In seronegatives was only found for DENV-1 and only over years 1 and 2. No

efficacy could be demonstrated for the other serotypes (DENV-2, DENV-3, DENV-4) with the

available data.

Vaccine efficacy (%) (95% confidence interval) against virologically confirmed dengue

(VCD), stratified by serotype and serostatus at the end of the study

Causal 1styear 2" year? 3 year? 4th year 23
serotype

80.2% (73,3

56.2% (42.3-

44.7% (32.5-

62.8% (41.4-

85.3%) 66.8%) 54.7%) 76.4%)
82.2% (74.5- 60.3% (44.7- 48.3% (34.2- 64.1% (37.4-
Seropositive
87.6%) 71.5%) 59.3%) 79.4%)
74.9% (57- 35.5% (7.3- 60.2% (11.1-
Seronegative 45.3% (9.9-66.8%)
85.4%) 55.1%) 82.1%)
73.7% (51.7- 59.4% (38.5-
NA NA
85.7%) 73.2%)
79.8% (51.3- 59.1% (31.1- 45.4% (24.5- 57.7% (17.0-
Seropositive
91.6%) 75.7%) 60.6%) 78.4%)
67.2% (23.2- 60.7% (22.1- 17.2% (-31.8- 57.1% (-0.9-
Seronegative
86%) 80.2%) 47.9%) 81.8%)
97.7% (92.7-
75% (52.3-86.9%) NA NA
99.3%)
96.5% (88.8- 75.5% (49.5- 72.1% (51.6- 68.3% (-12.5-
Seropositive
98.9%) 88.1%) 84%) 91.1%)
84.9% (58.7-
Seronegative = 100% (NE, NE) = 70.5% (-23.4-93%) 100% (NE, NE)
94.5%)
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62.6% (43.3- 32.8% (-10.9-

NA NA
75.4%) 59.3%)
71.4% (54.3- 15.2% (-46.1- 52.4% (-238.2-
DENV-3 Seropositive 44.9% (1.6-69.2%)
82.1%) 50.8%) 93.3%)
-38.7% (-335.7-  -18.5% (-236.2- 9.5% (-144.7-
Seronegative 100% (NE, NE)
55.8%) 58.3%) 66.5%)
63.2% (-64.4- 41.2% (-110-
NA NA
91.8%) 84.2%)
63.8% (-61.8- 61.9% (-24.9-
O WA seropositive 69% (-85.7-94.8%) 100% (NE, NE)
91.9%) 88.4%)
-47.6% (-1319.1- -99% (-1680.3-
Seronegative NE -999% (NE, NE)
84.6%) 77.8%)

Table 4: Vaccine efficacy of 2 Qdenga vaccine doses against virologically confirmed dengue (VCD) over time
and in relation to the serostatus at the beginning of the study and the inducing serotype. The numbers in bold
indicate the overall vaccine efficacy, i.e., not stratified by serostatus

NA not specified; NE not estimable

1 DEN-301. Rivera L et al., 2022; Lépez-Medina E et al. 2021; Biswal S et al. 2019

2 Technical information on Qdenga

3 EMA Assessment Report

7.3.2 Efficacy against virologically confirmed dengue (VCD) after 1 dose of vaccine

In the context of the TIDES study, the VE of a vaccine dose against VCD was recorded for the
period between the 1%t and 2" vaccine dose. This resulted in a VE of 81% (95% Cl: 64.1-
90.0%) over the period of 3 months, which suggests a rapid onset of the protective effect

after 1 vaccine dose. There are no data for the time beyond 3 months.

7.3.3 Immunogenicity of the vaccine

The immunogenicity of the vaccine was assessed in the TIDES study by means of seropositivity
rates and the neutralising antibody levels (GMT), which were measured in the study prior to
the 1%tvaccine dose, 30 and 90 days after the 1%t vaccine dose, prior to administration of the
2"4 vaccine dose, 120, 270, and 450 days after the 15t vaccine dose and annually thereafter.
In addition to the efficacy data, the STIKO assessed the GMT of neutralising antibodies
reported in the studies. Since, as mentioned at the beginning, there is no sero-immunological
correlate of protection, these data can only be used to underpin the VE data. However, these
data cannot be used to evaluate the protective effect or its duration.

The GMT over time reported by Rivera et al. (see Fig. 6) showed that their levels after 2 vaccine
doses fell off in the first 6 months after the 2" vaccine dose, but then stabilised at a level over
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time. The GMT for DENV-2 were markedly above the GMT for the other serotypes over the
entire period of 3 years.
The GMT were markedly higher for seropositives than for seronegatives.

Baseline Seropositive Baseline Seronegative

10000 10000

1000

H L | 3 LU L Il
T T T 1 T T

01 34 9 15 7 9 01 34 9 15 7 39

Months after first vaccination Months after first vaccination

& DENV-1 Placebo —e— DENV-1 TAX-003 --®- DENV-2 Placebo —e— DENV-1 TAK-D03
DENV-1 Placebo DENY-3 TAKO03 - DENV-4 Placebo —e— DENY-4 TAK002

Basefine seropositives n=902 n=1816

Baseding seronegatives n=345 n=702

Figure 6: Serotype-specific antibody values (geometric mean titres, GMT; 95% confidence interval) by
serostatus at the start of the study (104)

7.3.4 Transferability of the study results from seronegative children from endemic countries
to seronegative adults from non-endemic countries

In an immunobridging study, the immunogenicity parameters of 4-16-year-olds from endemic
countries who were seronegative prior to vaccination (data from the TIDES study) were
compared to those of seronegative 18-60-year-old adults from the USA, a non-endemic
country. The GMT ratio between the two groups at the 6 month point after delivery of the 2"
vaccine dose was comparable, which supports the transferability of the immunogenicity data
from seronegative children in endemic countries to seronegative adults in non-endemic

countries (114).

7.3.5 Quality of the available evidence (GRADE)

The assessment of the VE of Qdenga against VCD is based on the multi-centre, triple blinded,
randomised controlled TIDES study. Evaluation of the study showed no evidence of problems
in the randomisation process (e.g., there was no relevant imbalance in the numbers of
participants, nor evidence of unblinding). There was no evidence that the selection of the end

points could have led to bias in the results. The rate of participants prematurely leaving the
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study was comparable in the intervention and the control group with 1,036 of the 13,401
randomised individuals in the intervention group and 489 of 6,698 individuals in the control
group (RR: 1.06; 95% Cl: 0.95, 1.17). There was also no evidence of a selective choice of results,
which could pose a relevant risk of systematic bias (see Fig. 7). It was, however, noticed that
the results were not reported according to the random allocation to groups (the
randomisation set) but rather according to the safety set (participants who had received at
least 1 vaccine dose). This led to the exclusion of 11 people from the placebo group and 20
people from the intervention group as well as 1 person being moved from the intervention

group to the control group.

Experimental Comparator Outcome DI D2 D3 D4 D5 Overall
TAK-003 Placebo VCD overall over 1,5, 2and 3 years + ! + + + @ +  Low risk
TAK-003 Placebo severe disease overall over 1, 2 and 3 years + ! ! ! + @ ! Some concerns

. High risk

D1 Randomisation process

D2 Deviations from the intended intervention
D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported results

Figure 7: Risk of bias assessment for the TIDES study (DEN-301) for the end points virologically confirmed
dengue (VCD) and severe dengue. As the data collection methods did not differ significantly in the different
years, the two endpoints for the analysed endpoints were assessed together at 1.5 and 1 year, 2, and 3 years
after vaccination.

Against this background, the certainty of evidence for the effectiveness of the vaccine
(certainty of evidence according to GRADE) against VCD is reduced by one level (see also Fig.
5).

The study on which the evaluation of the reliability of the evidence relies only investigated the
efficacy of the vaccine for healthy 4-17-year-olds with no previous illnesses living in dengue-
endemic regions. Up to 3/4 of the study group consisted of children who were seropositive at
the start of the study and only up to 1/4 were seronegative individuals. This represents a
systematic deviation from the population in which the recommendations contained herein
are supposed to apply (travellers from Germany). It can be assumed that the vast majority of
travellers from a non-endemic country will be dengue-naive. Therefore, the evidence derived
from the study on the protective effect in the actual target population was assessed as highly

indirect overall and reported separately for seropositive and seronegative individuals.
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In addition, marked differences in efficacy were seen in regard to serotypes in the study: for
the overall population, which contained both seropositive and seronegative individuals, the
calculated 95% Cl of VE against DENV-3 in years 2 and 3 and against DENV-4 inyears 1, 2, and
3 allows the possibility of both a null effect and an increased risk due to vaccination. In the
group of individuals who were seronegative at the start of the study, the 95% Cl of the VE for
DENV-1in year 3, for DENV-2 in year 2, and for DENV-3 and DENV-4 in years 1, 2, and 3 allows
equally for the possibility of a relevant benefit, harm, or a null effect. Therefore, the reliability
of the evidence with respect to the efficacy estimators against VCD (overall) in the 1% year

after vaccination was assessed as “low” and in the 2"¥ and 3™ years as “very low” (see Fig. 7).

7.4 Vaccine efficacy against severe dengue
In assessing the VE against severe dengue, the STIKO used the definition of severe dengue as

laid out in the 2009 WHO definition. In the TIDES study, the severity of dengue was assessed
by two methods:
1. Using comprehensive criteria from an expert committee (the Dengue Case
Adjudication Committee, DCAC), which assessed all hospitalised dengue cases using a
predefined list of criteria

2. Using the WHO definition for DHF from 1997

Since the DCAC list of criteria overlaps with the 2009 WHO classification for severe dengue,
only those cases defined as severe dengue according to the DCAC were included as severe
cases in the STIKO assessment.

The end point “Hospitalisation due to VCD” was deliberately not treated as a relevant end
point by the STIKO. Hospitalisation may proceed differently depending upon the individual
patient circumstances, country context, hospital setting, etc. Therefore, when evaluating the

data, hospitalisation cannot be considered as being equivalent to a severe dengue diagnosis.
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Population: Male & female, all ages, irrespective of endemic settings

Intervention: 2 doses of Qdenga vaccine given three months apart

Comparison: placebo vaccination

Outcome: severe dengue (serotype-specific reverse PCR or NS1-Ag-test) according to WHO classification from 2009
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Figure 8: GRADE (Grading of Recommendations, Assessment, Development, and Evaluations) evidence
profile and “summary of findings” table for the end point severe dengue; Cl: Confidence interval

Explanations

a. Only one study available

b. Data only available for healthy children without comorbidities living in dengue-endemic countries. In the overall population, around three
quarters of the children in the study population were seropositive at baseline and only one quarter were seronegative. This is a systematic
deviation from the population (travellers from Germany), for which this recommendation is developed. In this population, the vast majority
of travellers is likely seronegative. Therefore, the indirectness of the overall population is reduced by two levels. For the VE disaggregated by
seronegative and seropositive status at baseline, certainty of evidence is reduced by one level; severe dengue was not defined using the
WHO criteria for severe dengue from 2009 but by the assessment of all hospitalised dengue cases by an expert committee (Dengue Case
Adjudication Committee, DCAC) using a predefined set of criteria that are similar bot not equal to the WHO criteria

c. Only very few cases of severe dengue, wide and into the negative reaching confidence interval. Therefore, the evidence was downgraded
by two levels.

d. According to studies registered in clinicaltrials.gov there are two completed studies (n=44 and n=80) for which data have not yet been
published. Due to the low number of study participants, we do not assume that possible effects of these studies would have affected the
overall effect.
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The VE against severe dengue is reported in the publications for a study population which
included both individuals who had only received 1 vaccine dose and for those who received
both vaccine doses. It should be noted that in both cases the VE was reported over the period
of 1, 2, or 3 years after administration of the 1% vaccine dose and not separately for each
individual year. The reported VE in the 1%t year after the 1% vaccine dose was 50.2% (95% Cl: -
696.1-96.9%). In the period of 15 months after the 1% vaccine dose, 1 case occurred in the
intervention group and 1 case in the control group (107).

Over the period of 2 years and 3 months after the 1%t vaccine dose, 2 cases of severe dengue
occurred in the intervention group (n = 13,380) and 3 cases in the control group (n = 6,687),
corresponding to a VE of 66.9% (95% Cl: -97.8-94.5%) (109).

Over the period of 3 years from the 1 vaccine dose (up to 36 months after the 2" vaccine
dose), 3 cases of severe dengue occurred in the intervention group (n =13,380) and 5 cases in
the control group (n = 6,687), corresponding to a VE of 70.2% (95% Cl: -24.7-92.9%) (104).
The respective wide Cl include the possibility of a very high efficacy as well as a null effect or
a severely increased risk from the vaccine. This is due, among other things, to the very small
number of severe dengue cases in the study population.

Our own analysis of the relative risk of severe dengue stratified by serostatus gave the result
that over the period of 3 years (up to 36 months after the 2" vaccine dose) 2 cases of severe
dengue (both induced by DENV-3) occurred in the intervention group (n = 3,714) and 0 cases
occurred in the control group (n = 1,832) (see Fig. 9). This results in a relative risk of severe
dengue in dengue-naive individuals after vaccination of 2.47 (95% Cl: 0.12-51.36), after
imputation of 0.5 in both groups (115). The wide ClI cannot be interpreted unambiguously.
Whilst the point estimator suggests an increased risk of severe dengue in dengue-naive
individuals, the very wide Cl allows the possibility of an increased relative risk in dengue-naives

as well as of a null effect or a high level of protection against severe dengue.

Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
TIDES: Severe Dengue - Seronegative participants 2 3714 0 1832 91% 247[0.12,51.36]
TIDES: Severe Dengue - Seropositive participants 1 9663 5 4854 909% 0.10[0.01, 0.86) .
Total (95% CI) 13377 6686 100.0%  0.32[0.08, 1.21] —~etl—
Total events 3 5

the - = = “R= | } t |
Heterogeneity: Chi*= 2.86, df= 1 (P = 0.09); F= 65% 0.01 o1 10 100

Test for overall effect: Z=1.68 (P = 0.09)

Figure 9: Forest plot of relative risk for severe dengue stratified by dengue serostatus at the end of the study
up to 3 years after vaccination (own analysis)
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The evaluation of the study quality and the reliability of the evidence broadly corresponds
with the assessment that was made of the efficacy against VCD. Due to the very small number
of events and the resultant wide Cl, the reliability of the evidence was downgraded by 2 levels.
In addition, the data suggest a different efficacy of vaccination in individuals with seropositive
and seronegative status. The reliability of the evidence was therefore reduced by 1 step (see

Fig. 8).

7.5 Safety of the Qdenga vaccine

7.5.1 Local and systemic reactions
Local reactions < 7 days after the 1t or 2" vaccine dose were reported by Biswal et al., 2019

(107) in the group of < 6-year-olds in 106/331 participants (32.02%). In the group of > 6-year-
olds, pain, reddening, and/or swelling occurred in 861/2,302 participants (37.40%). The
corresponding data for the placebo groups can be found in Table 5. Also in Table 5 are the
systemic reactions which occurred within 14 days. Because of the differing definitions of
systemic reactions in children under and over 6 years, 2 data pairs are reported (systemic
reactions < 6 years: irritability, sleepiness, loss of appetite; > 6 years: headache, asthenia,
malaise, muscle pain). Fever was recorded independently of the other systemic reactions,
whereby it was noticeable that the symptom occurred almost as often in the < 6-year-olds in
the placebo group as in the intervention group and was even observed slightly more
frequently in the > 6-year-olds in the placebo group. The data in Table 5 were not stratified by

serostatus at the beginning of the study.
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Safety of Qdenga compared to placebo vaccination in people of any age

Bibliography: TIDES study

Population: Male & female, all ages, irrespective of endemic settings

Intervention: 2 doses of Qdenga vaccine given three months apart

Comparison: placebo vaccination

Outcome: local reaction, serious adverse events (inc. death), adverse events of special interest (AESI): severe dengue according to WHO
definition 2009 in sero-negatives

Certainty assessment Summ findings
ated
Stud t rates (% .
Overall udy event rates (%) Relativ | absolute effects

Participants| _. . . . . N o e
X Risk of | Inconsisten | Indirectne | Imprecisio | Publicati | certaint :
(studies) P Y effect Risk

Follow-up <A <y =2 on bias . of With With (95% | with | differenc
evidence | qgenga | Placebo ) e with
Placebo

Local reactions (pain, redness, swelling) occurring up to 7 days after vaccination

All age-groups (4—16-year-olds)

20067 Some Not Serious® Not Not @@O 967/2633 | 336/1317 | 1.44 367 188
(1 RCT) concern | applicable? serious |serious® O (36.72%) | (17.92%) | (1.30—| per fewer
s 1.60) | 1000 (164

Low
fewer to
209
fewer)

Systemic reactions occurring up to 14 days after vaccination

All age-groups (4—16-year-olds)

20067 Some Not Serious® Not Not @@O 1029/263 | 457/1316 | 1.13 391 | 44 fewer
(1 RCT) concern | applicable? serious |serious® O 3 (34.73%) | (1.03—-| per (12
s (39.08%) 1.23) | 1000 | fewer to
Low
73
fewer)

Fever occurring up to 14 days after vaccination

All age-groups (4-16-year-olds)

20067 Some Not serious® serious? | not @OOO 266/2606 | 147/130 | 0.90 102 | 11 more
(1 RCT) |concern | applicable? serious® Very low (10.21%) 3 (0.75—-| per |(34 more
s (11.28% | 1.09) | 1000 | to8
) fewer)

Serious adverse events inc. death up to 3 years after vaccination

All age-groups (4-16-year-olds)

20067 High® Not Serious® Not Not @OOO 386/1338|234/668 | 0.82 |29 per| 6 more
(1 RCT) applicable® serious [ serious® Very low 0(2.90%) 7 (0.70-| 1000 | (12 more
(3.50%) | 0.97) tol
more)

Figure 10: “GRADE” (Grading of Recommendations, Assessment, Development, and Evaluations) evidence
profile and “summary of findings” table for the safety end point; CI: Confidence interval.
1 DEN-301. Rivera L et al., 2022; Lopez-Medina E et al. 2021; Biswal S et al. 2019

Explanations
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a. Only one study available

b. Data only available for healthy children without comorbidities living in dengue-endemic countries. In the overall population, around
three quarters of the children in the study population were seropositive at baseline and only one quarter were seronegative. This is a
systematic deviation from the population (travellers from Germany), for which this recommendation is developed. In this population, the
vast majority of travellers is likely seronegative. Therefore, the indirectness of the overall population is reduced by two levels. c. According
to studies registered in clinicaltrials.gov there are two completed studies (n=44 and n=80) for which data has not yet been published. Due
to the low number of study participants, we do not assume that possible effects of these studies would have affected the overall effect.

d. Low number of events leads to a broad confidence interval, which allows for the possibility of relevant effects favouring the intervention,
favouring the control, as well as a null effect.

e. High risk of bias due to potential misclassification of dengue cases as non-dengue serious adverse events; leading due to the protective
effect of the vaccine against VCD to a relative reduction in the rate of SAE to the benefit of the intervention group.
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Age group < 6 years Age group 2 6 years

Observed

eriod after Number of participants Number of participants
Safety P each with reactions/analysis with reactions/analysis
(o) 0,
outcome vaccine group (%) group (%)
Local reactions <7d 106/331 41/169 861/2,302 295/1,148
(pain, (32.02%) (25.44%) (37.40%) (25.70%)
reddening,
swelling)
Systemic < 14d 88/331 35/169 941/2,302 422/1,147
reactions (26.59%) (20.71%) (40.88%) (36.79%)
(apart  from
fever)
Fever < 14d 45/327 23/169 221/2,279 124/1,134
(13.76%) (13.61%) (9.70%) (10.93%)

Table 5: Local and systemic reactions after each vaccine dose (107)

7.5.2 Serious adverse events including death
Serious adverse events (SAE) including death were reported up to the end of the study. The

data available at the time of publication of the background paper from up to 3 years after the
start of vaccination are presented in Table 6 (104). The data were obtained from the entire
study population of the TIDES study (inclusion of 4-16-year-olds). The systemic symptoms
included symptoms in various systems such as disorders of the gastrointestinal tract, the
nervous system, the kidneys and urinary tract or infections and parasitic diseases. In part,
these occurred more often in the placebo group than in the intervention group (for disorders
of the gastrointestinal tract and for infections and parasitic diseases; data not shown). In total
there were 7 fatalities during the TIDES trial, 5 in the intervention group and 2 in the placebo
group. There has been a total of 21 fatalities in all the clinical TAK-003 studies, of which 14
occurred in placebo-controlled studies with similar incidences in the intervention and control
groups (0.1%) (116). In the TAK-003 group there were 10 fatalities due to injuries (2 wounds,
2 traffic accidents, and 1 craniocerebral injury), one malignant ependymoma, suicide,
asphyxia, cerebrovascular arteriovenous malformation, and a case of multiple organ failure.
The 4 fatalities in the placebo group were due to a traumatic lung injury, an adenocarcinoma

of the colon, a squamous carcinoma of the lung, and an aseptic meningitis (116).
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According to the study leaders, there is no connection between the serious adverse events

and fatalities and the use of vaccine or placebo.

Age group: 4-16 years
Number of participants with

Safety outcome Observation period reactions/analysis group (%)
Serious adverse Up to study end (3 386/13,380
234/6,687 (3.50%)
events years) (2.90%)
Death* Up to study end (3

5/13,380 (0.04%) 2/6,687 (0.03%)
years)

Table 6: Severe adverse events (SAE) and deaths (104)

* Deaths in the intervention group: traffic accident, wound from sharp object, suicide, multiple organ
dysfunction after attempted suicide, craniocerebral trauma. Deaths in the control group: adenocarcinoma of
the colon, traumatic lung injury after drowning

7.5.3 Unexpected adverse events of special interest

Severe dengue as defined in the 2009 WHO classification when it occurred in vaccinated
dengue-naive individuals was classed as an unexpected adverse event of special interest (AESI)
and interpreted as evidence of an ADE. Severe dengue was not reported stratified by
serostatus in the included publications. The risk of an ADE is very difficult to determine in a
study. The occurrence of severe illnesses after a vaccination can equally indicate a vaccine
breakthrough with a severe course or a severe clinical course triggered by the vaccination.
As reported above in the analysis of the relative risk of severe dengue stratified by serostatus,
a relative risk of severe dengue of 2.47 (95% Cl: 0.12-41.36) was found in dengue-naive
individuals. The wide Cl includes both the possibility of an increased relative risk in dengue-
naives and also a high level of protection against severe dengue. In any event, based on these
data, it cannot be ruled out that the vaccination can trigger an ADE in dengue-naive

individuals.
7.5.4 Quality of the available evidence (GRADE)

The assessment of study quality and reliability of the evidence here largely corresponds to the

assessment that was reached for efficacy against VCD and severe dengue (see Fig. 11).
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It was not possible to conclusively assess whether there were differences between
seropositive and seronegative individuals with respect to serious events based on the
available data.

With respect to the SAE, the results for year 3 after the 2" vaccine dose suggest that fewer
events occurred in the intervention group (386/13,380; 2.90%) than in the control group
(234/6,687; 3.50%), corresponding to a relative risk of 0.82 (95% Cl: 0.70-0.97) (see Fig. 10).
This was due primarily to differences in the infectious SAE (“infections and infestations”), with
248 (1.9%) events occurring in the intervention group and 169 (2.5%) in the control group (RR:
0.7; 95% Cl: 0.6-0.9). If the SAE are ignored, the numbers of adverse events in the control and
intervention groups were comparable (RR: 1.1; 95% Cl: 0.8-1.4). These results can be
interpreted as meaning that some of the VCD cases were incorrectly classified as SAE, and that
the increased efficacy of the vaccine against VCD distorted the SAE to the disadvantage of the
placebo group. With this background, the reliability of the evidence was downgraded by 2
levels, due to the risk of systematic distortion. Regarding the end point of all fatalities 36
months after the 2" vaccine dose, the reliability was downgraded due to the very low

numbers of events and the resultant wide Cl (see Fig. 10).

Unique ID Experimental Comparator Outcome D1 D2 D3 D4 D5 Overall
Local AE TAK-003 Placebo Local reactions <7 d + ! ! + ! -
Systemic AE TAK-003 Placebo Systemicreactions<14d (% - + + + !
Serious AE TAK-003 Placebo Serious AE<3y + ! ! . : .
Death TAK-003 Placebo Death<3y + ! 1 + . !

D1 Randomisation process

+ | Low risk

! Some concerns

. High risk

D2 Deviations from the intended interventions

D3 Missing outcome data
D4 Measurement of the outcome

D5 Selection of the reported result

Figure 11: Risk of bias assessment for the TIDES study (DEN-301) for the end points local and systemic
reactions, serious adverse events including death.

7.5.5 Summary of efficacy and safety data on Qdenga
According to the available study data, the Qdenga vaccine shows good VE against VCD in the
1st and 2nd year after administration of 2 doses of vaccine at 3-month intervals in individuals

who have had a DENV infection in the past. There was a serotype-specific VE in the 1° year
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after vaccination against DENV-1, DENV-2, and DENV-3. A VE against DENV-4 could not be
determined.

On the other hand, a VE against VCD in dengue-naive individuals (serotype independent) could
only be demonstrated in the 1%t year after vaccination, though this related exclusively to an
efficacy against DENV-1 and DENV-2. No efficacy against DENV-3 or DENV-4-associated VCD
in seronegatives could be established.

The VE against severe dengue could not be determined due to the small numbers of cases of
severe dengue that occurred in the studies.

On the basis of the available data, it is not possible to conclusively determine whether there
is an increased risk of severe dengue, in the sense of an ADE, following vaccination in dengue-
naive individuals. Even if this is only a theoretical risk based on the current data, an ADE risk

has already been observed with another live attenuated chimaeric dengue vaccine.

7.6 Immunogenicity of the vaccine and safety of co-administration
with hepatitis A and yellow fever vaccines
At the time of data analysis, 2 studies on the co-administration of Qdenga have been

published, 1 study on co-administration with a hepatitis A vaccine and 1 study on co-
administration with a yellow fever vaccine.

The study on co-administration with a hepatitis A vaccine was performed on 900
seronegative participants aged 18-60 years in a non-endemic setting in the United Kingdom
(112). The study investigated 3 groups, who received the hepatitis A vaccine and/or TAK-003
and/or placebo. On day 1 of the vaccine series, 2 doses of the vaccines were administered; 3
months later 1 vaccine dose of either TAK-003 or placebo (group 1: hepatitis A vaccine +
placebo — placebo; group 2: TAK-003 + placebo — TAK-003, group 3: TAK-003 + hepatitis A
vaccine — TAK-003). The co-administration of TAK-003 and a hepatitis A vaccine showed a non-
inferiority with respect to the levels of the hepatitis A antibodies in comparison to single
vaccination against hepatitis A and led in all DENV serotypes to similar or slightly higher GMT
1 month after the 2" vaccine dose of TAK-003. The clinical relevance in the known absence of
a cut-off for protection is unclear. The number of local and systemic reactions was comparable
in the 3 groups. Pain at the injection site was reported most frequently (34.7-48.4% in all
groups, for both vaccines). With few exceptions, all the local reactions were rated as mild.
There were no clinically relevant differences in systemic reactions related to the placebo or

the vaccine (41.9-49.5% in the 3 groups). Headache was reported most frequently (37.8%
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regardless of vaccine administration). Most systemic reactions were rated as mild and
occurred within 10 days. Serious reactions were observed in 0.7% in group 1, 2.7% in group 2,
and 2.3% in group 3, unrelated to placebo or vaccine (112). There were no fatalities during the

study.

The study on co-administration with a yellow fever vaccine was also carried out in a non-
endemic setting (USA) in 900 seronegative participants aged 18-60 years (102). Here, too, 3
groups were studied in which the vaccines YF-17D (yellow fever vaccine) and/or TAK-003
and/or placebo were administered. On day 1 of the vaccination series, 2 of the vaccines were
administered, at 3 and 6 months, 1 vaccine dose was administered (group 1: YF-17D + placebo
—TAK-003 — TAK-003; group 2: TAK-003 + placebo — TAK-003 — YF-17D; group 3: TAK-003 + YF-
17D — TAK-003 - placebo). The primary goal of the study was to demonstrate non-inferiority
of the seroprotection rate of the yellow fever vaccination 1 month after the simultaneous
administration of yellow fever vaccine and TAK-003, and secondary goals included the
demonstration of the non-inferiority of the GMT after yellow fever vaccination and
administration of TAK-003.

It was possible to demonstrate the non-inferiority of the seroprotection rate of the yellow
fever vaccination. Co-administration of TAK-003 and the yellow fever vaccine resulted in
slightly higher dengue GMT 1 month after the 2nd dose of TAK-003 (group 2: 3.078; 95% Cl:
2.452 - 3.865, group 3: 4.322; 95% Cl:3. 653-5,114) and 1 month after the 2nd dose of TAK-
003 in a slightly lower GMT for DENV-1 compared to the GMT in group 2, which had only
received 2 doses of TAK-003 by this time. Non-inferiority could be demonstrated in the study
for DENV-2, DENV-3, and DENV-4, but not for DENV-1, the clinical relevance of which is
unclear.

Most of the expected local and systemic side effects were transient and of mild to moderate
severity. Local reactions were reported by 45.9%, 56.4%, and 60.3% of participants in groups
1, 2, and 3. The local reaction reported most frequently in all groups was pain at the injection
site, with the rate depending markedly upon the vaccine administered (TAK-003: 24.9-42.2%,
YF-17D: 10.4 — 24.1%; placebo: 9.7 — 16.5%). The systemic reactions occur with similar
frequency in the 3 groups (55.2% in group 1, 59.2% in group 2, and 60.6% in group 3), with

headache being the most common.
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Unexpected side effects were reported by 20.3% (group 1), 25.3% (group 2), and 21.4% (group
3); arash developed in 4 participants after administration of TAK-003 and in 1 participant after
administration of a yellow fever vaccine.

Severe reactions were reported by 4.3% (group 1), 3.3% (group 2), and 2.3% (group 3) of the
participants. No connection to the vaccination was seen for any of the severe reactions. Across
all groups, 12 participants exhibited side effects that led to their withdrawal from the study,
including 2 fatalities (diabetic ketoacidosis and drug abuse). Again, there was no relationship

to the vaccines administered.

These data allow the conclusion that co-administration with hepatitis A or yellow fever

vaccines does not significantly affect the immunogenicity or the safety of Qdenga.

7.7 Interval between a previous infection and vaccination
Following a laboratory-confirmed DENV infection, two aspects are relevant regarding the

interval to a 1% vaccine dose:

1. Could too short an interval influence the efficacy of the live attenuated vaccine since the
high levels of post-infectious antibodies present may prevent the replication of the attenuated
vaccine viruses and thus reduce the antiviral immune response?

2. If the interval is too short, must we fear an increased reactogenicity of the vaccine because
of the preexisting post-infectious immune response?

These questions were not evaluated systematically in the licensing studies for Qdenga. In a
paper on the dengue vaccine Dengvaxia, it is discussed that the immune responses to a wild
type infection should have no influence on the reactogenicity of the vaccine, but that a
“refractory period with reduced efficacy [of the vaccine] might result after an infection” (117).
To avoid both a reduced efficacy and an increased reactogenicity, the STIKO deemed an
interval of 6 months between infection and vaccination to be sensible. This is in agreement
with the recommendations of the US Centers for Disease Control and Prevention (CDC) on the
usage of the dengue vaccine Dengvaxia (118). Since it can be assumed that a wild type
infection generally induces at least a 6-month cross protection against the other 3 serotypes
(8-11), the recommended interval is presumed to present no risk that a second infection could

occur in this period.
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8. Serological diagnostics

8.1 Notes on determination of serostatus
Most of the test procedures to detect antibodies against DENV have been developed and

validated to diagnose acute or recent infections. The serological diagnosis of a prior DENV
infection in order to determine the serostatus is becoming ever more difficult due to the
increasing worldwide spread of various human pathogenic orthoflaviviruses (119). The
orthoflaviviruses, which also include, in addition to DENV, the tick-borne encephalitis (TBE)
virus, the Japanese encephalitis virus, and the yellow fever virus, are genetically related and
have structural similarities, which means that IgG-antibodies, for example, that are formed in
response to, e.g., a yellow fever infection or vaccination, can also produce a false positive
reactivity in serological DENV tests (119). Serological DENV tests with higher specificity, such
as the virus neutralisation tests or multiplex tests, whilst established, are not widely available
for routine diagnostic use.

As a result, particularly in individuals from non-endemic regions, a reactive (positive) DENV
antibody detection is not sufficient evidence of specific seropositivity for DENV. Even a non-
reactive (negative) DENV antibody test is no certain proof that there has not been a prior DENV
infection. This would require both known threshold values for DENV antibody concentrations,
below which there is no increased risk of ADE, and test methods for which a sufficiently high
sensitivity has been demonstrated. As this is not currently the case, the determination of

serostatus does not appear to make sense at this stage.

8.2 Notes on laboratory diagnostics after vaccination
Unexpected pharmacological effects can occur in vaccinated individuals that are clinically

similar to a DENV infection, see symptoms mentioned in chapter 7.5 Safety of the Qdenga

vaccine. Since the Qdenga vaccine contains the NS-1 antigen (the target antigen for the usual
DENV antigen test), the laboratory tests can show positive results in the first weeks after
vaccination (both detecting DENV-specific 1gG and IgM antibodies, and also a positive DENV
antigen test for the NS-1 antigen), even though there is no wild-type DENV infection in the
vaccinated individuals present. The occurrence of dengue-like symptoms after vaccination
(occasionally also combined with positive results in the laboratory tests) can be termed

“vaccine dengue”.
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If it is highly likely that the existing symptoms are due to “vaccine dengue” (development of
symptoms 7-14 days after vaccination, wild virus infection unlikely due to lack of exposure to
DENV), this symptom and laboratory constellation should not be classified as dengue. A case
report to the responsible health authority is not necessary in the case of "vaccine dengue".
Irrespective of this, a suspicion of damage to health exceeding the usual degree of a vaccine
reaction must be reported by name in accordance with § 6 Para. 1 of the Infection

Protection Act (IfSG).

9. Vaccine acceptance and feasibility of implementation

Since the vaccine became available to the market, it has been introduced in various endemic
countries (latest data as of 23 August 2023: Indonesia, Brazil, Argentina, Thailand). The
vaccine was licensed for the European market by the European Commission on the 8t

of December 2022. The recommendations for travellers differ from country to country in the
EU: in Belgium, the Superior Health Council recommends vaccination against dengue with
Qdenga for individuals over 4 years who are travelling for a period of > 4 weeks or who make
frequent short trips and who fulfil all of the following criteria: 1. Prior dengue infection
(medical history or laboratory confirmed), 2. Travel to a dengue-endemic region, 3. Receipt
of both vaccine doses prior to departure (120).

In Sweden, the vaccine is only recommended for adults who have already had a prior DENV

infection. In children aged 4-16 years it can be given independent of a prior infection (121).

9.1 Vaccine acceptance

Data on vaccine acceptance in endemic countries and/or in travellers from non-endemic
countries are not available. The renewed post-pandemic increase in travel, especially in
dengue endemic areas, suggests that vaccination against dengue would be accepted by

travellers as long as it does not pose any significant risks.

9.2 Feasibility of implementation

The vaccination series consists of 2 vaccine doses which are given at a minimum interval of 3
months. Since advice about travel vaccination often occurs shortly before the start of the

travel, completion of the vaccination series prior to the start of the travel cannot be
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achieved in many cases. This vaccination schedule is not practical, especially for people
travelling at short notice. Although the data indicate efficacy against DENV infection after 1
vaccine dose for up to 3 months after vaccination, there are currently no data regarding the
period beyond 3 months. Departure after only 1 vaccine dose should especially not occur in
dengue-naive individuals.

Disclosure of a medical history of a laboratory-confirmed DENV infection is sufficient
evidence of a prior DENV infection. Testing to find the DENV serostatus prior to vaccination
is not recommended, see Chapter 8.1 Notes on determination of serostatus. The advice on
travel vaccination should also contain information, and, if applicable, tips on additional
preventative measures, such as adequate protection against mosquitoes, which can also

protect travellers from other mosquito-borne diseases.

10. Summary

The present clinical efficacy data show that the vaccine can effectively prevent VCD in the 1%
year, with higher efficacy in individuals who have had a prior DENV infection than in dengue-
naive individuals, which presumably includes the majority of travellers from Germany (VE
against VCD in the 1%t year after vaccination 82.2% versus 74.9%). The vaccine efficacy declines
over time in both groups of individuals, with the decline shown in the studies being greater
for seronegative individuals (VE against VCD in the 2" year after vaccination: 60.3% versus
45.3%).

Regarding the serotype-specific protection rates against VCD, the efficacy patterns were
heterogenous: due to the structure of the vaccine with a DENV-2 backbone, the greatest
efficacy was seen against DENV-2-induced VCD (97.7% in the 1%t year after vaccination). The
efficacy against the other DENV serotypes is lower: the VE in the 1% year after vaccination
against DENV-1 is 73.7%, against DENV-3 62.6%. The efficacy against DENV-4 could not be
demonstrated due to the small number of VCD cases induced by DENV-4 in the licensing
studies.

Protection against severe dengue could not be proven in the licensing studies due to the few
cases of severe dengue which occurred.

Particularly in the light of experiences with the dengue vaccine Dengvaxia (Sanofi), which is

only licensed for use in endemic countries, the requirements for future dengue vaccines
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should be that they show efficacy against all 4 serotypes both in individuals with prior DENV
infection as well as in dengue-naives. Particularly for the latter group of individuals, this cannot
be confirmed for Qdenga. The wide ClI, which extend into the negative, do not permit
definitive interpretation. In addition to a protective function, the vaccine might also harbour
the risk that after the first DENV contact by means of vaccination, a second contact with DENV

(e.g., infection during a later journey) might unleash an illness with a severe clinical course.

With regard to safety, no signals of a safety risk have been identified in the studies to date.
Much of the available data are derived from an extensive study of 4-16-year-old children and
adolescents in endemic countries, of which approx. 2/3 demonstrated antibodies against
DENV in their serum at the beginning of the study. The transferability of these data to adults
in non-endemic countries is only possible using immunogenicity parameters, and here the
absence of antibody thresholds for protection limits the transferability.

According to Takeda, the first post-marketing studies in endemic countries are planned. The
STIKO will discuss their results, along with results from studies on booster vaccination, with
respect to possible changes in vaccine recommendation once they have been published.

The synthesis of the evidence assessed by the STIKO-DTG working group and STIKO can be

found in the Evidence-to-Decision tables in the Appendix.

10.1 Vaccine recommendation for travellers with previous laboratory-
confirmed DENV infection

The STIKO recommends vaccination against dengue with the Qdenga vaccine as a travel
vaccine (R) for individuals who have a history of prior laboratory-confirmed DENV infection
and who are travelling to a dengue-endemic region where they have an increased risk of
exposure (e.g., longer stays, current outbreak event). A full vaccine series should be completed
prior to departure (i.e., 2 vaccine doses at a minimum interval of 3 months).

A laboratory-confirmed DENV infection in the medical history means that proof of laboratory
diagnostics carried out in the past does not necessarily have to be provided. However, a report
of dengue-typical symptoms during or after an earlier stay in a dengue-endemic country is not
sufficient without laboratory confirmation at the time of the acute symptoms due to the wide
differential diagnosis. Laboratory testing for a prior DENV infection is not recommended, as

explained in Section 8.1 Notes on determination of serostatus .
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The vaccine is licensed from the age of > 4 years, although there are currently no data on
efficacy, immunogenicity, and safety for the age group > 60 years. The STIKO assumes that the
risk-benefit ratio will also be positive in the age group > 60 years for individuals with a prior

DENV infection.

10.2 Vaccine recommendation for travellers with no previous DENV
infection
The data for individuals who have not had a prior DENV infection (“dengue-naive”) are very

limited at present. The STIKO therefore does not currently provide a general vaccine
recommendation for the dengue-naive. If, after a detailed medical consultation, an
individualised decision is made to vaccinate a dengue-naive individual in line with the
licensure, the individual to be vaccinated should be informed that the risk of infection
intensification in the event of a future infection (e.g., during the next journey) cannot be
ruled out. The currently available data for dengue-naive individuals could not demonstrate
any protection against DENV-3 and -4-associated disease following vaccination. If the
decision is nevertheless made to vaccinate, a full vaccine series (i.e., 2 vaccine doses at a
minimum interval of 3 months) must be completed prior to departure.

Serological testing to determine the serostatus is not recommended (see 8.1 Notes on

determination of the serostatus).

10.3 Vaccine recommendation for occupational indication for
vaccination against dengue
Individuals who have a history of a prior laboratory-confirmed dengue virus infection and

who carry out targeted activities with dengue viruses outside endemic regions (e.g., in
research institutes or diagnostic laboratories), should receive a complete vaccine series (i.e.,

2 vaccine doses at a minimum interval of 3 months) as an occupationally indicated vaccination

(B).
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10.4 Notes on special groups (individuals with immune deficiency,
pregnant and breast-feeding women)
The vaccine is contraindicated in individuals with congenital or acquired immune deficiency,

as well as in pregnant or breast-feeding women.

10.5 Notes on booster vaccinations
At the present time, no statement can be made about the necessity or timing of a booster

vaccination. Relevant studies have not yet been completed. As soon as results are available,
the STIKO-DTG WG will assess them and determine whether this will lead to a change to, or

extension of, the vaccine recommendation.
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