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General introduction and outline

Emerging infectious diseases

In medicine, the discipline of infectious diseases is characterized by several unique features
amongst which are a constantly changing and sometimes unpredictable need to address new
threads. Such threads are relevant for a group of patients or a whole population (1). Emerging
infectious diseases are infections that either recently appeared in a given population or those
whose incidence or geographic spread is rapidly increasing in the future. Past experience has
shown that emerging virus infections and outbreaks could cause a large number of human deaths
and potentially have a huge impact on society. The HIV pandemic that started almost 40 years
ago, is still going on, and societal impact is huge. With the 2020 UNAIDS 90-90-90 treatment goals
and the additional commitments to end AIDS in 2030 there is hope the pandemic can finally be
controlled and stopped. Lessons learned from the HIV pandemic are helpful in strategy planning
to control other outbreaks. This is for instance demonstrated by the Ebola virus disease outbreak
in West Africa in 2014, which has renewed the attention to global health security, for instance due
to its unprecedented scale and impact (2). Just months later, Zika virus (re-)emerged, and became
an important public health treat in several countries situated around the equator. The virus was
difficult to contain as it is transmitted to humans by Aedes spp. mosquitos, which are abundantly
available in the region (3). Emerging infectious diseases become of more relevance for reasons of
increasing travel and mobility, increased crowding and welfare worldwide. Preventing emerging
infectious diseases involves several aspects, amongst which are understanding of pathophysiol-
ogy and epidemiology in conjunction with a framework of a local, regional and worldwide public
health system that involves steps of surveillance, emergency preparedness and prevention. In this
regard, joined efforts and knowledge from Western countries and local countries are needed to
study and act upon diseases as a joint responsibility to combat infectious diseases (2). A significant
number of emerging infectious diseases are zoonotic in origin, that is, the disease has crossed the
species barrier and is able to cause human diseases. A number of countries around the equator
display conditions that favor such conditions, for instance by habiting mammals (e.g. monkeys as
natural host) and arthropods (e.g. mosquitos as vector). This includes Indonesia, an emerging low
to middle- income country, that is strongly connected with the world for its history in the Colonial
Era, emergence as independent country and tourism destination. Unique characteristics such as
a variety of cultural habits, religious beliefs within the country and an diverse ecosystem put
Indonesia apart from other countries (4). For such reasons, the study of infectious diseases needs

to translate international practices to local needs and opportunities.

The archipelago Indonesia

The archipelago Indonesia compromises thousands of islands spread across the equator. It is
considered the largest economy in Southeast Asia and is home to 300 ethnic groups, impressive
flora, fauna and several touristic highlights. According to data from the World Bank (5), Indonesia
is displaying continuous economic growth and is considered an emerging low to middle-income
country (6). Poverty rates were cut in half, to 9.8%, in a time span from 1999 to 2018 (5). Still, the
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population is vulnerable to economic misbalance, as close to a quarter of the populations income
is just above the national poverty line. Great efforts have been made in improving public services
(7), but the quality of health clinics is considered uneven to middle income standards. It is one
of the reasons why governmental five year medium-term plans, PIMN (Rencana Pembangunan
Jangka Menengah Nasional), focus on health-care development. More specifically, accessibility of

basic health-care facilities for the less privileged people is to be improved (8, 9).

Accessibility of health care

The accessibility of healthcare facilities in Indonesia is different from Western countries. In
Western countries healthcare is generally characterized by good accessibility and a healthcare
insurance coverage taking care of expenses (10). Those living in Indonesia face the following
difficulties: first, a basic health insurance for all inhabitants was only introduced in 2014 and
is currently mandated for all inhabitants. Next, some may find themselves distant from health
care facilities. Especially those in urgent need of medical care might not reach the hospital in
time due to their physical distance or limited self-reliance to facilitate transportation. Last, the
understanding and management of both non-communicable (NCD) and communicable (CD) dis-
eases needs a more consolidative approach and a decentralized implementation (9). The group of
NCD’s includes cardiovascular diseases, chronic respiratory diseases, cancer, diabetes and mental
health conditions, which alone are responsible for 71% of all deaths worldwide. It is known that
the poorer the people, the more disproportionately they are affected by NCDs (11). Financial
self-support of some inhabitants is limited and so is the ability to pay for several medications. In

contrast, up to 70% of males cannot refrain from smoking (12).

Communicable diseases (CD)

Communicable diseases (CD) include all human infectious diseases - caused by micro-organisms
(e.g. bacteria, parasites) and viruses (13). These pathogens are transmitted directly from one
human to another (person to person) or indirectly, via insects, other animals or by consuming
contaminated food and water. Seventeen percent of infectious pathogens is spread via arthro-
pods (e.g. mosquitos), which can act directly as intermediate hosts for human infections or via
other mammalian hosts. Over recent decades, two views have emerged in this regard. First,
climate changes and global warming influence the behavior of vectors (14). This is clearly seen in
expanding areas with suited breeding circumstances for Aedes spp. mosquitos (15-17). Second,
increased understanding of the interplay of mammalian species has resulted in the one-health
concept, which delineates collaborative efforts from several fields of work (18). The number of
relevant micro-organisms and viruses is extensive and for instance includes dengue and Human
Immunodeficiency Virus (HIV). They can result in a heterogeneous spectrum of clinical signs
ranging from mild and self-limiting to severe conditions, including chronic/persistent infections,
long-term disability/morbidity and even can cause mortality. In this work we focus mostly on for

human relevant viral infectious diseases.
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Diagnostics

When a patient comes to a hospital with a fever, the treating physician will assess several clinical
parameters and obtain specimens from the patient to perform routine laboratory tests. Based on
clinical experience and epidemiology he/she might consider an infection with (myco)bacteria or
viruses. Initiation of empirical treatment might be indicated and could improve patient outcomes
if started promptly. An increasing number of hospitals use molecular assays to detect genetic
material of pathogens or viruses in a sample taken from the patient. The data acquired is also
relevant for compiling epidemiological reports. While these assays are characterized by their
high specificity (19), high costs are a major hurdle to the implementation of such techniques in
low-middle income countries. Also, most molecular assays are known to have a turn-around time
of at least a few hours from sampling to final reporting and thus cannot be used in the initial
clinical assessment. Alternative methods include antigen detection, cell culture (commonly used
for bacteria, and if handled correctly for viruses as well) or serological assays. Antigen detection
and serological assays are possible through a number of commercially available tests. Culture is
considered gold standard for pathogen detection and is often combined with the aforementioned
techniques to improve diagnostic accuracy. Serology is based on the response of the human im-
mune system to pathogens and is particularly useful to follow-up an acute infection or to perform

serological surveillance in a group of individuals (20).

The burden of flavivirus infections

Flavivirus infections, a genus in the family of Flaviviridae, are amongst the most prevalent acute
viral infections in human in Indonesia. Dengue virus, a virus in the flavivirus genus, was detected
in Indonesia already half a century ago, and while once confined to Asia it now even poses a
threat to Europe (21, 22). Dengue is mainly vectored by mosquitos of the Aedes spp. and the
infection is increasingly stressing the admission capacity of hospitals. Aedes spp. mosquitos also
facilitates the spread of several other flaviviruses, including Japanese encephalitis — known to
cause long term neurological sequelae (discussed in detail in Chapter 2) and yellow fever. Yellow
fever virus is a vaccine preventable disease (23). It infects all species of monkeys and certain other
small mammals. Even though Indonesia habits monkeys in its rain forests, yellow fever has not yet
established itself in Indonesia as no current evidence about yellow fever presence in Indonesia is
available. Modeling studies however, show that the circumstances in Indonesia would suit yellow

fever receptivity, which thus could contribute to local transmission (17).

Human Immunodeficiency Virus

Human immunodeficiency virus - 1 (HIV-1) is a lentivirus from the family of Retroviridae. For most
human cases, the virus is sexually transmitted. Non-sexual transmission occurs predominantly
from mother to child during pregnancy or during birth (vertical transmission). If the virus is left
undiagnosed and untreated, virtually all people infected with HIV-1 will progress to acquired

immunodeficiency syndrome (AIDS) and eventually will die. AIDS is characterized by depletion
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of CD4+ T-cells in the peripheral blood, which in turn results in impaired function of the immune
system and hence opportunistic infections arise. Many HIV-infected people are unaware of their
status and therefore may contribute to the spread of the virus (24). For this reason, worldwide ef-
forts direct to “test and treat” strategies for HIV (25, 26). Current HIV-1 testing is characterized by
high sensitivity and specificity and is based on the development and detection of HIV-1 antibodies
and p24 antigen. A positive result should be complemented with tests to differentiate between
the HIV antibodies and detection of plasma viral RNA and/or antigen (27). The introduction of
antiretroviral treatment (ART) transformed HIV into a chronic condition. Although the virus is not
cleared from the body, plasma viral load becomes undetectable, preventing viral transmission
and greatly reducing progression to AIDS. During ART, HIV stays latently present in cells, with
limited impact on general health. Quality of life over the past years and life-expectancy in people
living with HIV improved, as treatment regimens are increasingly simplified and side-effects re-
duced (28). First call on HIV surveillance in Indonesia is made in a letter of Vranckx and colleagues.
Already in 1986, just three years after the first research groups described their findings on a
“novel retrovirus” (29, 30), Indonesian researchers stress the need to immediately implement
surveillance and control measures (31). Recent data from the Asian-Pacific region shows that
Indonesia contributes to 18% of the new HIV infections and to 23% of AIDS-related deaths in
that region. Stigma and misconceptions about HIV are abundant in daily life in Indonesia. For
instance, more than half of the adults would not buy vegetables from a vendor living with HIV.
While the HIV incidence rate decreased from 0.28 (per 1000 - 95% Cl: 0.24-0.31) in 2005 to 0.19
(95% Cl: 0.16-0.22) in 2017 — AIDS-related deaths are high and are estimated to 39.000 cases in
2017. The number of people living with HIV in Indonesia is estimated at 630.000, 42% (95% Cl:
36-49) is aware of their HIV status and only 14% (95% Cl: 12-17) is on treatment (data from 2017)
(32). Since the discovery of HIV, people are on the search for HIV cure — current efforts look either
to functional cure — a situation in which a person living with HIV would be able to suppress HIV
without ART; and to viral eradication — a situation in which the body would be free from HIV (33).

Rationale and Outline

The studies in parts I, Il, and Ill aim to address the current situation, explore possible interven-
tions and look into future opportunities for human Emerging infectious diseases in Indonesia.
As introduced above, joined efforts and knowledge from Western countries and Indonesia are
important in the study and the acting upon infectious diseases in Indonesia. This is reflected in
the following chapters, which later integrate to a summarizing discussion, included in part IV of
this thesis.

The current situation is studied in Part I, comprising Chapters 2-4. With a main focus on clinical
data, we “set the problem”. Chapter 2 is a clinical overview of the available data on acute virus
infections in the Indonesian archipelago. Acute virus infections increasingly stress the admission
capacity of hospitals. Scientific data is presented jointly with surveillance data from the Indone-

sian government and also includes data from ProMED mail, an email service to provide informa-
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tion about emerging diseases. Chapter 3 describes the clinical data from a two year prospective
cohort study conducted in patients admitted with fever and signs/symptoms of central nervous
system (CNS) infections. CNS infections are relevant for their association with high mortality and
morbidity and thus have a high impact on a (local) society. In Chapter 4, we describe a case from a
local outbreak of a vaccine preventable disease that has a potential to emerge in other countries.
In Part Il, comprising Chapters 5-7, we elaborate on challenges that clinicians and healthcare
policy makers face. The first challenge is the abundance of outbreaks of flavivirus infections that
stress the capacity of healthcare systems. In Chapter 5, we studied thrombocyte function in
dengue virus infection using a point-of-care test as there is a clinical need to be better able to
judge the need for hospital admission in a patient infected with dengue. Another challenge are
the increasing number of immunocompromised patients, that are treated for a NCD (e.g. renal
transplantation in case of end-stage renal disease). This group of patients needs measures to
them from future infections. Last, the abundance of Aedes mosquito spp. in Indonesia would
potentially facilitate a local outbreak of yellow fever. The challenges to protect the immune
compromised patient to infections while home and on travel are discussed in Chapter 6 and 7. In
Chapter 6 the challenges to adequately protect immunocompromised patients to infections are
studied from the perspective of a Western country. Next, Chapter 7 explores possible changes in
yellow fever vaccination strategies in immune compromised patients, bridging the emergence
of immunocompromised patients and the potentially emerging yellow fever virus in Indonesia.
Part 1ll, comprising Chapters 8-10, focuses on studies in HIV infected individuals. Amongst the
future challenges, the search for a durable control of HIV infection is needed. In Chapter 8 we
explore the current scientific knowledge on HIV from the Indonesian perspective, as there is no
current overview on research and knowledge gaps. In Chapter 9 and 10 we present data of the
phase Il HTI-TriMix mRNA vaccine clinical trial in HIV infected individuals on stable treatment —as
example of studies in the search for a durable control of HIV.

Key findings are summarized and future implications are discussed in the context of current
literature in Chapter 11.
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Part 1

Setting the problem
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ABSTRACT

Therapeutic vaccinations aim to re-educate human immunodeficiency virus (HIV)-1-specific im-
mune responses to achieve durable control of HIV-1 replication in virally suppressed infected
individuals after antiretroviral therapy (ART) is interrupted. In a double blinded, placebo-con-
trolled phase Ila multicenter study, we investigated the safety and immunogenicity of intranodal
administration of the HIVACAT T cell Immunogen (HTI)-TriMix vaccine. It consists of naked mRNA
based on cytotoxic T lymphocyte (CTL) targets of subdominant and conserved HIV-1 regions (HTI),
in combination with mRNAs encoding constitutively active TLR4, the ligand for CD40 and CD70
as adjuvants (TriMix). We recruited HIV-1-infected individuals under stable ART. Study-arms HTI-
TriMix, TriMix or Water for Injection were assigned in an 8:3:3 ratio. Participants received three
vaccinations at weeks 0, 2, and 4 in an inguinal lymph node. Two weeks after the last vaccination,
immunogenicity was evaluated using ELISpot assay. ART was interrupted at week 6 to study the ef-
fect of the vaccine on viral rebound. The vaccine was considered safe and well tolerated. Eighteen
percent (n = 37) of the AEs were considered definitely related to the study product (grade 1 or 2).
Three SAEs occurred: two were unrelated to the study product, and one was possibly related to
ART interruption (ATI). ELISpot assays to detect T cell responses using peptides covering the HTI
sequence showed no significant differences in immunogenicity between groups. There were no
significant differences in viral load rebound dynamics after ATl between groups. The vaccine was

safe and well tolerated. We were not able to demonstrate immunogenic effects of the vaccine.
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INTRODUCTION

Despite the major successes of antiretroviral treatment (ART), the burden of treatment and costs
drive the search for alternatives (1, 2). Therefore, alternative strategies to achieve a durable
control of human immunodeficiency virus (HIV) replication are needed. Therapeutic vaccinations,
aiming at the induction or enhancement of HIV-specificimmune responses, represent a promising
approach (3). In most therapeutic vaccine trials, the products tested were safe and induced CD4
and/or CD8 T cell-mediated immune responses (4, 5). However, this did not result in prolonged
suppression of HIV replication in patients that underwent ART interruption (5). For this reason,
novel immunogens in combination with new adjuvants are being investigated.

Here, we explore the use of a new HIV immunogen, known as HIVACAT T cell Immunogen (HTI),
in a phase lla clinical trial, conducted by the iHIVARNA consortium. Its mRNA sequence joins
critical HIV CTL epitopes that are overall conserved and predominantly recognized by individuals
with spontaneous low HIV viral loads. CTL responses against the HTlI immunogen had a higher
functional avidity and broader cross-reactivity than CTL targeting other HIV antigens (6-8). Elic-
iting or expanding this type of CTL responses might, therefore, induce T cell-mediated control
of viral replication. As adjuvants, TriMix, a rationally designed product with mRNAs encoding a
constitutively active form of Toll-like receptor 4 (caTLR4), the ligand for CD40 (CD40L) and CD70
was used, which has been shown to promote antigen presenting cells function (9).

In preclinical mouse experiments, HTI-TriMix was found to be immunogenic (10, 11). Next, HTI-
TriMix was proved to be safe in a dose-escalating phase | clinical trial in 21 chronic HIV-1-infected
patients under stable ART (10, 12). In the current randomized placebo-controlled double-blinded
study (13), HIV-1-infected individuals on stable ART were vaccinated with HTI-TriMix, TriMix
alone, as control, or Water for Injection (WFI), as placebo, to investigate safety and T cell immu-
nogenicity of HTI-TriMix. In addition, after vaccination, ART was interrupted to study the effect of
vaccination on viral rebound. Furthermore, we report the effect on viral DNA and RNA reservoir.
After completion of the phase | and lla trials, it became apparent that the study product HTI-
TriMix contained an unintended start codon upstream of the HTI immunogen coding sequence.

This error could have influenced the expression of the mRNA-encoded HTI vaccine protein.

MATERIALS AND METHODS

Patients

Inclusion started after approval from designated ethical committees (EC) of the participating cen-
ters and competent authorities of The Netherlands (NL57593.000.16), Belgium (2016-002724-
83), and Spain (2016-002724-83). From March until July 2017, we recruited HIV-1-infected par-
ticipants under stable ART from participating centers Erasmus MC (MEC-2016-602, Rotterdam,
The Netherlands), Hospital Clinic, (25/2016, Barcelona, Spain), Hospital Germans Trias i Pujol,
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(EC: Hospital Clinic, Badalona, Spain), Institute of Tropical Medicine (EC: Universitair Ziekenhuis
Brussel, Antwerp, Belgium), and Universitair Ziekenhuis Brussel (2016/316 - Brussels, Belgium).
Comprehensive inclusion and exclusion criteria are available in Supplementary data 1. Briefly,
patients were eligible for enroliment if stably treated HIV-1 infection, as determined by a viral
load (pVL) < 50 copies/mL, a CD4 cell count > 450 cells/uL, and a nadir CD4 T cell count > 350 cells/
pL. Female participants were closely monitored for possible pregnancy. During ART interruption
(ATI), reinforced counselling for HIV transmission prevention was provided. Written informed

consent was obtained, prior to inclusion.

Vaccinations

After screening, eligible patients were enrolled and randomized to one of the three study-arms, as
seen in Figure 1A — layout according to the Consolidated Standards of Reporting Trials (CONSORT)
statement (14). Per protocol, each study arm (HTI-TriMix n = 40, TriMix n = 15 or WFI n = 15) was
randomly allocated and stratified per center. This ratio would allow sufficient study of HTI-TriMix
compared to control groups TriMix and WFI, as is detailed below and in Supplementary data 2.
An interim analysis was prespecified once half of the patients were recruited. No patients were
further recruited until the results of this interim analysis were analyzed (see below). Randomiza-
tion and blinding were performed by an independent statistician, using R for the generation of
codes (15). The vaccine was administered using ultrasound guidance, by a trained radiologist in
an inguinal lymph node (visits at week 0, 2, and 4). AT started two weeks after last vaccination,
at week 6 and during up to 12 weeks to week 18, with in-hospital follow-up, including physical
examination, as well as viral load and CD4 T cell count measurements at weeks 8, 10, and 14,
as seen in Figure 1B. ART could be reinitiated at any time before week 18 if CD4 T cell counts
dropped below 50% of baseline or to < 350 cells/uL, and/or if clinically recommended. After ART
was resumed, patients were followed until 12 weeks to assess pVL and CD4 T cell count recovery,
as seen in Figure 1B.

Study Safety (Primary Objective)

Safety assessments consisted of subject diary cards up to seven days following the vaccinations,
outpatient clinic visits, and routine laboratory assessments, as seen in Figure 1B. Safety assess-
ments were categorized according to Common Terminology Criteria for Adverse Events (CTCAE)
version 4 (2010), which was mapped to Medical Dictionary for Regulatory Activities (MedDRA)

version 20.0 terms on analysis.

ELISpot Assay (Primary Objective)

Immunogenicity was assessed on cryopreserved PBMC at screening, baseline (i.e., day of first im-
munization) and weeks 4, 6, 10, 18, and 30 of follow-up by the quantification of T cell responses by
an interferon-gamma (IFN-y) ELISpot assay in a single research laboratory, as described before (10,
12). For patients that restarted ART before week 18, the last PBMC sample off-ART was considered
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as week 18 for the analysis of the ELISpot results. Briefly, cryopreserved PBMC were stimulated
after thawing and overnight (o/n) resting, with consensus B HIV peptide pools in duplicate (15-
mers overlapping by 11 aa). The first set of peptide pools matched the HTI immunogen sequence
(“IN”); the second set of peptide pools covered the rest of the HIV-1 proteome (“OUT”) (12, 16).
Media alone in triplicate was used as the negative control. Stimulations with phytohemagglutinin
(PHA-P, final concentration 1 ug/mL, #L-1668, Sigma-Aldrich/Merck KGaA, Darmstadt, Germany)
and CEF pools (Cytomegalovirus, Epstein-Barr virus, Influenza virus) final concentration 2 ug/
mL, #CTL-CEF-001, ImmunoSpot ®, Bonn, Germany) were used as positive controls. Results are
expressed as mean number of spot forming cells (SFC)/10° PBMC from duplicate wells. Criteria
for analysis were: PBMC viability > 80%, the media control <50 SFC/10° PBMC, positive responses
against PHA-P >500 SFC/10° PBMC. ELISpot responses were considered positive in case of >50
SFC/10° PBMC and number of SFC/10° PBMC at least >2-fold over media control.

Ultrasensitive Viral Load

A total of 10 mL of EDTA plasma was ultracentrifuged at 170,000 x g for 1 h at 4 °C. Tubes were
equilibrated with 50 mM Tris-Cl, pH 7.6; 150 mM NaCl to a final volume of 12 mL. After centrifuga-
tion, 11.2 mL of supernatant was aspirated and discarded. The pellet was thoroughly resuspended
in the remaining 800 pL and tested for viral load with the Cobas® HIV-1 test on the Roche Cobas®
4800 system. To account for the concentration of the virus, the obtained result was multiplied by
0.08 (0.8 / 10).

Viral Reservoir

To explore changes in the HIV reservoir size that could result from activation of HIV-1-specific
latently-infected CD4 T cells, total HIV-DNA levels and cell-associated unspliced HIV-RNA (caRNA)
(10, 12) expression in peripheral CD4 T cells were quantified at baseline and weeks 2, 4, 6, 18,
and 30 of follow-up. Both parameters were measured by droplet digital polymerase chain reac-
tion with two different sets of primers (5’LTR and Gag loci) to avoid mismatching, as previously
described (17, 18). caRNA was calculated as HIV-RNA copies relative to the housekeeping gene
TATA-binding protein (TBP). Total HIV DNA was expressed as logy, copies of total HIV DNA per
million CD4 T cells measured by the housekeeping gene RPP30.

Statistical Analysis and Interim Analysis

A full overview of the statistical analysis, sample size calculation, and interim analysis is available
in Supplementary data 2. Briefly, enrolled participants were included in both an intention-to-treat
and safety analysis. Results are displayed as n (%) and median, interquartile range (IQR), unless
stated otherwise. The primary safety endpoint is described by number and percentage of grade
3 or above AEs. The primary immunogenicity endpoint is described by the total magnitude of HTI
specific IFN-y T cell responses as the sum of SFC/10° input PBMC to all positive HTI peptide pools,

and was calculated as logi,(W6 responses) — logyy(baseline responses) and log;,(W18 responses)
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- logyo(baseline responses). All analyses were performed two-sided at the 5% significance level,
unless otherwise specified. Time until viral rebound, evolution of pVL, and viral reservoir were
analyzed using a linear mixed effects model to compare the evolution over the study period. The
moderate increase in T cell responses to peptides spanning the HTI sequence at week 8 of the
phase | clinical trial (11,12) led to extra vigilance. A protocol amendment in order to perform a
futility analysis during the phase lla trial was implemented. Recruitment was paused after half of
the participants were enrolled, followed by an interim analysis on the primary endpoints of the
study performed by an independent statistician. In case the standard test statistics for comparing
two means was smaller than 2.23, the trial should be stopped for futility. The power of the trial
was calculated as 85% in this case.

RESULTS

Flow chart and design of the study are shown in Figure 1. A total of 38 HIV-infected individuals
were screened for eligibility before the interim analysis. From the 35 eligible participants, one
withdrew consent, and another was not randomized for logistical reasons; neither were included
in the analysis. Thus, 33 participants started and completed the vaccination series (HTI-TriMix n
= 16; TriMix n = 9; WFI n = 8). All but one participant were male, with a median age of 42 years,
as seen in Table 1. Median time on ART since HIV-1 diagnosis was 6.10 years (IQR 3.35). Two
weeks after the last vaccination, 32 participants stopped ART. One participant encountered a SAE
after the third vaccination and did not stop ART (see below). Three SAEs were reported and will
be discussed later. All participants experienced one or more AEs during the study. There were
no significant differences in the total number of participants with AEs between the study arms.

Differences in laboratory results AEs were not calculated due to sparse data.

Safety and Tolerability of Intranodal Vaccination

Overall, the procedure and the vaccine were well tolerated. From the total number of 206 AEs
(entire study), 18% (n = 37) were considered to be definitely related to the procedure or vaccine,
but none of them were known grade 3 or above (three of unknown grade), as seen in Table 2 and
Supplementary data 3. The most frequently reported AEs (n = 32) were short-lasting pain at the
site of injection, localized numbness (<48 h) and vasovagal reactions. Twenty-seven percent of
all AEs (n = 55) were considered to be possibly or probably related to the vaccine or vaccination
procedure. This included mild, flu-like symptoms and headache, malaise, chills, and fatigue that
lasted for a period <72 h. Four participants had an increase in creatinine kinase (CK), three of
them were below grade 3. One of them had a CK increase of >10x upper limit of normal (grade
4) that was considered related to heavy exercise. None of them reported complaints and values
normalized without intervention. No other laboratory abnormalities were classified as AE. After

the third vaccination, an unrelated SAE was reported for one participant (HTI-TriMix). An acute
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obstructive cholangitis and associated pancreatitis was diagnosed, and the subject was admitted
to a hospital.

During per protocol follow-up and before ATI, pVL was <50 cp/mL, as seen in Supplementary data
4A, and no changes in pVL were observed using ultrasensitive viral load measurements, as seen
in Supplementary data 4C. As shown in Table 1, no changes in CD4 T cell counts were observed

throughout the vaccination period.

Assessed for eligibility (N = 38)

Excluded (n = 5)

+ Not meeting inclusion criteria (n = 3)
+ Withdrew consent (n = 1)

+ Not randomized (n=1)

Randomized (N = 33)

l Allocation l Allocation l
Allocated to HTI-TriMix (n = 16) Allocated to TriMix (n = 9) Allocated to Water for Injection (n = 8)
+ Received all three vaccinations (n = 16) + Received all three vaccinations (n = 9) + Received all three vaccinations (n = 8)

| oom | oomm |

Interrupted ART (n = 15) Interrupted ART (n = 9) Interrupted ART (n = 8)
+ Restarted ART early < week 18 (n = 10) + Restarted ART early < week 18 (n = 5) + Restarted ART < week 18 early (n = 5)

+ SAE occurred (unrelated) (n = 1) + Restarted ART at week 18 (n = 3) + Restarted ART at week 18 (n = 3)
+ Restarted ART at week 18 (n = 5) + Did not restart ART; early study termination;

patients decision (n= 1) Did not interrupt ART (n = 0)

Did not interrupt ART (n = 1) Did not interrupt ART (n = 0) SAE occurred (unrelated); after restart of ART
+ SAE occurred; early study termination; (n=1)
physicians decision (n = 1)

Analysed (n=16) Analysed (n=9) Analysed (n=8)
+ Excluded from analysis n = 1 where + Excluded from analysis n = 1 where + Excluded from analysis (n = 0)
indicated in text/tables indicated in text/tables

vaccinations ART - interrupted - resumed
ART ART
INTERRUPTION RESUMPTION

9
00
00

o

o

o

o

o

o

o

e
e © [~ [~

@ A )
Figure 1. Study flow diagram and study design. (A) Consolidated Standards of Reporting Trials (CONSORT)
-based diagram (14) delineating the screening and enrollment of study subjects, assignment of study arms,
and course of the study. (B) Diagram of study procedures. Time points where the assays/study procedures
were planned are indicated by: Wx = week x (i.e., WO = week 0); Vac = vaccination; Imm = Immunogenicity
using IFN-y ELISpot assay; Res = reservoir assessment; usVL; ultrasensitive plasma viral load.

L@
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Table 1. Clinical characteristics of participants.

Overall HTI-TriMix TriMix Water for Injection p
(N=33) (n =16) (n=9) (n=8)
Median Age (IQR) 42(17)  445(18)  46.0(19) 40.0 (19) NC®
Male N (%) 32 (97%) 15 (94%) 9 (100%) 8 (100%) NC
Supposed Method of HIV MSM* 29 (88%) 14 (88%) 8 (89%) 7 (88%) NC
Transmission Heterosexual  2(6%)  1(6%) 0(0%) 1(12%) NC
IvD® 1(3%) 0(0%) 1(1%) 0 (0%) NC
Unknown 1(3%) 1 (6%) 0 (0%) 0 (0%) NC
Median HIV-1 pVL Prior to First 4.65 (0.80) 4.52(1.05) 4.78(0.70) 4.93 (1.30) NC
Start ART (Logso cp/mL) (IQR)
Median Years from First ART 6.10 (3.41) 4.80(3.53) 6.93 (5.18) 6.73 (1.16) NC
Initiation (IQR)
Median CD4 Cell Count (IQR) at ~ “ART Initiation 435 (184) 436 (214) 440 (240) 402 (109) NC
Baseline 769 (310) 793 (352) 708 (369) 742 (239) NC
Week 6 829 (339) 872(352) 815 (420) 837 (338) 0.424
Restart of ART 638 (254) 668 (246) 535 (168) 626 (306) 0.267
End of Study 846 (323) 908 (411) 748 (314) ** 759 (387) 0.313

Characteristics of study participants grouped by treatment arm. Group differences were post-hoc tested using
Kruskal-Wallis H test, results presented here are unadjusted for study site and were not corrected for missing
data. *MSM: men who have sex with men; $SIVD: intravenous drug use; £ART: antiretroviral treatment; § NC:
not calculated ** Results of one patient are omitted (did not restart ART, see text and Figure 1).

Table 2. Study safety reported as grade 3 or above adverse events (AEs).

HTI-TriMix TriMix WFI
n/N (%) 95% Cl n/N (%) 95% Cl n/N (%) 95% ClI P
Local AE 0/16 (0.0) 0.0t019.4 0/9(0.0) 0.0t029.9 0/8(0.0) 0.0to32.4 NC°
(Grade 3 or Above)
Systemic AE 0/16 (0.0) 0.0t019.4 1/9(11.1) 2.0t043.5 0/8(0.0) 0.0t032.4 NC
(Grade 3 or Above)

Other Clinical or Lab AE ( 2/16 (12.5)" 3.5t036.0 0/9 (0.0)

Grade 3 or Above)

0.0t029.9 1/8(12.5) 2.2to47.1 0.38

Number of patients (%) who developed grade 3 or above AEs. Because of sparse data, no formal comparison
was done for local and systemic AEs. For other clinical or lab AEs, the Cochran—Mantel-Haenszel test was
performed, stratified by site, as seen in Supplementary data 2. ¥ one subject with CK increase >10x upper
limit of normal. §NC: not calculated.

Safety and Plasma HIV-1 RNA Detection During Treatment Interruption

All 32 participants that underwent ATl had a viral rebound (two consecutive measurements of
pVL >1000 copies/mL separated by at least 15 days, during ATl (one missing measurement for
one subject)). First detectable viral load after treatment interruption was observed at a median of
two weeks post stop-ART. Hazard ratios of time until viral rebound were not significantly different
amongst groups (p = 0.18). None of the participants had symptoms suggestive of acute retroviral

syndrome during the treatment interruption. Supplementary data 4B shows the course of pVL
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over time during ART after ART resumption. One participant was lost to follow-up after week 10
visit, as he decided not to visit the clinic anymore.

On advice of the treating physician, ART was restarted before week 18 in 20 participants (median
6.2 weeks post ATI, IQR 2.6 weeks; median pVL 5.14 log,, cp/mL, IQR 1.68). Ten participants re-
started ART per protocol at week 18 (median HIV-RNA 4.80 log;, cp/mL IQR 0.58). One participant
(WFI) stayed off-ART until week 22, because of a low plasma viremia at week 18 (236 cp/mL)
(protocol deviation). At week 22, a SAE was reported for this participant; a worsening of previ-
ously known depression and anxiety, which was unlikely to be related to either the vaccine or low
grade viremia. Following medical recommendation, ART was reinitiated. None of the participants
reached a state of functional cure (pVL < 50cp/mL without ART) at the end of ATl, i.e., at week
18. Based on a locally estimated scatterplot smoothing (loess) graph of log;, pVL from treatment
interruption until restart of ART, a piecewise linear model was fitted with a breakpoint at 35 days,
with nested random effects for subject and site. We found no statistically significant associations
for the HTI-TriMix group with pVL (p = 0.63).

Safety and pVL Decline During Treatment Resumption

Seven participants (23%) still had detectable pVL at the end of the study (i.e., 12 weeks after
treatment resumption). All participants reached pVL < 50cp/mL thereafter, as confirmed by their
treating physicians (data not shown, beyond study protocol).

One participant (HTI-TriMix) suffered from a diverticulitis that was complicated by a sigmoidal
perforation eight weeks after restarting ART: it was considered a possible immune reconstitution

inflammatory syndrome.

Immunogenicity of the Vaccine

At week 6 and compared to baseline, no significant increase in the total frequencies of IFNy+ IN
specific T cell responses in the HTI-TriMix group compared to the WFI group was observed (mean
difference -0.07 log;o SFC/10° PBMC; 95% Cl: -0.35, 0.20; p = 0.14, shown for all three groups),
as seen in Figure 2. These findings dictated to halt further inclusion of patients for futility. OUT
responses behaved similar to IN responses during the vaccination period (week 0-6).

The IFNy+ T cell responses against the IN peptide showed a trend towards increasing both earlier
and to a larger extent in both the HTI-TriMix and TriMix groups as compared to the WFI group.
The observed differences did not reach statistical significance. A similar modest increase in the
HIV-specific responses against the OUT peptides was observed.

Excluding early restarters, we found no statistically significant differences (p = 0.50) in magnitude
of HIV-specific T cell responses at baseline and week 18, between HTI-TriMix group and control
groups (mean difference compared to WFI 0.07 log;, SFC/10° PBMC; 95% Cl: -0.51, 0.65).
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Figure 2. Immunogenicity: IFN-y ELISpot assay. HIV-specific responses presented as change in spot forming
cells (SFC) per 10° PBMC + SEM. Top row (A) shows HTI “IN” peptides, bottom row (B) shows “OUT” peptides.
Arrows indicate vaccinations, grey area indicates ART treatment interruption. Absolute mean (SEM) values at
baseline: (A): HTI-TriMix 296.7 (137.6); TriMix 430.9 (188.9); WFI 193.5 (99.59) SFC/10° PBMC and (B): HTI-
TriMix 560.8 (128.3); TriMix 1417 (680.2); WFI 629.0 (252.4) SFC/10° PBMC.

Changes in HIV Reservoir

We observed no changes in the size of the viral reservoir during vaccination, based on both total
HIV DNA and caRNA measurements, as seen in Figure 3. Following ATI, both total HIV-1 DNA and
caRNA increased in all study arms. At week 30, i.e., 12 weeks after reinitiating ART, both viral
reservoir values were returning to baseline levels. Based on loess smoother graphs of levels of

total HIV DNA per 10° CD4 T cells as well as ratios of caRNA versus general transcription factor
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Figure 3. HIV reservoir: total HIV DNA and caRNA. Levels of total HIV DNA and caHIV RNA/TBP. Whiskers show
the 10th and 90th percentiles.
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TBP a piecewise linear model was fitted. For total HIV DNA, this was fitted with breakpoints at
90 and 130. For caRNA a model was fitted with breakpoints at 30, 80, and 150 days. Overall, we
did not find a significant effect of HTI-TriMix on the kinetics of the viral reservoir during vaccina-
tion, treatment interruption and treatment resumption (Total HIV DNA p = 0.99, caRNA p = 0.69),

compared to the control groups.

DISCUSSION

The vaccine was shown to be safe and well tolerated as no serious unforeseen safety issues oc-
curred and vaccine related side-effects were short-lived. Unfortunately, after completion of this
clinical trial, a coding error was discovered in the plasmid DNA that had been used as template for
the mRNA vaccine-construct. The plasmid contained an additional and unintended start codon
upstream of the HTI open reading frame (ORF). This upstream start codon, present in the mRNA
vaccine, allows initiation of an alternative ORF encoding a 15 amino acid peptide. The initiation
is favored by the optimal Kozak sequence for this upstream AUG. By contrast, the HTI start codon
is not situated in an optimal Kozak consensus. Therefore, this coding error could inhibit or largely
reduce initiation and elongation of the downstream HTI ORF (19-21) . It is conceivable that the
HTI ORF could be suboptimally expressed from the mRNA vaccine.

The vaccine was evaluated preclinically in mice and showed HIV-specific immunogenicity after
immunization (11). Mice were injected with approximately 3 mg of total mRNA/kg bodyweight,
while participants of the phase Il clinical trial were vaccinated with 13 pg of total mRNA/kg
bodyweight. The high dosage in mice may have compensated the poor expression of the vac-
cine. Of note, safety and moderate immunogenicity of direct injection of naked mRNA have been
demonstrated in previous HIV clinical trials, with other immunogens, using dosages which are
comparable to the dosage used in humans in the iHIVARNA trial (22-24).

The study safety was not compromised, as is reflected by a similar distribution of (S)AEs between
study groups. In particular, we observed no individual unforeseen AEs for the HTI-TriMix group
during post hoc analysis. Additionally, pVL increased and, concomitantly, CD4 T cell counts de-
clined as expected during a treatment interruption (25). From the reservoir studies, we observed
that the reservoir was approaching baseline values, as observed in previous studies (26) . Even
though, in a recent overview of prophylactic and therapeutic DNA and mRNA vaccine studies, it
was shown that in some studies, up to 78% of vaccinated subjects experienced adverse events,
amongst which 10% were of grade 3. None of the discussed trials that involved mRNA have
reached phase 3 research stages yet (27). Follow-up was given to the notification of the errone-
ous study product following good clinical practice guidelines, amongst which were notification of
participants, competent authorities and institutional review boards.

As recently published, there is consensus that ART interruption is the designated (28-30) and

feasible (26, 31) method to study the effects of a therapeutic intervention (i.e., vaccination) on
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HIV-1 RNA viral load and reservoir. Currently, no other validated biomarkers are available to study
the efficacy of such interventions. This was also detailed in a recent study on virological outcome
measures during ART interruption (32). Some subjects reinitiated ART prior to protocol specifica-
tions (i.e., before W18), on decision of the treating physician. It was allowed per protocol for
ethical reasons and to prevent avoidable harm to the subjects. However, it was thus not possible
to analyze the levels of plasma HIV-1 RNA at a later stage during ART interruption and to compare
them to individuals’ pre-ART levels.

Increases in T cell responses were observed after treatment interruption (to both ‘IN’ and ‘OUT’
peptides), probably due to the rebounding virus antigenemia, stimulating the immune system.
TriMix may have added to this effect, as we have observed both an earlier and higher increase
in immune responses in the TriMix-containing arms versus the WFI arm. This would support
the moderate immune responses observed at higher doses in the phase | trial (10, 12). It is not
formally studied whether the poor T cell responses to ‘IN’ peptides reflect the result of a lack or
low expression of HTI due to the erroneous study product. An additional effect may have come
from the presence of RNA molecules in the HTI-TriMix and TriMix control, which nonspecifically
stimulates the immune system through triggering of toll-like receptors (33).

Prematurely halting the trial for futility was based on the comparison of ‘IN’ responses from
baseline to week 6 using an IFN-y ELISpot assay during the double-blinded phase of the study.
Additional immune assays later confirmed these findings: a CD8+ T cell mediated viral suppressive
capacity assay (30) did not show significant changes from baseline, as seen in Supplementary data
5. The poor results kept us from appending the ELISpot with an intracellular cytokine staining, to
discriminate CD4 T versus CD8 T cell responses as per protocol.

Still, the combination of subdominant, protective CTL regions, such HTI or other strategies, such
as mosaic CTL vaccines aiming at more HIV-1 clades, is supported by several studies (34-36).

The erroneous study product made it impossible to draw conclusions on the induction of cellular
immune responses against the HTI immunogen. This does not exclude the utility of targeting
the more protective regions of the HIV-1 proteome, as more efficient immune responses were
observed (37, 38). In vitro and in vivo TriMix studies demonstrated that DCs were more potent
and immunogenic than unmodified DC (11, 39, 40). Previous studies in HIV-1 viremic progres-
sors showed that levels of CD40L were significantly decreased compared to elite controllers
and healthy controls (41). New insights regarding immune checkpoints might provide auxiliary
responses, for instance, the ex-vivo and in-vitro blockade of PD-1, a major regulatory factor for T
cell exhaustion in HIV infection, could provide a stronger immune response against the peptides
covered in HTI (42). Last, a recent study has shown distinct differences in subsets of CD4 T cells
in those on ART compared to elite controllers and progressors. This might provide other targets
for immune therapy and a changed approach to selectively interpret the effects of therapeutic
vaccines in future (43).

In conclusion, the HTI-TriMix vaccine was safe and well tolerated. Future studies testing the cor-

rect HTI or other conserved HIV immunogens are still warranted and might eventually include
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additional targets to further enhance the antigen presentation process. An interim analysis for
futility and careful participants’ monitoring proved to be of importance to ensure maximal par-

ticipant safety in our study.

Supplementary Materials

The following are available online at https://www.mdpi.com/2076-393X/7/4/209/s1: Supple-
mentary Data S1. inclusion- and exclusion criteria; Supplementary Data S2. statistical analysis;
Supplementary Data S3. overview of adverse events (MedDRA Version 20.0, March 1st 2017,
high level terms); Supplementary Data S4. plasma viral load and ultrasensitive plasma viral load;
Supplementary Data S5. viral inhibition assay.
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Summarizing discussion and directions for future studies

“Wonderful Indonesia” - the tagline of the campaign of the Ministry of Tourism, Republic of
Indonesia (1) — is imaginative to the enormous diversity in terms of nature, landscapes, arts
and culture that the Indonesian archipelago has to offer. Competitive pricing of flights and the
strong contributions of the Ministry of Tourism have increased the accessibility of the country. Its
continuous economic growth is also reflected in the numbers of air transport, as the Soekarno-
Hatta international airport of Jakarta finds itself in the top three busiest international and top
ten busiest domestic airports of the world (2, 3). In contrast to the suggestion of fairly welfare as
described above, the archipelago struggles with reformations of the healthcare system (4). For
this reason, middle to long term plans of the government focus on health-care development.
This, amongst other measures that are not within the scope of this work, will without doubt
result in improved understanding and control of infectious diseases in Indonesia. As infectious
diseases do not restrict to international borders, our findings might be relevant for all working in
the field of public health, infectious diseases and government / policy. The views presented in this
summarizing discussion are either based on our research findings, available data and personal

views / interest — which were gratefully acquired during a number of visits to Surabaya, Indonesia.

OVERVIEW

After the introduction, we “set the problem” in Part I. We delineate relevant virus infections for
the country (Chapter 1.2). We then discuss findings from a two year cohort of central nervous
system (CNS) infections cases (Chapter 1.3). We included a chapter (Chapter 1.4) on a diphtheria
case, as upcoming vaccine preventable disease, that might become of international relevance.
In Part Il we explore clinical challenges by bridging international knowledge. Our study on point-
of-care testing in dengue infected patients (Chapter I1.5) aims to better understand the role of
thrombocytes in dengue in those in seek of hospital care. Next, over recent years, the number of
non-communicable diseases (NCD) in Indonesia has increased drastically, and thus the number of
patients in seek of care is rising. Examples for treatment include immune suppressive therapy to
prevent organ rejection in case of a renal transplantation or cytostatic drugs that induce immune
suppression in cancer. In this regard, Chapter II1.6 studies the impaired awareness and challenges
in infection prevention in the immune compromised patient from the perspective of a Western
country. The findings are further explored for yellow fever, which has a potential to emerge in In-
donesia—in Chapter I1.7. Part lll of this work focuses on clinical studies in HIV infected individuals.
First, in Chapter I11.8 we summarize studies on HIV in Indonesia, identify gaps in knowledge and
we explore potential goals in research. Chapters I11.9 and 111.10 are the results of our collaborative
efforts to study alternative approaches that aim for durable HIV control in human. We present the
results of the studies of the iHIVARNA consortium, which studied a therapeutic mRNA HTI-TriMix

vaccine.
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SETTING THE PROBLEM

An adequate overview of endemic and emerging viruses is needed

A thorough review of available literature, a summary of ProMED-mail data and a review of
governmental reports on acute virus infections available until May 2016 is presented in Chapter
1.2. Numerous viruses are either endemic, emerging or have a potential to emerge in Indonesia.
The trends observed in availability of literature and ProMED-mail data, are a representation of
overall governmental and research resources to study virus infections. Clear peaks were observed
in ProMED-mail reports, for instance for chikungunya in 2010, rabies in 2011-2012 and avian
influenza in 2006-2009. For a number of viruses, such as dengue, governmental surveillance was
already implemented following the first case description. The peaks observed, however, were
possibly subjected to re-active surveillance of infectious diseases (e.g. in case of an expected
outbreak or following and outbreak), rather than thorough proactive surveillance (i.e. continu-
ous surveillance, that is continuously conducted and is not dependent of any special interest or
outbreak). The more recent governmental reports now include background information on the
infectious diseases that are discussed and are subjected to routine surveillance, though infor-
mation on collection and classification of cases is lacking (5). More accurate knowledge on the
impact of infectious diseases would be possible if classifications such as “possible, probable or
definite” are always included. This would also identify gaps in countrywide availability and ac-
curacy of diagnostic assays, as are introduced in Chapter 1. Clinical studies using patient samples
are of continued importance, mainly for their identification of new and known viruses (or other
infectious pathogens) and second for validation of diagnostic assays. Overall sero-surveillance,
which is discussed later, would provide knowledge on the impact of emerging viruses by detecting
seroconversion in an otherwise healthy population. This all is relevant for the interpretation of
the context from the reports that originate from an extensive diversity of hospitals and healthcare
facilities, located in both well and less accessible areas of the country.

Another challenge are the clinical overlapping signs and symptoms for hemorrhagic fevers (i.e.
dengue, Ebola, Hantavirus), which are therefore easily misclassified if not adequately studied us-
ing additional laboratory assays. For example, this is the case for Hantavirus infections, as clinical
signs overlap for instance with leptospirosis, these are not yet routinely reported in governmen-
tal reports. Recent data shows that in up to 13% of humans IgG antibodies against Hantavirus
was detected for a mixed group of acute cases and sero-surveillance, and sero-prevalence in
rodents was up to 34% (6, 7). Import cases to Europe were also described recently (8). For Zika
virus — which could clinically present with symptoms similar to dengue, a recent study shows a
9.1% seropositive rate against Zika in 662 human samples taken from 30 urban sites (9). Others
however pretend that there would be no Zika around in 2016, though scientific quality seems
poor (10), especially given the rapid decline of IgM/IgG antibodies in Zika (11). Apparently, there
is other scientific interest in the topic as well, given a numerous number of studies that looked

into pregenancy-related issues for Zika or eventual vaccine acceptance (12-14) in the country.
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The status of Zika-associated microcephaly, of which scientific evidence became apparent (15),
might currently be lacking in Indonesia due to impaired surveillance. In addition, recent disease
outbreaks have underlined the necessity to improve surveillance. This may be best illustrated
by the outbreaks of chikungunya and avian influenza. Harapan and colleagues have reviewed
recent data on chikungunya and found that not only thorough epidemiological data was lacking,
but their studies also added to the understanding of re-emergence of chikungunya already in
2001 (16). Adequate policy making is hampered by impaired interpretation and differentiation of
overlapping signs, symptoms and diseases.

Diagnostic laboratory assays play a limited role in daily patient care

We have conducted two prospective cohort studies in the RSUD Dr. Soetomo hospital in Surabaya,

a teaching hospital in the East-Java region. The results of one study, on CNS infections, conducted

on a Neurology ward, are available from Chapter 1.3. In this study we report the availability of

lumbar punctures in 47% of the cases and a mortality of 40%. Based on our data and following

guidelines for management of CNS infections (17), the number of lumbar punctures should have

targeted 100% in this cohort. From our experience during the collaboration, as is also discussed in

Chapter 1.3, and from a literature review the following factors seem causative to this low number

of available data:

e Patient or family refusal of (additional) blood draw or lumbar puncture (unpublished data,
(18))

e Physicians knowledge and skills (18)

e Limited interplay between a consulting clinical microbiologist and the treating physician

e Limited availability of diagnostic assays, for multifactorial reasons of limited financial support
and strict governance. This includes insurance coverage, the need to prioritize assignment of

available budget and logistical challenges to re-stock supplies.

The currently limited diagnostic yield in the study of Chapter 1.3 is worrisome, as current clinical
decision making is mainly based on clinical syndromes or scattered epidemiological data. From
the previous paragraph (An adequate overview...) it is suggested that such data is “the best
there is”, which currently seems to hamper sufficient understanding of infectious diseases, with
possible preventable Disability Adjusted Life Years (DALYs) as result. A possible approach is in
part discussed in Chapter 1.3. Using a minimal set of routinely available assays, clinicians could
differentiate between diseases that benefit from prompt and adequate treatment. Such assays
are preferably not subjected to financial barriers such as insurance or reimbursement and should
be made available in-hospital. Testing is preferably done using molecular techniques that target
a specific pathogen or virus. In this regard, this approach might well be superseded by novel and
more integrative approaches, such as syndrome based multiplex (19) or rapid antigen detection
techniques. Also, lateral flow based immunoassays might be suited (20), or other near point of

care strategies (21) and computer aided machine learning (22). In addition, it seems important
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that a random selection of samples may be sent out for reference purposes to a central labora-
tory. In addition, international collaboration between reference laboratories is necessary to vali-
date samples. This process is possibly hindered by recent anti-bio piracy rules, that might refrain

international researchers from investing in future research collaborations in Indonesia (23).

Vaccination hesitancy could be detrimental in infectious disease control

At the time of writing, multiple countries spend a great deal in vaccination hesitancy. High
vaccination uptake and coverage are vital in the success of vaccines and vaccine preventable
diseases. The importance of such is acknowledged by the WHO, which has established an expert
group in the topics of behavioral and social drivers of vaccination uptake (24). Even though the
study of (reasons for) vaccination hesitancy in Indonesia is outside the scope of this work, in
Chapter 1.4 we present relevant data of the implication of a declining vaccination coverage for
the occurrence of diphtheria infections in Indonesia. A declining vaccination coverage for several
vaccine preventable diseases, including for instance diphtheria (25) and measles (26), puts those
unvaccinated at risk of contracting the disease. This is especially important for vulnerable risk
groups, being young children, elderly and immune compromised individuals — the latter of which
will be discussed later. In turn, a higher number of people might be in seek of medical care and
suffer from complications (27) or can potentially introduce diseases to areas which are currently
known disease free — which might include countries overseas. Such challenges in vaccination
adherence might be harmful for the availability of resources that are needed in the understanding
and management of infectious diseases. For instance, to attain sufficient uptake for vaccines that
are currently publicly, freely, available as governmental programs, funding and human resources
are needed. Together with the increased impact on medical care, this could negatively impact

governance in funding for infectious disease understanding and control.

STUDIES ON CLINICAL CHALLENGES

Alternative strategies in the clinical management of dengue virus infections

As is also discussed in Chapter 1.2, dengue is endemic in Indonesia. The virus accounts for up to
55% of febrile illness presentations to hospitals. The challenges to deal with dengue virus are
multifactorial and include prevention by means of vector control (28), human knowledge and
behavior (29), vaccination (30). Clinical management preferably includes timely and adequate
detection of dengue cases. In addition, hospital resources are needed in case patients need in
hospital follow up. In Chapter I1.5 we evaluated the clinical use of multiple-electrode aggregome-
try as tool to mark dengue disease severity using bedside thrombocyte testing. Following our
study, whole blood aggregation tests using this method could potentially aid clinical management
of dengue suspected patients — especially in outbreak situations where there is a need to early

differentiate between the patients that are in need of hospital admission or safe recovery at
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home (31). A strength of the study is the prospective design, and the results of multiple-electrode
aggregometry were not used in clinical judgement or to direct treatment for those admitted
to the hospital. The findings however need further validation, as for instance circulating geno-
types might have influenced results (32) and each study group included only a limited number
of patients. Adequate recognition and detection of dengue was deemed cumbersome, as can
also be depicted from a recently published multicenter observational cohort study performed in
Indonesia that included close to 1500 cases with suspected dengue infection. The authors sug-
gest that diagnostic accuracy needs optimization for reasons of misdiagnosis of dengue infections
and over-estimation of dengue, for instance because just over 10% of cases is misdiagnosed as
dengue by clinical sites (33). Even though the number of severe dengue cases is relatively low,
which includes low risk of severe dengue for travelers (34) — still the number of patients in seek
of hospital care is high. In order to make optimal use of hospital resources — i.e. bed capacity;

accurate and rapidly available diagnostics need to be established cost-effective.

Protect vulnerable individuals from future infections

As is introduced in Chapter 1, the number of NCDs is increasing drastically in Indonesia. Advances
have been made over the past years, for instance in setting up and evaluating of kidney transplants
for end-stage renal disease (ESRD) — which disease is closely related to (end-stage) hypertension
and diabetes. Kidney transplants are being performed in Indonesia starting late 1970s, but the
number of annual transplantations has varied greatly, for instance due to governance issues. Over
the past years minimal invasive surgery, extension of age groups and appointment of government
hospitals has resulted in a steady increase in transplantations (35, 36). The first heart transplanta-
tion will soon be performed in a governmental hospital (no reference available). Such interven-
tions will increase the number of immune compromised patients, as organ rejection needs to be
prevented using immune suppressive agents. Similar trends and opportunities are seen in the
treatment of auto-immune diseases or cancer —and in this regard, current state of treatment pos-
sibilities still has to combat to the services level of Western countries. The immune compromised
are more vulnerable for infectious diseases, due to a diminished functionality of the immune
system. This includes several viral infections (37). In Chapter 1.6 we performed an integrative
study of the opinion of healthcare provides that are closely involved in the care of this group
of patients. Forward-looking to the currently ongoing advances in the Indonesian healthcare
system, this study was conducted in the Netherlands, as example of a modern Western hospital
with extensive treatment options. Interestingly, here, healthcare professionals self-reported a
suboptimal knowledge about prevention of infections in immune compromised patients (score 7
on a 1-10 scale). The majority however agreed that they themselves are responsible for adequate
measures to prevent their patients from infections that potentially could be avoided. It is sug-
gested to integrate a method of education for immune compromised patients, in order to reduce
the number and severity of infections. In addition, investments in increasing vaccine uptake and

alleviating barriers to vaccinate was deemed important. Such knowledge can be used to the
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advantage for the Indonesia healthcare providers and optimize preventive care. In this regard,
we are in the process of setting up a similar study in hospitals in Jakarta and Surabaya — to study

the current status quo.

Yellow fever is a flavivirus with a potential to emerge

As discussed previously, the abundance of flaviviruses around in the Indonesian archipelago —in
part due to the suitable breeding circumstances for Aedes spp. mosquitos that vector a num-
ber of flavivirus infections to human, poses challenges due to clinically overlapping symptoms,
detection an clinical management. In this regard, yellow fever virus was never described before
in Indonesia, while this virus is commonly seen and vaccinated for in other countries situated
around the equator. Recent studies have provided evidence that Indonesia might become a pos-
sible new infection risk zone for yellow fever, and is primarily at risk for a small urban outbreak
caused by an imported case (38). In this line, prominent authors, working in the field of arbovirus
research have recently expressed their concerns with regards to the continuous expansion of
arbovirus infections, which they illustrate by the recent Zika outbreak. It is suggested for instance
to target vaccine development for arboviruses, following the successes of the yellow fever vac-
cine (39). A rising number of travel movements and increasing number of immune compromised
patients becomes even more important in this case than ever before. In Chapter 11.7 we piloted
the effectiveness of the live attenuated yellow fever vaccine in immune compromised patients.
The study is based on the discrepancy of immune compromised patients that cannot be safely
vaccinated against yellow fever whilst they might be traveling to yellow fever endemic areas.
They are at risk to contract yellow fever, resulting in a viremia and as such could potentially
introduce the virus into populated areas with a high mosquito density, and where the majority
of inhabitants have little to no immunity against yellow fever (40) - i.e. Indonesia. We were able
to show virus neutralizing antibodies in these immune compromised patients, though larger
studies would be needed to estimate the correlates of protection — as this data currently only
is available from mostly healthy individuals (41), though recent WHO guidelines (40) are based
on multiple studies detailing long-time protection even after receiving small doses of yellow
fever vaccine. The worldwide availability of a relative safe and effective yellow fever vaccine has
probably limited development of approaches that are more suited for immune compromised
patients — for instance the study of inactivated (42) or DNA vaccines (43) against yellow fever.
As discussed earlier, multiplex approaches might be used to differentially diagnose between the
number of flaviviruses around. Future studies should therefore direct to setting up and evaluating
diagnostic assays from both a pro-active and reactive sero-surveillance point-of-view. Flaviviruses
should be studied and diagnostics should be validated in Indonesia, using samples obtained in
Indonesia, as these samples display a pattern of previous flavivirus exposure that is unique for
Indonesia. Assays with a high sensitivity and specificity for the detection of acute yellow fever are
needed to timely detect an imported case of yellow fever using approaches as described earlier

in this discussion. In addition, as current sero-surveillance for yellow fever is lacking in Indonesia,
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the validation and implementation of serological assays able to detect multiple (cross-reactive)

flaviviruses could alleviate uncertainties in current public health surveillance (44, 45).

Knowledge and behavior of the general public

Part of the visits to conduct the studies described in this work were combined with the senior
high school project Viruskenner (46). In the multinational Viruskenner project, students gained
knowledge on several viruses. The aim is to study viruses and come up with innovative ideas to
spread knowledge in order to prevent future infections. The Viruskenner project is an example of
community engagement in changing human knowledge and behavior to prevent virus infections.
Such projects and tailored approaches for individuals are of increasing importance in the preven-
tion of infections — especially in the light of a sharp increase in incidence of arbovirus infections
(39) and HIV (47). Even though such studies are beyond the scope of this work, the history of
Indonesia being a postcolonial country and a varying citizenship around the country (48, 49),
make that such approaches should be carefully governed to sufficiently empower local citizens.
In this regard, a framework to conduct citizen science — that is conduct science with help of the
general public - could find its way to (areas of) Indonesia in the coming years (50). The strength
of this approach for Indonesia was for instance recently demonstrated in studies on long-term

ecosystem changes (51).

STUDIES ON CHRONICALLY HIV-INFECTED INDIVIDUALS

The current landscape of HIV research in Indonesia

In Chapter 111.8 we studied the current status and opportunities in HIV research in Indonesia. HIV
was studied from the perspective of several scientific disciplines and interest, from its first ap-
pearance in Indonesia. The studies conducted have mainly targeted several risk groups of HIV (i.e.
men having sex with men, prisoners, i.v. drug users, sex workers) and have primarily focused on
attitude, knowledge and behavior. Interestingly, only sparse studies have covered knowledge and
behavior of the general public. In addition, testing strategies and willingness to test for HIV (or
other sexually transmitted diseases) were studied in risk groups alone. Some of these risk groups
play a major in the contributing role in the spread of HIV to the “general” public. For instance,
married men may engage in unprotected sex cross the borders of their marriage, and as such
become infected with HIV. In doing so, they then can infect their partner within marriage (52).
This chapter serves as introduction to the studies from Chapter I11.9 and 111.10. We have identified
that it is mainly prospective studies that seem to be lacking in research in the Indonesian HIV
research. In this regard, studies that focus on test- and treatment opportunities (53) seem most
in place, as stocking and distributing ART are a daily need and not all HIV infected individuals

adequately control their HIV infection — either due to unawareness of their HIV status or for
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troubles to maintain therapy adherence. The latter for which the reasons are extremely diverse

and will not be discussed here.

iHIVARNA clinical studies using a mRNA vaccine as a promising strategy

In both Chapter 1.9 and 111.10, the burden of ART and its associated costs were introduced.
This drives the search for alternative and more durable strategies, with a same outcome — that
is, effective HIV control in infected individuals and prevention of new HIV infections. Within the
iHIVARNA consortium, we studied the HIVACAT T cell Immunogen (HTI), a rationally designed
mMRNA sequence of HIV epitopes that are conserved and predominantly recognized in those with
spontaneous low HIV viral loads and were selected for high cytotoxic T cell functional avidity and
cross-reactivity (54). TriMix served as adjuvant to further enhance and mount a more durable
antigen presenting cells function (i.e. using a constitutively active form of Toll-like receptor 4
(caTLR4), ligand for CD40 (CD40L) and CD70). The HTI-TriMix vaccine was administered to HIV-1
infected individuals using ART. These studies would not have been possible without funding from
the European Union and with the expertise of the consortium members. A well designed col-
laborative study protocol (explained in more detail in Chapter 111.9) made it possible to not only
perform an integrative study around this study product, but also include intranodal vaccination
—as relatively new approach to more directly target cells of the immune system and to circumvent
a laborious ex-vivo approach. Overall experience with such procedure was good, as it is a relative
easy procedure to be performed by a trained radiologist. We observed no major or unexpected
adverse events around the procedure — other than those already known for intramuscular or sub-
cutaneous vaccination. Our experience might also add to understanding the safety around lymph
node biopsies in HIV infected individuals, as this becomes increasingly relevant in HIV research
(55). As discussed in Chapter 111.10, the study product contained an unexpected error, in that
an unintended extra start codon was introduced in the HTlI immunogen coding sequence. While
further investigations were not done on this study product, mRNA vaccines still represent a prom-
ising alternative to conventional approaches — in particular for infectious diseases and oncology.
mRNA vaccines were first studied in-vivo already two decades ago. Research was then diverted to
other approaches, mainly for reasons of mRNA instability and inefficient in-vivo delivery. Recent
“tweaks” to mRNA and establishment of a variety of mRNA vaccine platforms have however ren-
dered synthetic (m)RNA more “stable, deliverable and immunogenic” than before, but there are
still challenges to overcome for bridging basic research (i.e. understanding biochemistry and cel-
lular processes) to preclinical (i.e. mouse-experiments) and human work (i.e. daily use of mRNA
vaccines) (56). Currently, only limited human studies have entered phase 3 stage research (57).
As is discussed in Chapter I11.10, we have observed a more rapid off-set and higher increases of
HIV-specific cellular immune responses in the TriMix-containing arms — although these responses
were limited, they most likely represent an effect of the TriMix adjuvant on immune activation, as

this was not observed in the water for injection (placebo) arms alone.
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Translate experience of iHIVARNA studies to Indonesia

From the iHIVARNA consortium it has become apparent that, even though well and rationally
designed, a minor error could have a serious impact on the available resources within a team of
researchers. Trial registration, reporting, data sharing and auditing has become more important
than it was before. Similarly, good clinical and laboratory practice guidelines and a European
Union general data protection act do further secure and tighten up the research opportunities.
In addition, scientific journals favor open access publishing and data sharing, sometimes even
prior to a completed peer-review process. In contrast, Dutch universities seem to have set low
priorities in reporting clinical trials to the authorities, i.e. European Union (EudraCT), as currently
only a few studies are reported after completion (58). So, it seems that there is either less urgency
or availability of funding to invest in support staff, legal department and a contract research
organization. As has become clear from Chapter I11.8, Indonesia has clear research opportunities
for HIV research, that are mainly focused to test and treat of HIV. In addition, more durable HIV
control would for instance put less stress on the physical barriers to reach patients from HIV treat-
ing facilities. There is however a big financial gap to bridge between funding, identification and
exploiting research opportunities, as was partially discussed before. Despite the former, citizen
science and relative low labor costs, compared to Western countries, might put Indonesia in a
position easily ahead in advanced medical research — for instance with phase 3 clinical trials that

need extensive follow-ups and safety reporting.

CONCLUDING REMARKS

In this work, “Endemic and Emerging Infections — clinical challenges and opportunities in Indo-
nesia”, we have studied parts of the current situation, clinical challenges and opportunities for
human (virus) infections in Indonesia. This work is based on literature review and governmental
reports for virus infections, original work and case series from healthcare settings in Indonesia
and Europe. In the summarizing discussion we have bridged the research perspectives and op-
portunities to the Indonesian situation. By no means is this work suggested to be exhaustive, it
merely is a reflection of a possible approach integrating trends, scientific data and a personal
experience. Opportunities for scientific research to human infectious diseases seem very well
present in Indonesia. The recently introduced and ongoing reformation of the healthcare system
will for sure need to compel adequate governance to assign available budgets and resources in
healthcare, research and education. Overall, there is a need to acquire an optimized oversight
of endemic and emerging infections in the country, for instance by optimizing sero-surveillance
and setting-up a more comprehensive notification of diseases. Hospitals need far-reaching sup-
port in setting up and validating diagnostic assays for infectious diseases in way that such tools
are accepted for all participating parties — including government, infectious diseases specialist

and medical microbiologists. Prevention, identification and optimizing treatment is in place for a
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number of risk groups. These risk groups include, but are not limited to those that are at risk for a
dengue infection, become immune compromised or become HIV-infected. Each of these aspects
represent extremely interesting future research possibilities that, if fully utilized, will certainly

direct Indonesia forward to become a major party in quality of healthcare and medical research.
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ABSTRACT

Being the largest archipelago country in the world, with a tropical climate and a unique flora
and fauna, Indonesia habitats one of the most diverse biome in the world. These characteristics
make Indonesia a popular travel destination, with tourism numbers increasing yearly. These
characteristics also facilitate the transmission of zoonosis and provide ideal living and breading
circumstances for arthropods, known vectors for viral diseases. A review of the past ten years
of literature, reports of the Ministry of Health, Republic of Indonesia and ProMED-mail shows
a significant increase in dengue infection incidence. Furthermore, chikungunya, Japanese en-
cephalitis and rabies are proven to be endemic in Indonesia. The combination of cohort studies,
governmental data and ProMED-mail reveals an integrated overview for those working in travel
medicine and public health, focusing on both endemic and emerging acute virus infections. This
review summarizes the epidemiology of acute virus infections in Indonesia, including outbreak re-
ports, as well as public health response measurements and their potential or efficacy. Knowledge
about human behavior, animal reservoirs, climate factors, environment and their role in emerging
virus infection are discussed. We aim to support public health authorities and health care policy

makers in a One Health approach.

Erasmus University Rotterdam Za.{uu.g





Endemic and emerging acute virus infections in Indonesia
INTRODUCTION

Comprising thousands of islands spread across the equator, Indonesia is the largest archipelago
country in the world with 257.5 million inhabitants (1). With a broad offer of both culture and
nature, Indonesia is a popular travel destination for travelers all over the world, with the number
of travelers going to Indonesia increasing yearly (2). Traditionally, tourists visit both Java and Bali
Island, but other islands such as Flores, Lombok, Sumatra and Sulawesi gain popularity, most likely
due to effective advertisement of the islands. However, its tropical climate and subsequent relative
high humidity are both favorable conditions for vector-borne disease transmission. In addition,
Indonesia yields a large and growing population of notorious reservoirs of zoonotic infections like
poultry, rodents, wild birds, dogs, pigs and monkeys (3-7).

This constant tread of infection and potential local outbreaks or even pandemics compromise
both the people living in Indonesia as well as travelers visiting the archipelago. Infectious diseases
remain one of the leading causes of morbidity and mortality worldwide, especially in countries
with a (sub)tropical climate (8). Its burden is a result of a constant ground of established infec-
tions in the past period, combined with epidemics of emerging infectious diseases (EID) (9). An
EID is characterized as an infectious disease that appeared and affected a population for the first
time, or existed before but increased rapidly in case numbers or geographical spread. They often
have the characteristic to easily spread over large areas, infecting people and/or animals with
potential significant morbidity and mortality (10).

In the past decade, outbreaks of multiple emerging infectious virus diseases (EIVD) have been re-
ported in Indonesia. Especially of note were those of avian influenza, dengue, chikungunya and rabies
(4, 11-13). As a result, the Indonesian government has put much effort in trying to control many of
these diseases, for instance by implementing surveillance and vector control programs, or in the case
of rabies culling campaigns. This resulted in data of specific interest for those working with infectious
disease patients in Indonesia, public health or those working in travel medicine outside of Indonesia.
Data from local outbreak reports and from published epidemiological studies give a unique insight
in how to optimize EIVD prevention in Indonesia. This data potentially can be used to support public
health authorities and health care policy makers.

EI(V)D outbreaks are hard to predict since they are the result of a complex interaction between host,
vector, pathogen and environment. Furthermore, infections in humans often happen unnoticed, such
as via contaminated foods, mosquito bites or inhalation of virus containing aerosols. From the One
Health concept we know that 6 out of every 10 infectious diseases in humans are spread from ani-
mals (14). An optimal insight in this interaction is crucial for executing adequate preventive methods,
moreover since no treatment is available for the majority of acute EIVDs. A current overview of EIVDS
in Indonesia for (international) clinicians and healthcare authorities does not seem to be available. Fur-
thermore, we observed that authorities from other countries advising their inhabitants for pre-travel
vaccinations and precautions could not adequately assess their advices since insight in local literature

and governmental data for this region is lacking (Table 1).
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We therefore have reviewed acute (E)IVD outbreaks in Indonesia in the past decade, using pub-
lished cohort data, ministry of health reports and reports from ProMED-mail; the online Program
for Monitoring Emerging Diseases. ProMED-mail is open to all sources; it includes a variety of
reports ranging from local media to science. Data should be interpreted with care, as reports
are susceptible for information bias. Viral diseases able to unnoticeably transmit from vector to
human or inter human are discussed as well. Table 2 summarizes the discussed viruses, incidence,
transmission route, incubation period, symptomatology, protective actions and diagnostic meth-

ods.

Table 1. Vaccine preventable diseases as recommendation from the Ministry of Health Republic of Indonesia,
Centers for Disease Control and Prevention, Dutch, Swiss, Singapore’s and Australian perspective

Virus/Authority MoH-RI (1) CDC (2) LCR (3) Swiss TPH (4) MoH-SG (5) Australian Government (6)
Hepatitis A No All travellers All travellers All travellers  All travellers All travellers

Hepatitis B Yes Tailored Tailored *,** Tailored *,*** Tailored Tailored (not specified)
Japanese Encephalitis No Tailored *  Tailored ¥+  Tailored t1,#t1 Tailored t  Tailored (not specified)
Measles Yes All travellers All travellers All travellers  All travellers All travellers

Rabies Tailored §§ Tailored §  Tailored §§ Tailored §§§  Tailored §  Tailored §
Footnotes

1) Ministry of Health, Republic of Indonesia, retrieved from: http://www.depkes.go.id

2) Center for Diseases Control and Prevention, Department of Health and Human Service, United States of
America, retrieved from http://wwwnc.cdc.gov/travel/destinations/traveler/none/indonesia

3) Landelijk Codrdinatiecentrum Reizigersadvisering (National Coordinationcentre for Traveladvise), the
Netherlands, retrieved from https://www.mijnlcr.nl (professionals), http://www.lcr.nl (layman)

4) Swiss Tropical and Public Health Institute, Switzerland, retrieved from http://www.safetravel.ch (avail-
able in French and German only). Supplemented with data from Bundesambat fur Gesundheit BAG,
retrieved from http://www.bag.admin.ch/ekif/04423/04428/ (available in German only)

5)  Ministry of Health, Republic of Singapore, retrieved from https://www.moh.gov.sg/ and https://www.
healthhub.sg/ The latter refers to CDC (2) for vaccine advice

6)  Australian Government, Department of Foreign Affairs and Trade, retrieved from http://smartraveller.
gov.au/ No comprehensive travel immunization scheme could be found.

* For those having close contact with inhabitants, long-term stay or recreational activities with risk of
injury (contaminated blood, non-sterile medical material)

**  Implemented in national vaccination program since 2011 for all babies (ever since 1989 for specific
populations such as newborns with a hepatitis B carrier mother)

***  Implemented in national vaccination program for all adolescents 11-15 years of age (vaccine status is
checked at 25-29 years of age)

t For those spending = 1 month in endemic areas during transmission season (including 1) long-term
travelers, recurrent travelers, expatriates likely to visit rural/agriculture arease, 2) extensive outdoor
(e.g. camping, farming), 3) staying in accomodation without air conditioning, screens or bed nets

Tt For those spending > 1 month on rural endemic area in close contact with ricefields and pig population.

T+t  During rainy season only

§ For those involved in outdoor activities, working with or around animals, taking long trips/moving into
Indonesia, children

§§  For those with frequent and/or possible unnoticed exposure to domestic or wild mammals

§8§ For those with risk of high exposure (hikers, cyclists, cave explorers, zoologists) and those spending
more than 3 months in country
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Endemic and emerging acute virus infections in Indonesia
METHODS

Based on manuscripts studying the epidemiology of virus infections in South East Asia and ProMED-
mail reports, hepatitis A, West Nile virus, Japanese encephalitis, dengue, chikungunya, measles,
rabies, hantavirus, avian influenza and seasonal influenza were considered to be predominantly
associated with acute human viral disease in SEA region (15, 16). Since more recently, diseases
such as Zika, hepatitis E and MERS-CoV (re-)emerged in the South-East Asia region; these were
taken into consideration as well. We conducted a search of the literature for research performed
in Indonesia and to human cases with a history of recent travel to Indonesia using the PubMed
(including MesH) and Embase databases from May 12" to 19", 2016. Search strategy is available
as supplementary data (Supplementary data 1). Two authors independently selected articles
written in English and Bahasa Indonesia by first reading title/abstract from human and animal/
vector studies published from 2006 until May 2016. We checked reference lists for references to
relevant first published data (i.e. first virus detection or clusters of cases) and we extracted data
when available. Scientific literature about selected human research is available as supplementary
data (Supplementary data 2). Figure 1 represents a map of Indonesia with a visual overview of the
locations where the discussed cohort studies were conducted. We accessed Ministry of Health,
Republic of Indonesia (MoH-RI) and World Health Organization (WHO) information at May 12,
2016. MoH-RI reports for 2006-2015 were available for retrieval. Where applicable, WHO reports
are referred to in text. Furthermore, ProMED-mail was searched for reports from Indonesia at Oct
21%,2016. ProMED-mail together with MoH-RI data is visually presented in Figure 2 to give insight
in the trends in reporting for some EIVDs of interest and is also available as supplementary data

(Supplementary data 2).

Dengue virus (DENV)

Dengue virus (DENV) is a Flavivirus (genus including yellow fever and Zika virus) belonging to the
family of Flaviviridae. DENV infection is a mosquito borne infection caused by one of the four
DENV serotypes (DENV 1 to 4) and is primarily transmitted to humans by the Aedes mosquito.
DENV has a worldwide distribution, is geographically concentrated around the equator and is
endemic in Southeast Asia. The estimated number of infections worldwide is 50-100 million, with
estimated 500.000 people requiring hospitalization each year. The incubation period is 5-8 days.
Severe DENV could potentially lead to hemorrhagic shock and organ failure. Most of the symp-
toms become manifest around the time of defervescence. Treatment is supportive and mainly
directed to maintenance of the body fluid volume. Safe and effective DENV vaccines are under
development in several stages of research (17-22). Currently, Dengvaxia ® (a tetravalent, live at-
tenuated, chimeric dengue vaccine in a yellow fever 17D backbone developed by Sanofi Pasteur)
is registered for use in individuals 9-45 years of age living in endemic areas (23). However, current

data does not support implementation in the Indonesian vaccination program.
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Figure 1. Map of Indonesia with location overview of the discussed cohort studies
Map of Indonesia with location overview of the discussed cohort studies conducted or reported from 2006
until May 2016 - not including case reports and/or export cases.

The nationwide DENV surveillance program started in 1968. Besides increasing DENV incidence
numbers, surveillance showed an annual increase of dengue hemorrhagic fever (DHF), classified
as DHF according to former classifications with at least two of four clinical manifestations (fever,
hemorrhagic manifestations/positive tourniquet test, hepatomegaly and circulatory failure com-
bined with thrombocytopenia) from 0.05/100000 to about 35-40/100000 in 2013. DHF incidence
increased significantly in people aged 15 or above (11).

DENV import cases from Indonesia were reported in literature (24). For instance, in Norway 2
DENV infections were reported from 2008-2010 (25). Furthermore, in Italy (2010) an import
case was reported with viremia lasting for several days. The authors stress out the importance of
performing diagnostics and the potential for a local outbreak, since Aedes mosquitos are present
in Italy (and other parts of Europe) (26).

There is data available suggesting a succeeding episode of DENV infection may lead to detrimen-
tal clinical disease, the so-called antibody depended enhancement theory. However, virulence
seems mainly determined by difference in genotypes and increased virulence (17). Multiple
studies report the continuous change of DENV serotypes and their lineages. Both clustering of
lineages and subtypes during outbreaks (e.g. lineage 4 of DENV-2 between December 2011 and
March 2012 (27-29)) as well as the concurrent presence of all four DENV genotypes is reported
in Indonesia (29, 30).
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Clinical studies on the epidemiology of febrile iliness in Indonesian cohorts report various rates
of molecular, antigenic or serological evidence for DENV. Overall, for both urban and rural areas,
DENV is detected in 12-55% of all tested febrile cases; this includes all four DENV genotypes. With
a follow up period up to seven years in specific reports (31-34).

The MoH-RI national control program in the DENV epidemic includes surveillance of mosquito
larvae in households and eradication of mosquito breeding spots, as a community-based program
(35). The importance of such interventions is emphasized by several studies: Stahl et al. showed
that indirect costs take up to 44% of the total costs (est. 2,979,902 USS$) per DENV outbreak (36).
Tourism and labor flow contributes to DENV incidence, as is shown in field research studies in
Bali — one of the most popular islands as tourism destination. It is suggested to reduce vector
populations and spread knowledge of vector transmittable diseases, though in this study no ef-
fect measurements are done (37).

To add up, multiple manuscripts suggest adjusting for underreporting DENV cases during an epi-
demic and to analyze current available data from cohort studies or MoH-RI with expansion factors
(38, 39). Possible resistance to larvicides such as temephos (40), understanding the mosquito
population (41) and the ability to predict the number of DENV cases in advance (42, 43) all could

play an important role in further understanding of DENV outbreaks.

West Nile virus (WNV)

West Nile virus (WNV), an arthropod borne Flavivirus, is a zoonotic infection mainly of birds and
horses. Birds serve as reservoir and transmission occurs via mosquitoes. WNV is found in West
Asia, as well as Africa, Europe, Middle East and North America (44). Mammals are considered
dead end hosts that do not contribute to the epidemic spread of the pathogen (45). The average
incubation period lasts 2-14 days. Of humans infected, 20% will experience a mild, non-specific
disease presentation including high fever, headache, myalgia, sometimes with rash and lymph-
adenopathy; <1% will develop severe neurological symptoms (46).

In Indonesia the data regarding WNV epidemiology is scarce. WNV was isolated from a 15-year-
old patient with fever in 2004. Phylogenetic analysis showed a relation with WNV strains isolated
in Africa (47). Only limited reports of WNV in humans in Indonesia are available. For instance
based on the work of Nasronudin and Wicaksono et al. there is a suggestion of WNV infection
in human in Indonesia (48, 49). However, these studies offer a low level of evidence since they
used a sub-optimal methodology and confirmation by a third party lab was not performed. No
surveillance program exists for WNV and no entries exist on ProMED-mail, thus only current case

studies suggest potential circulation of WNV in Indonesia.

Japanese Encephalitis (JEV)

Japanese encephalitis virus (JEV) is an arthropod borne Flavivirus. It is the leading cause of en-
cephalitis in most of South-East Asia and Western Pacific regions, where 24 countries are known

to have endemic JEV transmission (50). The incubation period of JEV is 6-16 days. The majority
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of cases are non-specific or asymptomatic; only less than 1% of the individuals develop clinical
symptoms such as fever, headache, altered mental state and convulsions. When encephalitis
occurs, mortality rises from 30% to 40-50 % in comatose patients. JEV is known for long-term
neuropsychological sequelae in 30-50% of those who recover from intensive care support. Vac-
cination is considered the single and most important control measure for JEV (51, 52).

The first manuscript describing JEV in humans in Indonesia dates from 1974 (53). From then,
a number of cases were reported in the 80-90s in both returning travelers (54-56) as well in
Indonesian inhabitants (57). Early research to JEV was done on the reservoir (pigs) (58), vector
(detected in both Culex and Anophales species)(58-60) and humans (53). Studies of Yamakana et
al. investigated JEV viremia and antibodies in 219 pigs from Bali and East Java in 2008. Of these
pigs 49% in Bali and 6% in Java had viremia and 24% of 123 pig samples tested in Bali showed
positive JEV IgM antibodies (none in the Java population) (5). In contrast to the above-mentioned,
only two human cases exist in ProMED-mail in 2011 and 2015, whereas sero-surveillance studies
from 1999-2001 on Java Island detected 2.2% JEV antibodies (titers > 1:160) involving over 2000
samples (6).

A number of clinical studies report a noteworthy incidence of JEV cases in children, of which a
significant number report subsequent neurological sequelae. A study performed between 2001
and 2003, involving all healthcare facilities on Bali island, reported an average incidence rate of
7.1 per 100,000 children aged 10 or below (61). Another study followed up 65 out of 72 cases of
laboratory confirmed JEV in children between 2001 and 2004. In this study, a total of 16 children
were deceased at the follow-up assessment (average 13 months after discharge, range 4-24
months). No less than 25% of the children had sequelae in such way, that they were dependent
in their daily functioning and only 25% of the children were considered to be fully recovered (62).
A case-control study of Liu et al. confirmed JEV in about one third of the clinically identified viral
encephalitis or aseptic meningitis in children aged 0-11 years. Multivariate analysis revealed that
pig ownership by their family, close proximity to the rice fields and older age was significantly
associated with the incidence risk of JEV in children (63). No such studies seem to have been
carried out in adults in the past decade.

Despite being discussed at World Health Organization’s meetings (64) and its relevance as pointed
out above, currently no surveillance program nor a vaccination program exist in Indonesia, even
while the latter was reported as cost-effective for a two-dose regime on Bali island (65). To our
knowledge, the MoH-RI is advancing towards implementation of a childhood vaccine for JEV; it is

however unclear what a surveillance program will look like.

Chikungunya (CHIKV)

Chikungunya virus (CHIKV) is an Alphavirus belonging to the Togaviridae family, transmitted in
Asia by mosquitos of the Aedes family (66). After an incubation period of 2-4 days (range 1-12
days) (66, 67), the majority of the infected patients become symptomatic. CHIKV is characterized

by an onset of acute febrile illness and maculopapular rash. Severe joint pain is described as main
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symptom and is present in almost all cases; arthralgia in specific cases can last up to 24 months
(67, 68). Treatment is symptomatic. The re-emergence of CHIKV was reported in Indonesia in
serological studies in 1999 (69) and in outbreak reports from 2001-2003 (70). Furthermore, CHIKV
was isolated from patient sera in febrile illness cases from prospective cohorts from 2000-2008
— with incidence rates of 10.1/1000 CHIKV infections per person years (13, 71). When comparing
MoH-RI reported incidence numbers of CHIKV in 2014 (72) to confirmed cases in a cohort study
of 2010-2011, there is reason to believe that there is underreporting of CHIKV in Indonesia. This
is likely the result due to the similarities in clinical presentation for both DENV and CHIKV (71),
the sparse availability of routine diagnostics and not the trends in the CHIKV outbreak Figure
2 highlights these trends for CHIKV, avian influenza and rabies. Both MoH-RI and ProMED-mail
data are prone to reporting bias; the figure shows clear trends and discrepancies in reporting
between MoH-RI and ProMED-mail. For CHIKV, there seems a fixed ratio of ProMED-mail reports
versus MoH-RI data in 2007 and 2008, whereas in later years it is definitely questionable how to
adequately assess the real incidence numbers, since ProMED-mail numbers decline and MoH-RI

numbers both drop and raise.

Measles (MV)

Measles virus (MV), a Morhbillivirus belonging to the Paramyxoviridae, is a highly contagious
virus, with the number of new infections that can result from one infected person ranging from
12-16 (also referred to in literature as the R,). It spreads directly from human to human by virus
containing aerosols. Especially at risk are people naive to the virus, being those not vaccinated
and children losing passive antibodies after birth. The infection is characterized by illness with
fever, cough, coryza, conjunctivitis and Koplik’s spots. A characteristic erythematous and macu-
lopapular rash appears, which lasts for 3-5 days (73). In 40% of the cases measles infection is
complicated, for instance by pneumonia, due to a relative immunosuppression after measles
virus infection (74, 75). The incidence number of MV is successfully being reduced by vaccination,
although outbreaks do occur, both in countries with and without vaccination program due to vac-
cine effectiveness and vaccine coverage (76, 77). The implementation of a regular immunization
program for MV led to vaccination coverages above 90% in most of Indonesia, a target as set by
WHO, with a declining number of provinces not meeting this target over the past years (78-80).
When comparing these data to WHO reports, it can be depicted that the overall 1% dose coverage
among 1-year olds is still below the 90% target (81). Also, ProMED-mail reports show no evidence
of MV outbreaks, while MoH-RI still reports a number of cases totaling to an incidence rate of
about 5-6 per 100.000 inhabitants (72, 80).

Rabies (RABV)

Rabies (RABV) is caused by a number of Lyssaviruses including the rabies virus and bat Lyssavi-
ruses. Saliva from infected animals can transmit the virus to humans and eventually cause a lethal

infection of the brains. In the majority of cases, dogs transmit the virus; however, transmission of
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rabies via other wildlife should be taken into consideration (82). RABV causes an estimated num-
ber of deaths between fifty and a hundred thousand per year. The Asian and African continent
account for 95% of the worldwide deaths of the total reported infections (83).

RABV is endemic in Indonesia, especially in Bali and East Nusa Tenggara and is likely present
since the 1880s, based on multiple manuscripts describing clinical cases following bites from
“mad dogs” (84). After being last described in late 1980s (85) an outbreak in Bali and surrounding
islands commenced in 2008 (35). Up to hundred human cases and a case fatality rate of 100% in
laboratory confirmed human cases were reported during the outbreak until 2010 (86). Of inter-
est is the data from GeoSentinel and EuroTravNet sites; 12.1% of all post exposure prophylactic
vaccination for RABV was requested by travelers returning form Bali. However, their data shows
that the majority of animal-related injuries in travelers returning from Bali are associated with
exposure to monkeys, and not dog bites/scratches (87). Figure 2 shows trends in RABV reporting
to MoH-RI and ProMED-mail. The trends in reporting to both entities are less well correlated as
compared to those in CHIKV. Figure 3 shows outbreak locations in Bali as reported in ProMED-
mail and compared to MoH-RI incidence numbers. It could be beneficial to combine Ministry of
Health, ProMED-mail and possibly WHO data to get a thorough overview of areas at risk in case
of outbreaks, since locational data could be of relevance for governmental interventions or travel
related risks.

To further understand the endemic, a number of animal studies were carried out. During the
2008-2010 outbreak Dibia and colleagues showed that Indonesian RABV originated from Java
Island and were (re-)introduced in several other islands including Bali (88). Also, a study have
been conducted to estimate the owned and unowned dog populations and dog bite cases in
(RABV free) Lombok island (89) in order to get insight in the (potential) spread. From 2008, early
preventive measurements to stop the outbreak were implemented. Despite control - including
mass vaccinations and culling for dogs - the outbreak continued for four years. This largely had
to do with the fact that the dog population in Bali is rather large and the human-dog relationship
in Bali is believed to be multifaceted (i.e. for cultural reasons, as guard, but also different point-
of-views in dog care and best practices after a bite wound) (90). Also culling of dogs seemed to
be ineffective. The islands-wide vaccination, aiming for a vaccine coverage rate of 70% in dogs,
did however reduce the incidence and spread of rabies (91). Still, a number of RABV cases are

reported over the last years, as is summarized in Figures 2 and 3.

Hantavirus (HV)

Hantaviruses (HV) belong to the family of the Bunyaviridae . In humans, the rodent-borne HVs
cause two different diseases. In North and South America inhalation of virus containing aerosols
with new world hantaviruses could lead to the hantavirus cardio pulmonary syndrome , a syn-
drome characterized by fever and acute respiratory distress associated with high case fatality
rates (92). Of importance for Indonesia, seem to be the so-called Old-World HVs which can cause

hemorrhagic fever with renal syndrome (HFRS) (93). A triad of fever, hemorrhage and acute
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Figure 3. Rabies outbreak heat map to demonstrate the benefit of combining Ministry of Health and ProMED-
mail data.

kidney injury classically characterizes this syndrome. It is crucial to initiate prompt and proper
symptomatic and supportive treatment for HFRS. This includes monitoring of fluid balance,
diuresis, kidney function and the use of fresh frozen plasma/transfusions in case of hemorrhagic
complications (94). Small trials and case reports have shown that ribavirin treatment may be
useful in the very early phase of HFRS by reducing the risk of hemorrhagic events and the sever-
ity of renal insufficiency. Larger trials are needed to corroborate these findings (95). In routine
diagnostics, Old World HV infections are diagnosed by both serological detection of IgM and/
or IgG antibodies and molecular detection of the virus. However, the extent of viremia varies
per HV species and in some cases might be limited to a short period after onset of illness (92).
Currently (comparative) virus neutralization tests remain the gold standard in HV serology to
confirm an infection with a specific HV species. Neutralization tests remain an absolute necessity
since current available serological HV diagnostics suffer from a high percentage of false positive
results, and therefore reports solely relying on ELISA or IFA results should be interpret with care
(96). Earlier studies suggested HV infection in humans and rodents in Indonesia (97-101) and a
number of cases were found in hospital based cohort studies conducted between 1995 and 2005
(100, 102, 103). However, this evidence of human HV infection in Indonesia is based on only IgM
ELISA proven cases. For instance, Suharti et al. report ELISA response of a recent infection in 4.2%
of DENV suspected patients (103). Although not conclusive, this data does suggest symptomatic
human HV infection in Indonesia, which is also supported by the results of Groen et al. who
reported serological evidence, based on EIA, ELISA and IFA results in 11% in a DENV suspected

cohort (102). Furthermore, serological evidence of HV infection was reported in a clustered case

Erasmus University Rotterdam Za.{uu.g





Endemic and emerging acute virus infections in Indonesia

of 2005 in Western Java (100). In this case, rattus sp. trapped around the living area of the patient
showed the molecular presence of Seoul HV, known to cause HFRS in Europe. Seoul virus has
been detected by PCR in Rattus norvegius, the known reservoir of the pathogenic Seoul virus
(98) .

Furthermore, a newly discovered HV in the Thousand Island region in Indonesia, might be
pathogenic to humans (101). Urgent studies are needed to estimate the burden of HV disease
in humans in Indonesia and for adequate prevention methods (i.e. rodent trapping and human

behavior changes).

Avian influenza (Al)

Avian influenza (Al) infection in human, caused by non-seasonal influenza A viruses of the
subtypes H5N1 and H7N9 belonging to the Orthomyxviridae family, is clinically characterized by
respiratory disease. The first Al H5N1 reported cases date from 1997 influenza in Hong Kong.
Since then, the virus has spread throughout the South East of Asia with Indonesia being hit the
hardest (104). In Indonesia, the epidemic in poultry started in December 2003 on Java Island, with
now 31 out the 33 provinces being considered endemic. Al in humans was first detected in July
2005. Despite control measures to prevent further transmission among poultry, the infection rate
among humans declined from 5 to 3 cases per month in the reports of 2008 (105). Up to 2015, a
total of 195 cases have been WHO confirmed in Indonesia, of which 165 were fatal - mainly in the
period of 2005-2009 (104). Reports over 2014 show a continuation of the decline and only 2 cases
are reported in the archipelago (72). Refer to Figure 2 for an overview of MoH-RI reports and
trends in ProMED-mail reporting of Al. The importance of early ProMED-mail reports is clearly
shown here, as the number of reports constantly seems to exceed MoH-RI data, which could
indicate impaired implementation of a governmental program (underreporting to the govern-
ment). Unfortunately, one cannot rule out (unverifiable) over reporting in ProMED-mail.
Transmission of the disease considered to be caused by direct exposure to infected poultry. Sev-
eral family case clusters (106) have been reported suggesting the possibility of human-to-human
transmission in a study of Yang et al. (107). However, transmission estimates were only based on
one cluster. In addition, blood relatives were shown to be at risk of infection in household out-
breaks, supporting the hypothesis for genetic host susceptibility (108, 109). Recent data showed
that only a couple mutations in current circulating highly pathogenic Al H5SN1 viruses, would be
enough to enhance human-to-human airborne transmission (110). This illustrates the pandemic
potential and possible concerns for international public health.

Several measures have been taken to control disease, comprising vaccination of poultry and
implementation of a participatory disease surveillance (PDS) program, a community-based report-
ing system (111, 112). At the beginning of the outbreaks, control of disease has been problematic
due to poor gathering of epidemiological information. Since the start of PDS, registration of new
cases has been greatly enhanced. Taking social and cultural context of dynamics and distribution

of disease into account has been valuable in this process (111).
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Hepatitis A (HAV)

Indonesia was generally considered to be part of the Hepatitis A (HAV) endemic regions of the
world. This food-borne infection with HAV, related to decreased sanitation conditions, infects
over 90% of children under the age of 10 years in endemic regions (113). Since the infection
before the age of five is rather asymptomatic, the burden of disease for inhabitants in endemic
regions is rather low, resulting in a high level of community based immunity for acute HAV in-
fections. Therefore, hardly any outbreaks occur within the community. In upcoming economies
like Indonesia, however, the number of infected children drops with a subsequent increase in
symptomatic infections on an older age as a results of a clear increase in level of sanitation (114).
This decline in seroprevalence amongst children and adolescents has been reported in Indonesia
and other countries on the continent (115). This change in epidemiologic pattern has clinical and
public health implications, where at some point the introduction of nation-wide HAV vaccination
might be cost effective compared to treatment of acute HAV infection (116), which is symptom
driven. For persons travelling to Indonesia, HAV vaccination is generally recommended by travel
medicine guidelines (refer to Table 1) - especially for adults, and imported cases of HAV from

travelers to and from Indonesia have been broadly reported in literature (117, 118).

Seasonal influenza and influenza like ilnesses

Influenza viruses, the most well-known members of Orthomyxoviridae family, cause respiratory
disease in humans predominantly. Those mimicking the symptoms of Influenza are known as
non-influenza viruses, causing influenza like illnesses. Of the three influenza virus types (A, B
and C), influenza A is the best known for its ability to drift, re-assort and the cause of seasonal
human flu on a yearly base. Influenza A affects 5-15% of the human population every year. In the
tropical Indonesia climate, no true seasonality of influenza is present (119). The virus seems to
be constantly present and cause respiratory disease throughout the whole year. However, Storms
et al. studied the prevalence of influenza virus in patients seeking care for respiratory disease in
Jakarta, Java over a one-year period starting in 2011 and reported the highest incidence during
December-May with the proportion of positive PCR being 76% for patients presenting with classic
influenza like iliness. Of those, 36% had more severe disease during the weeks with highest influ-
enza activity (120). Most likely, seasonality exists in line with rainy season. Currently, no country
-based policies regarding influenza vaccination (such as for risk groups, healthcare professionals
etc) are implemented in Indonesia.

MoH-RI discusses the recommendation of antivirals like oseltamivir or vaccination policies in
Indonesia, since several studies report this high percentage of complicated influenza cases in
Indonesia (up to 15%), (120-122). Of interest for clinicians dealing with travelers with travel plans
to Indonesia, comes from data of the Geosentinel network. It shows that travelers travelling to
South East Asia have a sevenfold higher change of being infected with seasonal influenza com-

pared to those staying at home (123). It therefore seems reasonable to vaccinate travelers and
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inhabitants; however, a yearly seasonal influenza vaccine is currently not implemented in any
Indonesian immunization schedule (Table 1) (124).

During a one-year study from 2008, just above 200 respiratory specimens from patients hospi-
talized in Indonesia (total 1222 patients including hospitals in Thailand and Vietnam) with sus-
pected influenza or influenza like iliness were collected and analyzed. In the cohort, 18.7% of the
samples tested positive for Rhinovirus, in particular in March. Furthermore, respiratory syncytial
virus (RSV, 11.8%) was found from July to November. Other detected viruses included bocavirus
(16.4%), parainfluenza (11.5%), adenovirus (8.4%), influenza A and B (7.6%) and coronaviruses
(1.8%) (125).

Zika virus infection, hepatitis E, MERS Corona

Three cases of Zika virus infection, caused by a Flavivirus transmitted by Aedes aegypti mosqui-
tos, in Indonesia are reported in literature. These infections, clinically characterized by fever,
headache, malaise, arthralgia, myalgia and rash, were all documented in returning travelers from
Jakarta (2012, after 9 day holiday)(126), Bali (2013, after monkey bite in Ubud Monkey Forest)
(127) and Malaysian Borneo (2014, after a 3 week holiday)(128).

Also seven cases of probable Zika virus infection in inpatient inhabitants of Central Java were
reported based on antibody diagnostics (129). In samples collected in 2014-2015, during a DENV
outbreak in Jambi (n=103), one DENV negative sample was tested positive for Zika (130). Once,
a monkey bite was proposed as a route of transmission, while Zika is generally considered to be
a mosquito-borne disease (127). Since both DENV and Zika manifest clinically similar, it remains
unclear whether Zika virus infection is rare in Indonesia or is often mistaken for DENV. Only lim-
ited, if none, diagnostics are carried out to Zika and no regular surveillance programs exist (72).
Three outbreaks of hepatitis E infections, transmitted fecal-orally and associated with low
standards of sanitation, have been described in West-Kalimantan and Java (131-133). All three
outbreaks were related to dependence to polluted river water. Anti-hepatitis E virus seropositivity
is shown to be more prevalent in regions where pigs and swines are more incorporated in daily
life, as is the case in Bali island, compared to Java. Samples were taken from farms in Yogjakarta
(Central Java), Tulungagung (East Java) and Mengwi (Bali) (134, 135). Also hepatitis E virus has
been detected in wild rats, however whether their role in human infection is significant or not
remains unclear (136).

Middle East respiratory syndrome corona virus (MERS-CoV) causes upper respiratory infections in
humans with case fatality rates up to 35%. MERS-CoV is prevalent in Arabian countries, including
Saudi-Arabia, which is visited by Indonesian inhabitants for hajj (pilgrimage) (137). So far, no cases

of MERS corona virus infections in Indonesia are reported in literature.

Implications and future actions

Summarized data from scientific literature, WHO reports, reports from the Ministry of Health of

the Republic of Indonesia and ProMED-mail, presented in this review, provide a unique insight in
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the past, current and potential of relevant viral pathogens for the Indonesian archipelago. Indo-
nesia seems to be prone to vector-borne and zoonotic diseases, due to environmental conditions
suited for arthropod vectors and the presence of reservoirs for zoonotic viruses. Viruses like DENV
have been endemic for many years while re-emergence of Al and RABV have drawn attention
from governmental institutes and scientists. Relevant for this region, but underreported in MoH
reports and literature are HV, HAV and JEV. Furthermore, only limited data is available about
the incidence of influenza and influenza like illnesses — while these viruses are known to have a
significant burden on society in due to economical losses. Furthermore, these viruses most likely
account for a substantial number of hospital admissions for the very young or elderly, as they do
in Europe and U.S.A.

The description of a (re-)emerging virus is expected to happen in the order of ProMED-mail
reports, scientific studies and governmental data (MoH-RI and CDC or WHO). Only parts of the
ProMED-mail data regarding outbreak reports were confirmed or became of scientific interest in
cohort studies (i.e. this holds especially true for avian influenza). Ministry of Health (MoH-RI) data
seems to be partially in line with these findings. ProMED-mail has proven to be a valuable tool
in the (early) detection of outbreaks all over the world. For Indonesia, this is very well illustrated
with Al reports, for which, in many cases, the ProMED-mail reports are ahead of official state-
ments and literature. Interestingly, ProMED-mail reporting for the rabies outbreak in Bali started
in 2010 (Figure 2), while most likely the outbreak started in 2008. Given the goal of ProMED-mail
to report emerging diseases on a low-threshold base, it relies heavily on the awareness and
possibilities to report (unknown) cases by local healthcare workers. This shows the importance
for adequate on-site diagnostics and surveillance programs. To our experience, the rabies under
reporting seems to be an exception in ProMED-mail.

We noticed some discrepancies in MoH-RI data as compared to WHO and CDC data. In MoH-RI
data it is not always clear whether data was not available (i.e. not reported to the government)
or no cases occurred at all. Furthermore, limited insight is given in number of suspected cases
versus laboratory confirmed cases. In case of RABV, the number of suspected cases (as measured
by the number of animal bites) versus administration of RABV vaccine and number of confirmed
and fatal cases is reported. Information about the used diagnostic methods lacks, as well as the
number of tested samples versus laboratory confirmed samples. Since data is not available for
local persons exposed to RABY, it is impossible to draw conclusions based on these observations.
However, we do know, with special focus on Bali Island, that RABV post exposure is the number
two most prevalent post travel health care problem in travelers as per Geosentinal data - just
above influenza and below travelers’ diarrhea. The number of actual RABV cases, luckily, is actu-
ally one of the more rare problems. We also observed over reporting in ProMED-mail, as only
few reports of DENV in ProMED-mail exist but dozens of reports for CHIKV and Al were added;
we were unable to settle this discrepancy, moreover since both are reported to the government
and taken to MoH-RI reports over the past years. ProMED-mail entries should be interpreted with

care, as its form is prone to reporting bias and no peer-review system exists.
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There is a clear unmet need for cohort studies in a number of primary, secondary and tertiary care
centers evenly spread over the archipelago. In particular, some well-studied acute viral diseases
such as influenza and influenza like ilinesses are only limitedly researched in Indonesia. Further-
more, up-to-date scientific information regarding for instance HAV and MV antibody prevalence
—and hence — the risk for those unvaccinated seems to lack for this region.

Incidence numbers as reported in scientific studies serve a different purpose than those reported
in MoH-RI (or CDC, WHO) data, due to the selection of a specific population (i.e. a poultry mar-
ket, hospital based or clinical symptoms). These data should guide healthcare workers in their
decisions when assessing patients in the general practice or emergency department. Healthcare
workers should therefore be able to rely on solid surveillance data from the MoH-RI as well as
scientific literature.

In recent years, CHIKV (2013, Caribbean islands), Ebola (2014, West Africa) and Zika (2015, South
America and 2016, Asia), have proved to be of relevance for both developed and developing
countries. No exception exists for Indonesia, especially since Indonesia is an upcoming economy
and a popular travel destination. Vector control is relevant in order to control outbreaks. The
MoH-RI sets targets to lower the number of larvae around houses as well as targets for lowering
the incidence rate for new cases (e.g. DENV) on a yearly base. Next to this challenging task, there
is need for a functional and validated surveillance program. Government reference laboratories
are only available in limited numbers and the geographic layout in terms of the archipelago,
including distant areas and a variety in both economic strength and availability of health care
facilities, poses another challenge to get an accurate oversight EIVD epidemiology.

Changes to the Indonesian vaccination program will be needed to be made in the future, as new
vaccines and epidemiological data become available. This especially holds true for new DENV
vaccines and existing JEV (refer to Table 1, comparing the MoH-RI immunization scheme to travel
immunization advice). Preparedness for EI(V)Ds can only be achieved with an adequate insight
and control of current pathogens, a solid surveillance system including reference laboratories and
the ability to scale up the resources needed to adequately diagnose, treat and follow-up patients.
To our findings, resources should be directed to the One Health concept as it is of utmost im-
portance to achieve the correct balance for people, animals and the environment. Given recent
outbreaks in the world, the existence of vectors in Indonesia and the ability to spread diseases in
humans, poultry or goods, it might just be a matter of time before other well-known viral diseases

such as yellow fever, or other emerging diseases will be engrafted in Indonesia.

Supplementary data 1, 2 and 3 are available from: https://doi.org/10.1080/104084
1X.2018.1438986
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INTRODUCTION

Central nervous system (CNS) infections are a medical emergency, that needs a proper diagnostic
approach and early treatment. Indonesia’s tropical climate, biodiversity and populated areas fa-
cilitate the transmission of zoonosis and vector borne diseases. Accordingly, a viral etiology, such
as Japanese Encephalitis virus, is often considered in case of a presumed CNS infection, as was
confirmed in a recent study (1). Furthermore, an increasing number of HIV related deaths result
from CNS co-infections (2). Current limited routine diagnostic capacity and low surveillance rates
impede a definite diagnosis for the majority of suspected CNS infections in Indonesia. Diagnostics
and subsequent treatment of identifiable causes of CNS infections should be a priority. A recent
study has elucidated human behavioral factors in this process. Because of hesitancy, lumbar
punctures are not routinely performed. According to questionnaires held amongst neurologists
this is mostly due to patients that refuse to undergo lumbar punctures because of fear of compli-
cations. The study suggests to improve doctors’ skills and knowledge (3). Here, we present data
from a two year prospective cohort in patients with a suspected CNS infection in East-Java and

share similar findings.

METHODS

From April 1st, 2016 to March 30th, 2018 we enrolled patients aged 13 years and above, admitted
with fever (2382C) and signs suggestive of a CNS infection to the Department of Neurology in the
RSUD Dr. Soetomo hospital in Surabaya, East-Java, Indonesia. This is a regional referral center for
Neurology. From all patients or their legal representatives we obtained informed consent. Routine
clinical data, blood- and cerebrospinal fluid (CSF) samples were collected. Reports of computed
tomographic (CT) scans of the head were evaluated. Lumbar punctures were performed following
the normal daily routine. Staining and banal culture were available as routine microbiological
assessments, but serological assays were limitedly available due to restrictive financial resources,
and polymerase chain reaction (PCR) was not available. Glasgow Outcome Score (GOS) was noted
on discharge. Ethical clearance was obtained from the Airlangga University, Faculty of Medicine
(ref: 317/Panke.KKE/V/2015). Full criteria are available as Supplementary data 1.

RESULTS AND DISCUSSION

Data was available from 74 out of 89 consented patients (Table 1 and Supplementary data 2).
The mean age was 37 years, duration of symptoms 5 days and an altered consciousness was
observed in 70% of the cases. CT-scans were available from all patients and we observed ab-

normalities in up to 60% (see Table 1). In only 47% of cases a lumbar puncture was performed.
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Table 1. Characteristics of patients with suspected CNS infections enrolled in the study

All patients (n=74)

Baseline Age (yrs) 37 (15-76)
Male sex n (%) 45 (60.8%)
HIV-positive 3/74 (4.1%)
Diabetes Mellitus 5/65 (7.7%)
Tuberculosis 10/74 (13.5%)
Clinical Duration of symptoms, 5/72 (0-180)
median days/n (range)
Arthralgia 17/74 (23.0%)
Chills 17/74 (23.0%)
Myalgia 18/74 (24.3%)
Headache 50/74 (67.6%)
Photophobia 4/74 (5.4%)
Seizures 22/74 (29.7%)
Respiratory complaints 27/74 (36.5%)
Diarrhea 2/66 (3.0%)
Nausea 14/66 (21.2%)
Vomiting 17/74 (23.0%)
Examination High fever (239°C) 7/74 (9.4%)
Signs of septic shock® 0/74 (0%)
Aphasia 2/74 (2.7%)
Hemiparesis 14/74 (18.9%)
Neck stiffness 35/74 (47.3%)
Glasgow Coma Scale (GCS) median/n, (range) 12/74 (5-15)
Altered mental status (GCS <14) 52/74 (70.3%)
Coma (GCS <8) 6/74 (8.1%)
Laboratory Leukocytosis 48/74 (64.9%)
pvestigations Leukopenia 1/74 (1.4%)
Thrombocytosis 12/74 (16.2%)
Thrombopenia 4/74 (5.4%)
Elevated ALT 16/64 (25.0%)
Elevated AST 14/64 (21.9%)
CSF evaluated 35/74 (47.3%)
Polymorph nuclear leukocytes 113/33 (1-898)
Mononuclear cells 132/34 (0-975)
Protein 326/35 (1-4400)
Glucose 48/35 (8-173)
Ratio glucose/serum 0,4/35 (0.06-1.15)
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Table 1. Characteristics of patients with suspected CNS infections enrolled in the study (continued)

All patients (n=74)

Imaging

Neuro-imaging

Outcome

Discharge outcomes

Chest X-ray performed
No abnormalities
Cardiomegaly
Effusion
Infiltrate
Suspected tuberculosis
Brain CT-scan performed
Edema
Infarction
Hemorrhage
Leptomeningeal enhancement
Hydrocephalus
Admitted to
Ward
ICU
Duration of hospital stay, mean days/n evaluated (range)

survived patients (n=44/68)
deceased patients (n=30/68)

Death (GOS =1)

Persistent vegetative state (GOS = 2)
Severe disability (GOS = 3)
Moderate disability (GOS = 4)

Low disability (GOS = 5)

42/66 (63.6%)
21/42 (50.0%)
3/42 (7.1%)
4/42 (9.5%)
7/42 (16.7%)
7/42 (16.7%)
74/74 (100.0%)
22/74 (30%)
7/74 (10%)
0/74 (0%)
44/74 (60%)
4/74 (5%)

72/74 (97.3)
2/74(2.7)
10/68 (1-71)

15 (1-71)
4(1-20)

30/74 (40.5%)
1/74 (1.4%)
1/74 (1.4%)
3/74 (4.0%)
39/74 (52.7%)

Data presented as absolute number/number evaluated (%) and mean (range) unless stated otherwise. HIV:
human immunodeficiency virus; ALT: alanine transaminase (ref: <50 U/L); AST: aspartate transaminase (ref:
<50 U/L); Leukocyte count ref 3.6-11.0x10°/L; Thrombocyte count ref 150-400x10°/L; CSF: cerebrospinal fluid;
? defined as mean arterial pressure < 65 mmHg.

No data was retrospectively available from the Clinical Microbiology laboratory. All patients
received dexamethasone, but antibiotics were administered in only 65%. Fifteen percent of the
patients were treated with acyclovir (single or combined with antibiotics). Tuberculostatic drugs
were prescribed to 9% of the patients. The HIV prevalence was 4% which seems to transcend
the prevalence in the Indonesian population (4), but is low compared to a study that details CNS
infections in Indonesia (2).

We found a high in hospital mortality rate of 40%. There are several possible explanations that
we noted here. There was a low rate of lumbar punctures with a limited yield of determination
of causative organisms or viruses. This hinders an overview of treatable causes of CNS infections.

Furthermore, all patients received adjunctive dexamethasone treatment, which is discouraged in
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resource-limited settings (5). HIV and co-infections might possibly be underdiagnosed, which may
have led to inadequate drug prescription patterns.

This underlines the need for an integrative approach. We suggest that the number of lumbar
punctures in presumed CNS infections needs to increase drastically, to guarantee sufficient num-
bers as to identify cases that benefit from accurate treatment. Outcomes of diagnostic testing
would then direct treatment choices. A minimal set of routine assays should be available for blood
and CSF. This needs to be established in-hospital, without being subjected to financial barriers
such as insurance or reimbursement. This preferably includes molecular diagnostics for bacteria,
Herpes Simplex virus-1, HIV and tuberculosis (6). A random selection of samples may be sent out
for reference purposes. We acknowledge the suggestion of encouraging the neurologists to put
effort in convincing the patients of the importance and the safety of a lumbar puncture, while
also taking into account their own knowledge and skills gaps (3).The capacity to treat, study and
ultimately prevent CNS infections in Indonesia needs urgent attention. International collaboration
between reference laboratories, necessary to validate and improve the diagnostics, is crucial, but

may be hampered due to laws restricting data exchange (7).

Supplementary data 1:

Meningitis was defined as fever, accompanied with at least one of the following: headache and
signs of meningeal irritation. Encephalitis was defined as fever, accompanied with at least one of
the following: a change in mental status, focal neurological symptoms or seizures. Patients that
initially presented with fever (>382C) documented at the Emergency Department and fulfilling
the case definitions for meningitis or encephalitis were also eligible for participation, whereas
those referred from another hospital were not eligible for participation. Standardized case report
forms (CRF) and the OpenClinica clinical data management system (version 3.12), were used
to collect: demographic characteristics, medical history, symptoms and signs on admission and
routine lab parameters. All patients were requested to undergo a diagnostic lumbar punction as
part of routine work-up, in case there were no relevant contra-indications. Patients were treated
and followed-up to routine, this included dexamethasone treatment for all meningitis and en-
cephalitis cases, complemented with antibiotic, antiviral or anti tuberculous medication. Clinical
samples, including CSF were taken based on the clinicians discretion, and subsequent analysis was
performed per local practice. Discharge or in-hospital decease was considered as study exit. From
study exit patients, the Glasgow Outcome Score (GOS) was noted, and for survivors we noted the
discharge destination. No sample size calculation was performed. Descriptive analysis is used to
display the data, displayed with the use of IBM SPSS Statistics version 25 (SPSS Inc). Missing data
is shown in numbers analysed versus numbers in the cohort. Ethical clearance for this study was
obtained from the ethical review board of the Airlangga University, Faculty of Medicine acting on
behalf of the Board of Directors of the RSUD Dr. Soetomo hospital (ref: 317/Panke.KKE/V/2015).

Erasmus University Rotterdam Za.{uu.g





Highmortalityin patientswith presumed centralnervoussystem (CNS) infectionsinatertiarycarecenterinIndonesia | 7

REFERENCES:

1. Mawuntu AHP, Bernadus JBB, Dhenni R, Wiyatno A, Anggreani R, Feliana, et al. Detection of
central nervous system viral infections in adults in Manado, North Sulawesi, Indonesia. PLoS One.
2018;13(11):e0207440.

2. Imran D, Estiasari R, Maharani K, Sucipto, Lestari DC, Yunus RE, et al. Presentation, etiology, and out-
come of brain infections in an Indonesian hospital: A cohort study. Neurol Clin Pract. 2018;8(5):379-
88.

3. Imran D, Satiti S, Sugianto P, Estiasari R, Maharani K, Pangeran D, et al. Barriers to diagnosis and
management of CNS infections in Indonesia. Neurology. 2019;92(2):104-6.

4.  WHO. Progress Report on HIV in the WHO South-East Asia Region 2016: WHO; 2016 [updated 2016.
Available from: http://apps.searo.who.int/PDS_DOCS/B5282.pdf.

5. Gudina EK, Tesfaye M, Adane A, Lemma K, Shibiru T, Wieser A, et al. Adjunctive dexamethasone
therapy in unconfirmed bacterial meningitis in resource limited settings: is it a risk worth taking? BMC
Neurol. 2016;16(1):153.

6. Petti CA, Polage CR. Molecular diagnosis of central nervous system infections: UpToDate; 2019
[updated 21 Jun 2019. Available from: https://www.uptodate.com/contents/molecular-diagnosis-of-
central-nervous-system-infections.

7. Rochmyaningsih D. Indonesia’s strict new biopiracy rules could stifle international research: Science
2019 [updated 24-07-2019. Available from: https://www.sciencemag.org/news/2019/07/indonesia-

s-strict-new-biopiracy-rules-could-stifle-international-research.

Erasmus University Rotterdam 20\/»9\9






EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER
EEEEEEENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEETN
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEETRN
Erasmus MC
http://hdlLhandle.net/1765/125227 iverstai edisch Centrum

A diphtheria case in Indonesia: a
future foe to Europe?

Wesley de Jong, Tri Pudy Asmarawati, Eric van Gorp, Marco
Goeijenbier

Neth ] Med. 2020 Feb;78(1):41-43.

Erasmus University Rotterdam /6.20\/99\9





2

Erasmus Medical Center Rotterdam
BACKGROUND

Corynebacterium diphtheria, a non-encapsulated grampositive rod-shaped bacterium, can cause
severe disease in humans. Physicians in European countries are usually familiar with this patho-
gen for its part in childhood vaccination programs. Following the introduction of vaccinations
in the mid-twentieth century, the number of diphtheria cases dropped drastically. Therefore, it
is not unlikely for a young doctor to not directly recognise the hallmark symptoms of classical
(respiratory) diphtheria. In recent years, multiple cases and outbreaks were reported on ProMED-
mail (Program for Monitoring Emerging Diseases) (1) and in literature (2-4) and concerns about
vaccination coverage were raised (5). Since 2017, an increasing number of diphtheria cases (6,7)
have been recorded in the Republic of Indonesia (population: 266 million), which was followed by
an immunisation effort to vaccinate two million children (8). This outbreak is not only of impor-
tance for local healthcare workers, but can be of international significance due to the popularity

of Indonesia as a travel destination. We therefore present the following case.
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CASE

In January 2019, a 22-year-old woman, without medical history, visited the emergency depart-
ment of the Universitas Airlangga Hospital in Surabaya (a university teaching hospital), East Java,
Indonesia with complaints of cough and dysphagia. Symptoms started four days prior to admis-
sion. In addition, she reported a fever for the past six days. There was no stridor or dyspnoea. She
lived in the city of Surabaya, but went camping in the West Java province one week before onset of
the first symptoms. None of her family members nor anyone in her close proximity suffered from
similar symptoms. She received her childhood vaccinations 20 years ago, of which no registration
was available. Physical examination showed isolated white spots on her both tonsils and pharynx
(Figure 1), but none on her uvula. A gram stain of the tonsillar swab showed gram-positive rod-
shaped cells with metachromatic (beaded) staining. Due to restricted laboratory resources, no
further determination was performed and the case was classified as ‘clinically compatible’ with
diphtheria (see Discussion). She received anti-diphtheria serum 40,000 IU intravenously and
was prescribed erythromycin 500 mg four times a day (QID) for five days. The patient recovered
and the lesions disappeared on the third day of treatment. She was discharged after 10 days in
the hospital. During this period, we screened first-degree family members and performed nasal
swabs, which were sent to a regional reference lab. All first-degree family members were given
prophylactic erythromycin 250 mg QID for seven days per governmental guidelines, regardless of

test results.

JE
Figure 1. Image of the patient’s oral cavity. The arrow indicates the most pronounced spot of grey and white
exudate on one of the tonsils; it is surrounded by pharyngeal erythema. Image published with permission of

the patient.
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DISCUSSION

Diphtheria is a highly contagious disease that is usually recognised in patients upon the exis-
tence of a tough pharyngeal pseudo membrane. Infection with C. diphtheria may either lead to
respiratory or cutaneous symptoms or to an asymptomatic carrier state. After a two to five-day
incubation period, the respiratory infection manifests with a gradual increase of symptoms of a
sore throat, malaise, and lymphadenopathy. Pharyngeal erythema progresses to spots of grey
and white exudate (shown in Figure 1). The formation of a pseudo membrane that adheres tightly
to the underlying tissue is considered pathognomonic and occurs subsequently, in one-third of
all cases. Complications occur by the spread of the pseudo membrane in the pharynx, resulting
in stridor and eventually leading to respiratory insufficiency with case fatality rates reported up
to 20% (9). Furthermore, absorption and dissemination of toxins can lead to myocarditis, renal
failure, and neurologic toxicity. A suspected case should be confirmed with clinical specimens
(i.e., swabs) by culture and toxin detection. Primary culture is done on blood tellurite medium,
followed by selective culture on cystinase medium (Tinsdale). Screening and biochemical tests
can identify the species. Confirmation is based on the phenotypic detection of the toxin (Elek test)
(10). Treatment consists of antibiotic therapy and those infected with toxin-producing strains
benefit from prompt administration of antitoxin (hyperimmune antiserum). Airway management
is important to prevent airway obstruction and cardiac function should be monitored. In case
of respiratory diphtheria, droplet isolation could prevent further spread. Early vaccine research
against diphtheria started in the 1920s and today, childhood vaccination against this pathogen is
common around the world (11). High vaccination coverage (80-85% on the population level) is
considered a cornerstone in the prevention of new infections (12). The recent outbreak response
only targets children and adolescents, and the case presented here is illustrative of the suscepti-
bility of those with possible impaired antibody titres due to non-repeated vaccination.

THE EUROPEAN PERSPECTIVE

Over the past decades, although limited numbers of diphtheria have been reported in European
countries, clinicians do treat diphtheria infections: The European Centre for Disease Prevention
and Control (ECDC) reported 17 diphtheria cases in 2017 in Europe, of which four were reported
as classical respiratory diphtheria. Three out of the 17 were considered from indigenous transmis-
sion (13). These illustrate both the necessity to be adequately protected by means of a repeated
vaccination, as well as the need for healthcare providers to be aware of the clinical landscape.
Interestingly, routine vaccination programs of European Union countries are not uniform in their
recommendations for repeated diphtheria vaccination throughout adolescence, early adulthood,
and middle age (14). For some countries, repeated vaccination (for example, during late ado-

lescence) is not included and only suggested by travel medicine guidelines or disease-specific
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guidelines. Travel to Saudi-Arabia for the Hadj/Umrah gatherings, for example, does not require
a recent vaccination against diphtheria. On the other hand, the country was able to contain an
ongoing outbreak of Neisseria meningitides by demanding a mandatory vaccination when enter-
ing the country (15). This highlights the possible importance of routinely administering repeated
vaccination as it is known that diphtheria-specific antibodies can remain below levels of protec-
tion and that long-term protection is frequently not achieved (16,17). This impaired protection

against C. diphtheria might thus put those living in diphtheria disease-free countries at risk.
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Part 2

Studies on clinical challenges
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ABSTRACT

Background

Dengue virus (DENV) causes the hospitalisation of an estimated 500,000 people every year.
Outbreaks can severely stress healthcare systems, especially in rural settings. It is difficult to
discriminate patients who need to be hospitalized from those that do not. Earlier work identified
thrombocyte count and subsequent function as a promising prognostic marker of DENV sever-
ity. Herein, we investigated the potential of quantitative thrombocyte function tests in those
admitted in the very early phase of acute DENV infections, using Multiplate™ multiple-electrode

aggregometry to explore its potential in triage.

Methods

In this prospective cohort study all patients aged >13 admitted to Universitas Airlangga Hospital
in Surabaya, Indonesia with a fever (>38°C) between 25 January and 1 August 2018 and with a
clinical suspicion of DENV, were eligible for inclusion. Exclusion criteria were a thrombocyte count
below 100x10°/L and the use of any medication with a known anticoagulant effect, nonsteroidal
anti-inflammatory drugs and acetyl salicylic acid. Clinical data was collected and blood was taken
on admission, day 1 and day 7. Samples were tested for acute DENV, using Panbio NS1 ELISA.
Platelet aggregation using ADP-, TRAP- and COL-test were presented as Area Under the aggre-
gation Curve (AUC). Significance was tested between DENV+, probably DENV, fever of another
origin, and healthy controls (HC).

Results

A total of 59 patients (DENV+ n=10, DENV probable n=25, fever other origin n=24) and 20 HC were
included. We found a significantly lower thrombocyte aggregation in the DENV+ group, compared
with both HCs and the fever of another origin group (p<0.001). Low ADP AUC values on baseline
correlated to a longer hospital stay in DENV+ and probable DENV cases.

Conclusion

Thrombocyte aggregation induced by Adenosine diphosphate, Collagen and Thrombin receptor
activating peptide-6 is impaired in human DENV cases, compared with healthy controls and other
causes of fever. This explorative study provides insights to thrombocyte function in DENV patients

and could potentially serve as a future marker in DENV disease.
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INTRODUCTION

Dengue virus (DENV), most likely the most important mosquito transmitted viral disease in the
world, is endemic in South East Asia. The estimated number of clinical infections worldwide is
67-136 million (1), with an estimated 500,000 people requiring hospitalisation every year. For
Indonesia, which has a population of over 260 million people (2), DENV accounts for up to 55%
of febrile cases for which a visit to a healthcare professional is necessary and in which there is
a potential need of hospitalisation (3). Upon infection, patients can present symptoms ranging
from a simple flu-like illness up to severe disease warranting hospitalisation due to shock and/
or haemorrhage. No treatment, nor an effective vaccine is available for DENV, which means that
those who develop a severe form of the disease rely on supportive care, mainly consisting of
the maintenance of the body-fluid volume (4). In densely populated areas of Indonesia, such as
the Java Island, DENV outbreaks can severely stress the capacity of healthcare systems, due to
the large number of persons simultaneously seeking medical care (5, 6). Earlier studies tried to
identify patients at risk of developing severe dengue by specific biomarkers, genomics, machine
learning and early point-of-care ultrasound. However, many of these promising markers call
for difficult, expensive or laborious techniques that are not practical in the current Indonesian
healthcare setting (7-10). For adequate DENV diagnosis, clinicians should rely on serological (IgM/
IgG) and/or NS1 detection or molecular tools. However, these assays are not routinely available in
outbreak areas or come with a certain delay. Currently, it is difficult to early differentiate uncom-
plicated dengue from those that will develop a severe form of the disease that warrants intensi-
fied in-hospital monitoring. Such approaches were previously studied in a specific combination of
hematological parameters to differentiate between dengue and malaria in Thailand (11).
Excellent studies have explored the role of thrombocytes in viral infections (12-14). Thrombocytes
not only play a crucial role in primary haemostasis, they are also known to play an important role
in inflammatory responses, host defense and vascular integrity (15, 16). Thrombocytopenia is
commonly observed in patient with a DENV infection. The magnitude of thrombocytopenia, or
“drop” in platelets seems to strongly correlate with DENV severity. Thrombocytopenia in DENV is
mainly the result of decreased platelet production in the marrow and increased platelet destruc-
tion (17). Interestingly, bleeding also occurs in DENV patients with thrombocyte counts within
normal range, suggesting there is an important role for alterations in thrombocyte function or ac-
tivation (18). For thrombocyte activation, this leads to deposition of aggregates in microvascular
structures. In this context, a number of surface markers such as P-selectin and CD63 expression,
have been studied and these correlate to a decline in thrombocyte counts. Thrombocyte activa-
tion was found to be at a maximum after DENV clearance, indicating the presence of continuing
thrombocyte activation mechanisms in the convalescent phase of the disease (12, 15).

Clinical studies of hospitalised DENV patients showed correlations between the occurrence of
bleeding and thrombocytopenia and the need for a prolonged hospital stay (19). During this early

clinical phase, impaired thrombocyte function is not detected in routinely tests, but altered ag-
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gregation might relate to duration of hospital stay. To test this hypothesis, bench-top tests to as-
sess thrombocyte function that are characterized by a short turn-around time would be suitable.
In this matter, point-of-care thrombocyte aggregation tests are extensively used in the field of
cardiology and cardiothoracic surgery (20), while a small number of studies are looking at platelet
function in neurology (21), gynaecology (22) and sepsis (23). Furthermore, patients presenting
with Haemorrhagic Fever and Renal Syndrome (HFRS) due to Puumala orthohantavirus infection,
showed impaired thrombocyte aggregation on almost all test reagents when bedside platelet ag-
gregation was assessed using Multiplate® (24). The Multiplate® analysis is based on the principle
that platelets become sticky upon activation by reagents and adhere. These aggregate onto metal
sensor wires in the Multiplate® analyser, which then measures an increase in electrical resistance.
Over a six-minute timeframe, aggregation units (AU) are plotted against time, resulting in an Area
Under the aggregation Curve (AUC), in Units. Adenosine diphosphate (ADP) is an important gen-
eral agonist for platelet aggregation (25). Collagen mediates the integrity of the vascular wall and
its actions prevent excessive hemorrhage or thrombosis (26). Last, thrombin receptor activator
for peptide 6 (TRAP-6) acts via thrombin receptor protease-activating receptor-1, which is highly
expressed on platelets (27).

Clinicians in low- to middle income countries where DENV is endemic, usually rely on the WHO
2009 case description to estimate the clinical course of a patient (28, 29). If locally available, ad-
ditional rapid DENV non-structural protein 1 (NS1) tests play a limited role in the decision-making
process, especially taking into account that some patients present quite late to the hospital, when
the virus was already neutralised and hence no NS1 is present. ELISA-based testing is known to
have better characteristics, but it is more laborious and is only suitable for batch testing. As stated
previously, additional understanding of thrombocyte function in DENV infections would be of
value for healthcare settings in Indonesia, or indeed elsewhere.

In this study we explore the use Multiplate™ multiple-electrode aggregometry to evaluate its
potential as marker of DENV severity expressed by the duration of hospital stay in the very early

phase of DENV infectionin Indonesia.

MATERIALS AND METHODS

Patients and controls

Consecutive patients were included in the study, which ran from 25 January to 1 Augustus 2018 at
the department of internal medicine of the Universitas Airlangga hospital in Surabaya, East-Java,
Indonesia. Patients aged 13 or older, presenting with a fever (> 382C) on the ward or Emergency
Department, and for whom there was a clinical suspicion of DENV infection in accordance with
the case definitions in the WHO Dengue 2009 guideline (28), were deemed eligible for inclusion.
Exclusion criteria were a thrombocyte count below 100x10°/L and the use of any medication

with a known anticoagulant and/or antiplatelet effect, including nonsteroidal anti-inflammatory
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drugs (NSAIDs) and acetyl salicylic acid (ASA), non-vitamin K oral anticoagulants (NOAC), direct
oral anticoagulants (DOAC) and antiplatelet drugs such as clopidogrel, dipyridamole or vitamin K
antagonists. Also, patients with inherited platelet function disorders (e.g. Von Willebrand disease)
were excluded. After obtaining written informed consent from patients or their legally authorised
representatives, we collected blood samples on baseline, day 1 and 7 (+/- 48 hours). Patients
were followed up according to local practices and guidelines. Based on the clinician’s discretion,

this included imaging, urinalysis and blood culture.

Sample collection

All samples were drawn using a BD vacutainer system using 0.7mm x 25mm needles, and tubes
were gently inverted five times after blood was drawn. Multiplate samples were drawn to Di-
apharma Multiplate® Hirudin Blood Tubes. At inclusion, an additional BD Vacutainer® SST™ serum

tube was taken and spun down in a centrifuge at 2,000 RCF (room temperature) for 15 minutes.

Dengue virus diagnostics and study group assignment

Panbio ® Dengue Early Rapid test was used to identify dengue cases by ascertaining the presence
of the NS1-antigen in the serum. This information was used to track the number of patients in
each group throughout the study. Residual serum was aliquoted, and stored at minus 80°C while
awaiting further processing. Stored serum samples were tested at a later stage with a Panbio®
Dengue Early ELISA dengue NS1 antigen capture ELISA, according to the manufacturer’s specifica-
tions. In case of a positive NS1 ELISA, patients were assigned to the study group DENV-confirmed.
Consequently, patients were assigned to “fever of another origin” in case of a clear working di-
agnose other than DENV. Others were evaluated against WHO 2009 guidelines (28) and classified
in the DENV probable group. Full criteria are available from Supplementary data 1. For logistical

reasons, no convalescent samples could be collected for IgM/IgG testing.

Platelet aggregation measurement using Multiplate

Using Multiplate, Hirudin blood tubes were tested using ADP and TRAP-6 reagents, as per the
manufacturer’s instructions and COL reagent. In brief: ADP and TRAP-6 reagents were reconsti-
tuted with 1000pL high purity distilled water and aliquoted in vials of 110uL. These reagents were
stored at minus 80°C for a maximum of 4 weeks, then while they were in use kept at between
2 and 8°C for a maximum of 7 days. COL reagent (CHRONO-LOG® corporation, P/N 385) was
prepared by mixing 50uL COL with 450uL isotonic glucose solution (pH 2.7-2.9). The prepared
COL reagent was used for a maximum of 1 week and kept at between 2 and 8°C. Using 20ul of the
solution in a Multiplate test cell, the final concentration achieved was 3.2ug/ml. Blood testing in
the Multiplate was done a maximum of 4 hours after blood draw. To start the Multiplate measure-
ments, 300pL of sodium chloride 0.9% solution was mixed with 300pL of Hirudinized whole blood
at 37°C for three minutes, after which 20uL of the reagent (either ADP, TRAP or COL) was added.

For the statistical analysis, tests were performed in duplo, using the mean of two similar tests
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(i.e. same patient/reagent). Due to logistical reasons, not all samples that were available could be

tested with COL reagent (see the results).

Statistical analysis

Based on earlier work by Peerschke and colleagues, to detect a hypothesised AUC 20 difference in
baseline means between study groups with a power of 80%, we calculated the following sample
sizes: ADP n=27, TRAP n=20 and COL n=30 respectively (30). Statistical analysis was performed
using IBM SPSS statistics software (for Windows, version 25). Normality testing was performed
using Shapiro-Wilk (with a value of .05 or above considered as normally distributed data). If the
data was distributed normally, the means were compared with a t-test, or else using a Kruskal-
Wallis and Mann-Whitney U-test. Ethical clearance was obtained from the ethical committee of
the Universitas Airlangga hospital, with reference 126/KEH/2017, and all study procedures were

conducted following the Declaration of Helsinki (31).

RESULTS

Study-group assignment

We enrolled 60 subjects; all of them were laboratory tested for the presence of DENV NS1 antigen
in serum. Figure 1. shows an overview of the enrolment of the participating patients, who were
subsequently assigned to the different groups. During the study period, 9 patients initially tested
positive using the DENV NS1 rapid test, while 1 additional DENV case was later confirmed by using
the more sensitive DENV NS1 ELISA (totalling 17% of all the subjects, see Supplementary data 2.).
We assigned 59 patients to the following study groups: DENV-confirmed (n=10), DENV-probable
(n=25) and fever of another origin (n=24). For reasons of incomplete data, 1 patient was excluded

from the analysis. A group of healthy hospital workers served as the control population (n=20).

Baseline study and disease characteristics

Baseline and clinical characteristics are shown in Table 1. With a mean age of 19, the DENV-
confirmed group was significantly younger than that of the fever of another origin group (mean
age 28), U=34, p=.001). The mean, self-reported fever duration was 3.60 days for DENV-confirmed
cases, 4.64 for DENV-probable (U=70, p=.039) and there was a mean duration of 6.63 days for
those with a fever of another origin (U=67, p=.043). Subjects classified as having a fever of an-
other origin presented with complaints suspected for: a respiratory-tract infection (n=5, 20%),
typhoid fever (n=9, 38%), a urinary-tract infection (n=2, 8%), other abdominal focus (n=4, 17%)
and undifferentiated fever/sepsis (n=4, 17%). We observed the presence of DENV signs and
symptoms in all study groups. Leukocyte counts for DENV-confirmed cases were significantly
lower compared with both DENV-probable (a mean of 3.24x10°/L vs 5.56x10°/L (U=46 p=.004)),

as well as a fever of another origin (a mean of 10.72x10°/L U=11 p<.001). As shown in Figure 2.,
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Figure 1. Flowchart for the analysis of baseline (day of inclusion) samples following the CONSORT 2010 State-
ment".

The data shown for DENV NS1 positive is based on the DENV NS1 ELISA results (see methods and Supplemen-
tary data 1.). DENV criteria following WHO 2009 Dengue guidelines. 1| Schulz KF, Altman DG, Moher D, for
the CONSORT Group. CONSORT 2010 Statement: updated guidelines for reporting parallel group randomised
trials. BMC Medicine 2010, 8:18
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Figure 2. Thrombocyte counts (x10?/L) presented as Mean/Standard Error of the Mean (SEM) for baseline
(day of inclusion), day 1, day 7 (+/- 48 hours or at discharge).

N= represents number of samples available. Data for Confirmed and Other Origin groups is not normally dis-
tributed. No data available for healthy controls. Statistical analysis using Mann-Whitney U-test. * = significant
p=.0173; ns = not significant.
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Table 1. Baseline study characteristics

Study Dengue NS1 Dengue Fever of Control

population confirmed probable another origin  group

N=59 n=10 n=25 n=24 N=20
Mean age (range) 28 (14-71) 19 (14-36) 24 (14-54) 35 (14-71) 30 (21-46) <.05*
Male sex n (%) 30 (50.8%) 3 (30%) 16 (64%) 11 (45.8%) 9(45%) 271
Duration of fever days (range) ~ 5.27 (1-30) 3.6 (2-4) 4.6 6.63 (1-30) N/D .058
Headache n (%) 39 (66.1%) 9 (90%) 19 (75%) 11 (45.8%) N/D .018°
Retro-orbital pain 4 (6.8%) 0 (0%) 4 (16%) 0 (0%) N/D .054
Nausea, vomiting 50 (84.7%) 8 (80%) 22 (88%) 20 (83%) N/D .812
Rash 3 (5.1%) 1 (10%) 1 (4%) 1(4.2%) N/D 740
Swollen glands 2(3.3%) 1 (10%) 0 (0%) 1(4.2%) N/D 324
Aches and pains 18 (30.5%) 2 (20%) 9 (36%) 7 (29.2%) N/D .639
Mean MAP® (range) 90 (67-125) 89(76-107) 97 (67-121) 92 (69-125) N/D 689
Mean temperature (range) 38.3 (36.0-40.0) 38.3(36.8-39.4) 38.4 (36.6-39.7) 38.3 (36.0-40.0) N/D .962
Mean leukocyte count (range)  7.27 (1.24-22.94) 3.24(1.24-6.17) 5.56 (1.88-8.90) 10.7 (3.72-22.94) N/D <.05*
Mean thrombocyte count 205 (101-815) 156 (101-196) 150(111-210) 284 (123-815) N/D <.05%
(range)
Leukocytosis 13 (22.0%) 0 (0%) 0 (0%) 13 (54.2%) N/D <.05%
Leucopenia 13 (22.0%) 8 (80%) 5 (20%) 0 (0%) N/D <.05*
Thrombocytosis 4 (6.8%) 0 (0%) 0 (0%) 4(16.7%) N/D .044*
Thrombopenia 24 (40.7%) 4 (40%) 14 (56%) 6 (25.0%) N/A .087
Increased creatinine” n/N (%) 2/38 (5.2%) 0/6 (0%) 2/21(9.5%) 0/11 (0%) N/D N/C
X-ray suspected pneumonia 3/15 N/D 0/3 (0%) 3/12 (25%) N/D N/C
n/N (%)
Urine dipstick/culture positive ~ 7/11 (63%) 1/1 (100%) 0/4 (0%) 6/6 (100%) N/D N/C
n/N (%)
Blood culture positive n/N (%)  1/1 N/D N/D 1/1 (100%) N/D N/C
Duration of hospital stay in 2.05 (0-8) 2.50 (1-4) 1.80 (1-4) 2.13 (0-8) N/D N/C
days (range)

Patients with fever on admission were scored for anamnestic parameters according to the WHO dengue 2009
guideline. Cases that were not NS1-confirmed were considered probable dengue on condition that at least
two of the following symptoms were presented: headache, retro-orbital pain, muscular/joint pain, nausea/
vomiting, swollen glands, rash, leukopenia. Continuous and semi-continuous data was analysed using the
Kruskal-Wallis test and categorical data was analysed using the Chi-Squared test. Leukopenia defined as leu-
kocyte count <3.6x10°/L; Leukocytosis defined as leukocyte count >11.0x10°/L; Thrombocytopenia defined
as thrombocyte count <150x10°/L; Thrombocytosis defined as thrombocyte count >400x10°/L N/D not done;
N/C not calculated (for limited data); In case of incomplete data, data is shown as number/Number evaluated
(n/N); * significant (p<.05); ° Mean Arterial Pressure; ‘incomplete data for 21 cases
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the mean thrombocyte count for DENV-confirmed cases was 156x10°/L, while for DENV-probable
cases it was 150x10°/L and for a fever of another origin it was 284x10°/L (U=56, p=.016 for DENV-
confirmed vs a fever of another origin). No subjects showed signs of shock on enrolment, as
the mean arterial pressure (MAP) was > 65 mmHg for all. The mean duration of hospital stay,
following the clinicians discretion, for all subjects was 2.05 days, with a range of 0 to 8 days
and no significant differences between groups (DENV-confirmed vs DENV-probable p=.051 U=74,
DENV-confirmed vs Other origin p=0.152 U=83). While not significant, it should be noted that the
mean hospital stay duration for the DENV-confirmed group, i.e. those that tested NS1 positive on
baseline, was 2.5 days, as opposed to 1.8 for the DENV-probable group — which is reflected by a

Baseline Day 1 Day 7

—_—

ADP AUC

120+

1004

804

60+

COL AUC

TRAP AUC
3

Figure 3. Area Under the aggregation Curve (AUC) for stimulation of the thrombocyte adenosine diphosphate
(ADP) receptor, collagen (COL) induced aggregation of thrombocytes and stimulation of thrombin receptor
activating peptide-6 (TRAP-6).

Data shown as mean with standard error of the mean (SEM). The number of samples analysed/available is
shown under the x-axis . and were influenced by discharge of patients (clinicians’ discretion). * p <.0001; **
p =.0005. Statistical analysis using Mann Whitney U-test.
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decline in numbers analysed as shown in Figure 3. One subject died (cause unknown, from the
fever of another origin group) and one subject was referred for third-line treatment in another

hospital (reason unknown).

MultiPlate analysis

As shown in Figure 3, MultiPlate analysis was available for ADP, COL and TRAP reagents in 59
(100%), 47 (80%), and 59 (100%) of the subjects, respectively, at baseline. The Area Under the
aggregation Curve (AUC, in Units or U) for ADP, TRAP and COL on baseline was significantly lower
for both DENV-confirmed vs Healthy controls (p<.001 for all analyses) and for DENV-confirmed vs
fever of another origin (p<.001 for all analyses).

Meanwhile, Table 2. shows the relationship between baseline ADP, TRAP and COL measurements
and the final duration of hospital stay. Firstly, using Spearman’s rank-order correlation, we found
no correlation for ADP, TRAP, COL measurements at baseline for DENV-confirmed versus length
of stay (ADP: rs(10) =-.065., p = .858; TRAP: rs(10) = -,.241, p = .503; COL: rs(10) = .085, p = .816
) or for DENV-probable versus length of stay (ADP: rs(25) =-.371., p = .068; TRAP: rs(25) = -.299,
p = .147; COL rs(18) = -.296, p = .232). Secondly, however, given that it was considered highly
likely that subjects in the DENV-probable group indeed had a DENV infection and were clinically
followed-up as such, we merged both DENV-confirmed and DENV-probable groups. We found that
a lower ADP AUC correlated to a hospital stay of > 1 day (ADP: rs(35) =-.360, p = .033). For TRAP
and COL, this effect was not observed (TRAP: rs(35) =-,321, p =.060; COL rs(28) =-.305, p = .115).

Table 2. Predictive value of low ADP on admission for hospital stay > 1 day

Hospital stay <= 1 day or above p-value Hospital stay <=2 days or above p-value

Stay <= 1 day Stay > 1 day Stay <= 2 days Stay > 2 days
ADP n 12 23 26 9
ADP mean (IQR) 40.25 (29.25) 29.39(10.50) .008** 35.54 (15.63) 26.11(10.00) .056*
TRAP n 12 23 26 9
TRAP mean (IQR) 66.54 (37.38) 55.63(23.00) .123*  62.84(25.00) 49.33 (14.75) .055**
COLn 10 18 20 8
COL mean (IQR) 65.47 (37.00) 49.94 (19.50) .099*  59.66 (32.25) 45.06 (14.25) .500*

Comparison of mean baseline (T1) Area Under the Curve values for ADP, TRAP and COL for patients with either
confirmed dengue or probable dengue (grouped together, n=35) to the length of hospital stay. * P-values
calculated using Mann-Whitney U test. **Normally distributed data (Shapiro-Wilk >.05), statistical analysis
using independent samples t-test.

Validity of MultiPlate results versus thrombocyte counts

The internal validity of results reported in the MultiPlate analysis depends on the reported
thrombocyte counts (see discussion). Moreover, as mentioned earlier, compared with the fever of
another origin group, thrombocyte counts were significantly lower in the DENV-confirmed group.

Furthermore, the same holds true for ADP, TRAP and COL AUC. Using Spearman’s correlation we

Erasmus University Rotterdam Za.{wxg





Point-of-care thrombocyte function testing using multiple-electrode aggregometry in dengue patients

checked whether thrombocyte counts at baseline correlated to ADP AUC at baseline. While we
found no correlation for DENV-confirmed and DENV-probable rs(35) =.231, p=.181, we did find a

significant positive correlation for the fever of another origin, rs(24) = .765, p<.001.

Clinical implementation

With the data reported in the previous paragraphs, we could potentially provide additional
decision-making rules based on information that is readily available to the treating physician.
First of all, a binary linear regression analysis was run to calculate odds-ratios for assignment
to the DENV-positive/DENV-probable group, based on ADP values on baseline, the presence of
leukocytopenia (<3.6x10°/L) and the presence of thrombocytopenia (<150x10°/L). For this analy-
sis, cut-off values for ADP AUC baseline of <40, <35 and <30 were chosen. As can be deducted
from Figure 3., as well as the calculations mentioned earlier, in the current study this range of
ADP AUC values would seem to be specific to DENV patients. DENV-confirmed/DENV-probable
could be predicted from the whole study population (72.9% correct) by using an ADP cut-off
of < 40 (B = -2.189 p = .003) and establishing the presence of leukocytopenia (B = 20.410 p =
.998) and thrombocytopenia (B = .384 p =.611). If there is no leukocytosis (i.e. leukocyte count
<11.0x10%/L), the overall percentage of correct study-group prediction in the model increases to
83.1%, with the following characteristics: ADP cut-off of < 40 (B =-2.383 p =.003), leukocyte count
< 11x10°/L (B = 21.878 p = .998), thrombocytopenia (and leukocytopenia or normal leukocyte
range (B =22.18, p =.998), constant (B =-17.206 p =.999). Secondly, to further simplify the model,
we found that presenting with a headache as a clinical parameter with ADP AUC values could
predict 79.7% of the cases (ADP < 40 3 =-2.669 p <0.001, headache = 1.459 p<0.043, constant
B = 3.429 p <0.003).

Trends in MultiPlate values on follow-up

Additionally, Figure 3. also shows ADP (3a), COL (3b) and TRAP (3c) values during follow-up at day
1 and day 7 (+/- 48 hours). Due to the discharge of subjects, the number of available follow-up
samples is limited. In the fever of another origin group, AUC values for ADP, COL and TRAP are
stable (not significantly different) during follow-up. For the DENV-probable group, a significant
recovery of ADP is observed from baseline to day 1 follow-up (a mean ADP AUC of 34.85 at base-
line and 43.37 at day 1 follow-up respectively; p=.009 using paired samples t-test). For COL and

TRAP this was not the case (tested with paired samples t-test for all time points and study groups).

DISCUSSION

We assessed thrombocyte aggregation in acute DENV cases using multiple-electrode aggregome-
try (MultiPlate). Our data suggests that UAC values of ADP are not only significantly lower in acute
DENV cases, but that they might also be associated with a prolonged hospital stay and could
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therefore support the estimation of disease severity. To the best of our knowledge this is the
first study that has applied short-turnaround time thrombocyte aggregation tests in acute DENV
cases. This explorative data contributes to the understanding of thrombopathies as result of a
DENV infection and we suggest that thrombocyte aggregation tests, such as the MultiPlate, could
be further studied in the clinical assessment of DENV-suspected patients.

The presence of DENV non-structural protein 1 (NS1) antigen in blood is known to relate to the
early stages of DENV (32). Subjects classified as “DENV-probable” in the current study, comply
with the WHO DENV case description (28), but tested negative for NS1. This could be explained
by the potential neutralisation of the NS1 antigen in re-infected patients in a highly endemic
area, or the diagnostic inaccuracy of the available tests, or a delayed clinical presentation — as
subjects classified as “DENV-probable” had a longer self-reported duration of fever, compared to
the “DENV-confirmed” subjects. Diagnostic methods with high sensitivity and specificity for the
detection of DENV NS1, including reverse transcriptase PCR (RT-PCR), were not available here
(33) and no convalescent samples with sufficient time-intervals (i.e. to detect fold rise in antibody
titers) were collected for logistical reasons. The alternatively used enzyme-linked immunosorbent
assay (ELISA) for DENV NS1 detection (34) marginally outperformed the NS1 rapid testing in our
study. In future, point-of-care approaches with a lower limited of detection, might find its way
into resource limited settings, and could be used instead (35). Circulating DENV serotypes that the
authors were not aware of during the study period might have affected the accuracy and overall
result found, because, as was previously shown, compared with other serotypes the sensitivity
of detecting NS1 for DENV-2 and DENV-4 serotypes, in particular, is somewhat limited (36). This
might explain why the number of confirmed DENV cases doesn’t correspond with other studies.
These report a higher number of confirmed DENV (albeit, using more extensive diagnostic assays)
in similar settings of up to 72% (37, 38). Furthermore, according to recent data from Surabaya, in
studies conducted by Wardhani et al, up to 66% of adults admitted with fever tested positive to
the DENV NS1 rapid test (39). Based on a recent multicenter observational cohort study, the num-
ber of severe dengue cases in Indonesia is as low as 2.3% (40). The small number of participants in
our study thus limits the occurrences of severe dengue cases. In addition, possible selection bias
might have impacted both the numbers shown in these studies and the numbers that we report,
because the design of the study meant that we had to rely on less sensitive, point-of-care testing.
In several studies, the complex role played by NS1 in cytokine release, endothelial disturbances
and complement activation is discussed, as well as the both protective and detrimental effects
attributed to NS1-specific antibodies during a secondary disease episode (41). As this was not
part of our objectives and given the small numbers in our study, no conclusions have been drawn
from NS1 positivity and its relation to disease stage (i.e. the tendency, or otherwise, of devel-
oping bleeding complications) versus MultiPlate results. Clearly, the “fever of another origin”
group is both anamnestic as well as biologically different, as is characterised, for instance, by a
thrombocytosis and leukocytosis. As the authors are not acquainted with any other research on

viral cases and usage of MultiPlate, besides the studies of Laine and colleagues (24) on Puumala
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orthohantavirus patients, it should be considered whether the significantly lower AUC values of
ADP, COL and TRAP in DENV cases are virus-specific or whether they can be attributed to viral
(haemorrhagic fever) infections in general. Given the extent to which thrombopathy is a hallmark
in DENV infections, it is likely to fit with only a small number of viral infections, orthohantavirus
and DENV included. In any case, from our data it would seem that a clear clinical suspicion of
DENV infection (i.e. by first applying WHO 2009 clinical decision rules) and low AUC ADP values
on hospital admission relates to a prolonged hospital stay.

The exact route by which DENV induces thrombopathy, of which ADP, COL and TRAP values mea-
sured by MultiPlate are a representation needs further study. In recent studies, for instance, the
modulation of DC-SIGN and FcYR2A receptor expression on thrombocytes, was suggested to have
a protective effect because it prevents tissue damage due to thrombocyte aggregation (42). While
targets for ADP, TRAP and COL might still be active, our results could support such findings in a
way that the ability to stimulate thrombocyte aggregation is still possible thru ADP, TRAP and COL,
but the resulting cascade to aggregation is impaired. Trends to a stable recovery of ADP, TRAP and
COL induced platelet aggregation can be observed in the D1 data, as well as in the sparse data
available from D7 +/- 48 h. Also, recent in-vitro studies have shown that there are morphological
changes in thrombocytes during DENV infections with changes in angiogenic and inflammatory
profiles. This could possibly support our findings of impaired coagulation when thrombocytes are
externally stimulated by means of ADP, TRAP and COL. Future studies should investigate whether
this for instance might be due to conformational changes in receptor binding sites (13).

Results reported in the MultiPlate are a reflection of the potency of thrombocytes to aggregate
in a fixed amount of time. However, the results are also influenced by the absolute numbers of
thrombocytes, as has been reported in previous studies (30, 43). For this reason, the arbitrary
thrombocyte count of at least 100x10°/L was chosen. Furthermore, the use of medication that
could potentially interfere with MultiPlate reliability was considered as an exclusion criterion.
Surprisingly, we found a positive and significant correlation for thrombocyte counts in the fever of
another origin group versus ADP AUC at baseline. We could not replicate this correlation for the
low ADP AUC values that seem to be specific to the DENV group, which strengthens our findings.
Also, in this regard no significant observations could be made for the whole study group (data not
shown). It might therefore be likely that the low ADP values that we observed are DENV-specific
for those with a thrombocyte count of > 100x10°/L at baseline.

A significant proportion of the regions in which DENV is endemic comprises countries that are
considered low- to middle-income and in which some of their healthcare systems are character-
ised by having limited resources, from both a diagnostic and financial point of view. In outbreak
situations, in particular, when many people might be simultaneously in need of medical care, the
number of patients presenting at a hospital can easily exceed its capacity. Fast, reliable and cost-
effective diagnostics that, preferably, predict the need for admission and/or intensified follow-up,
would thus be highly relevant in these settings. Once set-up and validated using blood of healthy

controls, the MultiPlate offers a fast turn-around time of less than 10 minutes and at a cost that

Erasmus University Rotterdam Zo\/uap

13





14 Erasmus Medical Center Rotterdam

is comparable to routine haematology and biochemistry laboratory tests. The combination of
decreased aggregation, leukopenia and clinical signs like headache for rapid DENV diagnosis
should be further studied, but our results so far suggest a potential role of thrombocyte function
tests. Its eventual complementary role to molecular or ELISA/rapid based DENV diagnostics would
however need further study. For this, we suggest that future studies should include molecular
techniques to detect acute DENV, be conducted in several continents and be complemented with
molecular testing on other viral haemorrhagic fevers. This then does not only account for circulat-

ing DENV serotypes but also defines the validity of our results for other haemorrhagic fevers.

CONCLUSION

In this explorative study of measuring whole blood aggregation of thrombocytes using ADP, COL
and TRAP, we have found potentially relevant insights in thrombocyte function in acute DENV.
While future exploration is needed, such tests potentially serve as an additional marker in acute
DENV. These findings should be further explored in more extensive cohort studies or in outbreaks
where the number of patients presenting to a hospital with symptoms of DENV exceeds the avail-

able hospital capacity.

Supplementary data 1

For all patients, the treating physician was requested to score the following dengue signs/symptoms (follow-
ing the WHO dengue 2009 guidelines — see main text for reference):

-Headache

-Leukopenia

-Muscle/joint pain

-Nausea/vomiting

-Rash

-Retro-orbital pain

-Swollen glands

Firstly, all subjects were tested for the presence of DENV NS antigen with a DENV NS1 rapid test (Panbio
® Dengue Early Rapid) and DENV NS1 ELISA (Panbio® Dengue Early ELISA dengue NS1) according to the
manufacturer’s specifications. Those that tested positive (i.e. above the manufacturer-specified and/or per
calculated cut-off value according to the manufacturer’s instructions) were classified as “Dengue confirmed”.
Secondly, for other enrolled subjects, a differential diagnose list was made by the supervising infectious
diseases specialist. Patients whose fever was probably attributable to a different cause, such as suspected
pneumonia, urosepsis or typhoid fever, for example, were classified in the group “fever of another origin”.
Those admitted with an unclear cause of fever, due to having less pronounced symptoms, for example, were
evaluated in accordance with dengue signs/symptoms as mentioned previously and, if accompanied by two
or more positive signs/symptoms, were classified as “probable dengue”.

Patients in which DENV infection was more than likely, but who were negative for NS1 ELISA, were evaluated
in accordance with dengue signs/symptoms and, if accompanied by two or more positive symptoms were

classified as “probable dengue”.
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ABSTRACT

Background

The fast-growing population of immunocompromised patients (ICP) is more vulnerable to infec-
tious diseases, demanding strategies to protect them. These strategies seem inconsistent in
available guidelines and in practices. We aim to evaluate healthcare professionals’ (HCP) opinions

on vaccination to reduce the number and severity of infections in ICP.

Methods

A mixed-method study, with an exploratory sequential design, was performed. Medical specialists
from various departments in a tertiary care center in the Netherlands were invited for semi-
structured interviews to explore their perspective on preventive care of ICP. Topics that play a
substantial role in daily practice for ICP were translated into a survey to gain insight into what

extent opinions were generalizable to Erasmus Medical Center.

Results

Surveys were completed by 689 HCP (43% of the invitees), 269 of them treated at least two ICP
weekly on average and were considered eligible for further analysis. Quantitative data showed
that according to 80 percent of HCP, preventive care for ICP can be improved. Education was
chosen by 40 percent as the most important intervention to reduce the number and severity
of infections. Vaccinations were valued as important by seventeen percent of HCP. Except for
influenza, vaccinations were not regularly discussed during routine consultations. Difficulties to

administer vaccinations were experienced by 75 percent of HCP.

Conclusion

According to our respondents, education is the most promising intervention to reduce the num-
ber and severity of infections in ICP. To reach a higher vaccine uptake, we recommend HCP to
address vaccinations more frequently during consultations and to search for solutions to alleviate

barriers to vaccinate.
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INTRODUCTION

Continuously evolving treatment strategies for chronic diseases result in limited disease burden
and better survival rates in patients. Part of these diseases or their treatments result in an im-
munocompromised state, defined as a diminished function of the immune system. This makes
the heterogeneous group of immunocompromised patients (ICP) more vulnerable to infectious
diseases (1-2). Several pharmacological and non-pharmacological strategies are available to
decrease the number and severity of infections.

While most pharmacological approaches rely on their product characteristics, successful immuni-
zation relies both on the patients’ immune system and on vaccine characteristics. An interaction
between numerous cells, receptors and cytokines is required to mount an effective immune
response (3-4) — hampered in ICP. Furthermore, vaccine-safety should be considered, especially
for live-attenuated vaccines — as in ICP these vaccines might induce serious adverse events (5).
Strategies to prevent infections in ICP, such as vaccination and education, are often mentioned in
(international) guidelines (6). These guidelines are usually concentrated to a specific disease or
treatment and might differ on international, national and hospital level. In practice, this results
in heterogeneous patient management. Moreover, awareness of the immunocompromised state
in both healthcare professionals (HCP) and ICP, as well as availability of the vaccination status,
seems suboptimal (7-9).

With this mixed-method study, we assess opinions of HCP on strategies to prevent infections
in ICP and corroborate these findings in a tertiary care center. This involves HCP from multiple
departments as well as HCP with various levels of experience and interactions with ICP. By ad-
dressing possible improvements from the HCP perspective, we formulate suggestions and recom-

mendations to optimize preventive care for this vulnerable group of patients.

METHODS

Study design and population

This mixed-method study was conducted from December 2015 to December 2017 in the Erasmus
Medical Center (EMC), Rotterdam. This 1320 bed hospital is considered as the largest tertiary
center in the Netherlands (10). We used an exploratory sequential design, consisting of semi-
structured interviews with medical specialists, followed by a hospital-wide survey containing
closed-ended questions. The interviews were used to discover key topics that play a role in
preventive care for ICP. Subsequently, using surveys, we tested whether colleagues share these
opinions (11). In this study, HCP are defined as a comprehensive term for medical specialists,
residents (both in training and not in training), physician researchers as well as nurse practitioners

(NP) and nursing consultants (NC).
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Qualitative data collection and analysis

We invited medical specialists from various departments (Supplementary Table 1), who are
actively involved in preventive care for ICP, by e-mail for interviews held between December 2015
and April 2016. One researcher (WJ, J) conducted the semi-structured interviews while another
researcher (LD, Q) made field notes. Both researchers are medical doctors with an additional
position at the in-house travel clinic. After informed consent was signed and the purpose of the
study was introduced, 30-minute interviews were held in interviewees’ or researchers’ offices
and audio was recorded. A topic list, based on clinical experience, guidelines and literature (9),
(12-15), was used to assess: field of work of HCP; characteristics of ICP within their department;
availability and usage of guidelines; practices with regards to prevention of infections, in particular
vaccination and education; presence of any barriers to vaccinate; and suggestions for improve-
ments in preventive care. After data saturation was reached, data was transcribed ad verbatim
by either LD, MH, WJ or KW. Transcripts were read and key themes were manually labeled by LD
and WJ (open coding). Overarching ideas were discussed in the research group, and subcategories
were generated for a broader understanding of the key categories by constant comparison (axial
coding) (16).

Quantitative data collection and analysis

Recurrent themes from the qualitative part of the study were used as a framework for the
major topics in the survey with closed-ended questions. The main topics of the survey were:
characteristics of ICP; vaccination practices; preventive care; knowledge and awareness of the im-
munocompromised state; usability of guidelines; and management of travel plans. A draft survey
was piloted with one medical specialist (EG), three residents, two NPs and a medical student.
We used LimeSurvey (17), an online survey tool, to invite 1723 HCP that possibly treat ICP (refer
to Supplementary Table 1 for a list of invited departments). The survey was set-up using unique
one-time use invites and was available from November 27, 2017 until December 20, 2017. To
increase the response rate, we requested interviewed HCP to bring the survey to the attention of
their colleagues and we sent out two reminders.

Baseline characteristics of all respondents were recorded. To select a study population that was
representative for HCP that routinely treat ICP, successive data was collected from respondents
who, on average, treated two or more ICP weekly. Data was analyzed with IBM SPSS Statistics 24
(18) and represented with Graphpad Prism 5 (19).

Descriptive methods were used to summarize the survey findings. To assess whether differences
in opinions exist between specific groups of HCP (e.g. nurses versus medical doctors), we used a

Mann-Whitney test. P-values < 0.05 were considered significant.

Ethics

Written informed consent was obtained from all interviewed HCP. Data obtained in this research

was stored on a local drive that was only accessible to LD and WJ. Referrals to natural subjects
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were coded. LimeSurvey data was stored on Erasmus MC servers. A statement of implicit informed
consent at return of the survey was included on the first page of the survey. In consultation with
the Medical Ethical Research Committee of Erasmus MC, this study was exempted from review
according to the Dutch Medical Research Involving Human Subjects Act (20). No plausible harm
to participants could arise from this study. The study complied with the Netherlands Code of Con-

duct for Scientific Practice from the Netherlands Federation of University Medical Centers (21).

RESULTS

The qualitative component of this study resulted in twelve interviews with middle aged medical
specialists, seven males and five females. A third of the interviewees was already acquainted
with the researchers. Fifteen specialists were invited. Non-participation (n = 3) was due to limited
affinity with the topic. Two specialists referred to a colleague. The interviews resulted in four main
topics being: characteristics of HCP and ICP; daily practices and responsibilities; travel opportuni-
ties and precautions; suggestions for improvement.

The quantitative component resulted in a response rate of 40 percent (n = 689) (baseline charac-
teristics shown in Supplementary Table 2). As shown in Figure 1, our main results comprised data
of HCP treating more than two ICP weekly (n = 269).

We first describe the qualitative results including quotations of medical specialists, followed by

the quantitative results supported with figures.

Qualitative results

Characteristics of HCP and ICP

Interviewees described heterogeneity in the immunocompetence of their patient populations.
Some medical specialists stated that they often diagnose and initiate treatment in immunocom-
petent patients; others stated that they treat patients using immunosuppressive therapies (e.g.
biologicals), initiated in another, often secondary care, center.

“More than half of our immunocompromised patients become immunocompromised by the
medication we start.” (ZS004)

Daily practices and responsibilities

Interviewees iterated the fact that ICP have to adapt to a substantial amount of information with
regards to therapy, preventive measures and life rules. This education is provided predominantly
during consultations, complemented by guidebooks and newsletters. Several medical specialists
mentioned the complementary role that is appointed to NP and NC for educating ICP:

“We implemented a dedicated consultation hour with an experienced resident in training. A NP is

involved to take care of the follow up” (Z5007)
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Eligible from records (n= 1723)

4" Opted out: 53 ‘
.| Temporarily out-of-office*: 27
Permanent out-of-job: 29
4% No response: 925 ‘
A

| Eligible for analysis (n=689) l

A

Treats no ICP (n=164) or unknown ’ Treats < 2 ICP per week (n=240) ‘ | Treats 2 2 ICP per week (n=283) ‘
(n=2)

Invalid response**: 14

‘ Analyzed (n=269) ‘

ICP = Immune compromised patient(s)
* due to holiday, maternity or sick leave, etc.
** no data available regarding ICP

Figure. 1. Flowchart according to CONSORT statement for quantitative component. Consolidated Standards
of Reporting Trials (CONSORT) flowchart delineating the number of eligible healthcare professionals for the
quantitative component of this mixed-method study. ICP = Immunocompromised patient(s) *due to holiday,
maternity or sick leave, etc. **no data available regarding ICP.

One of the preventive measures stated is vaccination, preferably done during a screening period,
ahead of surgical interventions and/or start of immunosuppressive therapy. Most interviewees
questioned the effectiveness and the extent of protection of vaccinations:

“... everyone struggles with the same question: is it (the sum of vaccinations administered to ICP)
too much or too little?” (Z5003)

Interviewees underlined the need to consider to vaccinate their patients. Almost all specialists
stated that they advise ICP to get a yearly influenza vaccination at their general practitioner. Some
raised questions about whose role and responsibility it is to administer and register vaccinations.
“The treating physician should take the responsibility for vaccinations that are medically indi-

cated, in case of traveling: it’s the patients’ responsibility.” (ZS005)

Travel opportunities and precautions
Interviewees mentioned that the quality of life of their patients has improved over the last years,
increasing possibilities and willingness to travel. In some situations, treating physicians discour-

age patients to travel outside Western countries, particularly due to the risk of travel-related
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infections. Occasionally, patients ask their physician for travel advice, while others travel to tropi-
cal countries without prior notice.

“We see quite some second or third generation people (with a history of migration) travelling to
visit their grandparents without notification. | consider it as a tropical journey, in their opinion it’s

not, it remains a risk.” (ZS008)

Suggestions for improvement
To the opinion of interviewees, there is room for improvement:

“Infections are a problem, progress remains to be made.” (Z5001)

Mentioned areas of concern in preventive care are: accessibility of specialized vaccination clinics;
frequency of interdisciplinary consultations; expense coverage of vaccinations; limited evidence
and recommendations on vaccinations and antibiotic prophylaxis in guidelines. Some medicals
specialists are not informed about the overall vaccination status:

“... the vaccination status of my patient? | got no clue!” (ZS005)

Quantitative results

Characteristics of HCP and ICP

Relevant characteristics of HCP are given in Table 1. The quantitative results concerning heteroge-
neity of immunocompromised states at first contact with HCP correspond to the interview data.
More than half of the patients were considered to be moderately (score 3) to severely (score 4)
immunocompromised at first presentation, as scored on a five point Likert scale, ranging from not
immunocompromised to worst stage of immunosuppression. Thirteen percent of the patients
were considered to be not immunocompromised at their first presentation.

We asked HCP to evaluate their own knowledge and the knowledge of their patients about strate-
gies to prevent infections in ICP. The HCP scored themselves a mean score of 7 (SD 1.66) and

patients a mean score of 5 (SD 1.89) on a 1-10 scale (1 = very bad and 10 = excellent).

Daily practices and responsibilities

The majority of respondents (71%) agreed it is the treating physician and their team’s responsibil-
ity to administer vaccinations in case they consider it as a part of adequate treatment for the
ICP. As shown in Figure 2, the majority of HCP (84%) are aware of guidelines containing recom-
mendations regarding vaccinations and other preventive strategies that are applicable to their
work field. In contrast to the qualitative results, to less than fifteen percent of respondents, the
available guidelines are insufficient to be used in preventive care for ICP.

A comprehensive overview of the reported frequency of discussing vaccinations at distinct depart-
ments is represented in Figure 3. In line with the qualitative data, influenza is the most frequently

discussed vaccine and is addressed in the consultations of 70 percent of respondents. When HCP
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consider vaccinating their ICP, up to 75 percent indicated that they experience difficulties. Most
important barriers to vaccinate were timing issues (42%), logistical obstacles (30%) and financial
problems (19%). Timing issues included short time to start of immunosuppressive therapy or
transplantation. Concerns of limited interdisciplinary consultations raised by the interviewees,
were not shared by the surveys’ respondents, as 84 percent was satisfied with the frequency of
consultations with other HCP regarding care for ICP (176 out of 209). Most HCP consulted their

colleagues weekly to monthly (28%) or monthly to few times a year (32%).

1004 o
50 Il Not sufficient
| @B Sufficient, limited proof
< 40 3 Sufficient, proof unknown
'g - [ Sufficient, good quality
°
S 20 4 Respgndents N=2§9
% No guidelines available
& 10 according to N=42
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@ & &
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3 &
& ¥
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Guidelines

Figure. 2. Availability and opinion of HCP on guidelines that discuss preventive measures. Availability and
opinion of HCP on hospital specific, national and international guidelines that discuss preventive measures to
prevent infections in ICP. According to 42 respondents, no guidelines addressing care for ICP were available
to them. One answer per guideline category was allowed. HCP = Healthcare professional(s). ICP = Immuno-
compromised patient(s).

Travel opportunities and precautions

The majority of HCP (65%) indicated to regularly discuss travel plans during their consultations.
The topic seems to be discussed most frequently at the departments of Rheumatology, Gastroen-
terology and Pulmonology and least frequently at the departments of Surgery, Dermatology and
Acute Medicine (Supplementary Figure 1). Nurses reported to discuss travel plans more often
than doctors do (p = 0.001). The follow-up actions of HCP in case ICP informed them about their
travel plans are summarized in Figure 4. The majority of respondents indicated to refer their
patients to a specialized travel clinic. 3.2.4. Suggestions for improvements

In line with the qualitative data, 80 percent of HCP agreed that there is room for improvement
with regards to the prevention of infections in ICP (data available from 248 HCP). Up to 40 percent
agreed that education is the most important tool to reduce the number and severity of infections
in ICP. To other respondents, refining infection control in the hospital (16%); usage of (prophylactic)
medication (13%); or vaccination (13%) is of most importance. According to seventeen percent, the

infections they face are not preventable; two percent answered that there are no or few infections.
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Figure 3. Frequency of discussing vaccinations during consultations. The frequency of discussing vaccinations
by HCP during patient consultations, represented as overall (A) and per department (B-L). The number of
responses, represented by the responses for influenza vaccine, is shown below the graphs.
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own department
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Figure. 4. Infographic follow-up actions of HCP if ICP has travel plans. Infographic showing follow-up actions
of HCP if their ICP indicate they have travel plans. Results are shown per type of profession. HCP = Healthcare
professional(s). ICP = Immunocompromised patient(s). NP/NC = nurse practitioner/nurse consultant.

DISCUSSION AND CONCLUSION

This mixed-method study showed that according to the majority of HCP, there are opportunities to
further enhance prevention of infections in ICP. Education, as method to optimize knowledge, was
chosen by forty percent as the most promising method. Accordingly, HCP graded the knowledge
of their patients as insufficient. In addition, one out of seven HCP agreed that ICP could benefit
from vaccinations as method to prevent infections. Despite being recommended in guidelines and
valued as important, vaccinations are not discussed by default during consultations. Moreover,
even when recommended in guidelines, many HCP experience timing issues and other barriers
to vaccinate their ICP.

The agreement of HCP from different specialties on the added value of education as method to
prevent infections is striking. Vaccination as strategy seems less important to HCP, which might
be explained by the limited evidence of vaccine effectiveness in specific populations, as reported
in the interviews. Furthermore, the limited ability to prevent a wide range of infections might
play a role. Addressing behavior by education therefore seems to transcend the effects that vac-
cinations induce by means of preventing a smaller number of infectious diseases. On one hand,

individualized education is time consuming, while on the other hand, the heterogeneity of ICP
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is a complicating factor in the provision of general applicable information. Limited frequency of
discussing vaccinations during consultations might be due to short time. In addition, difficulties
in timing, logistics and finances, could withhold HCP to discuss vaccinations and act accordingly.
In comparison to studies that tested knowledge of HCP with closed-ended questions (9, 22), the
HCP in this study rated themselves ‘rather good’ on knowledge about methods to prevent infec-
tions. The variation in the reported frequencies of discussing vaccinations seems in line with stud-
ies where immunization histories indicated vaccination rates of 24—70 percent for recommended
vaccinations (12). Several strategies are known to reduce the number or severity of infections in
ICP. For example, in post-transplantation patients, both influenza vaccination and early antiviral
treatment reduced the severity of influenza infections (23). In asplenic patients, pneumococcal
vaccination, sufficient knowledge level about risks and the usage of prophylactic antibiotics, were
associated with a reduction of overwhelming post splenectomy infections (24).

Previous studies showed that vaccine uptake increases both in case HCP promotes vaccination
and if the ICP has sufficient knowledge on recommended and contraindicated vaccinations (25),
(26). Since the frequency of discussing vaccinations and the estimated knowledge of ICP were low
in our study, this warrants further attention.

Based on our findings we suggest addressing the following:

First, and according to the data of this study most importantly: integrating a method of education
in preventive care of ICP could support reducing the number and severity of infections in this
patient population.

Second, efforts should be made to reach a higher vaccine uptake for vaccinations that are known
to contribute in the prevention of infections for ICP, by discussing them more frequently during
consultations. Especially, during the first HCP visit, still a substantial part of ICP is not yet im-
munocompromised, and is at that time more likely to mount an effective immune response to
vaccination.

In order to increase knowledge and achieve a higher vaccine uptake in ICP, the following interven-
tions are suggested: telephone support programs by HCP (27); targeted information campaigns
(28); solid online information resources (29); electronic health record patient portal messages
(30), (31); involvement of pharmacists as educators (32); automated telephone communication
(33). The optimal strategy to educate ICP remains to be investigated.

Third, we propose to actively track down barriers to vaccinate and solve them in a multidisci-
plinary approach, incorporating HCP, policy makers, insurance companies and other funding sup-
pliers. Timing issues, which can only partly be resolved due to possible short intervals between
diagnosis and start of immunosuppressive therapy, could diminish if acted upon in secondary
and primary care centers. We suggest healthcare centers to support HCP by alleviating logistical
barriers such as starting a dedicated vaccination clinic or appoint HCP in a consulting role for ICP
and vaccination advice.

In addition, we want to stress the importance for HCP to be aware of risks involved with in-

ternational travel. Travel-associated risks can be integrated in patient education, as increasing
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quality of life in ICP due to evolved treatment strategies might increase the willingness to travel
(34). Studies showed that up to two-third of ICP travelled to high risk destinations while being
immunocompromised, while only 55 to 69 percent sought pre-travel advice (14,35).

For this study, some limitations have to be taken in mind when interpreting the results. The study
was conducted in a single tertiary care center, limiting the external validity to other centers. For
the interviews, we only invited medical specialists, for their clinical experience as senior HCP. This
approach has left the opinions of nurses and residents unnoticed, partly redressed by involving
them in pilot-testing of the surveys. Internal validity was strengthened by inviting all HCP that
possibly treat ICP; it however resulted in small number of responses for some departments. We
therefore chose to display the HCP as one group, highlighting remarkable results per subgroup.
Following HCP’s opinions, education is considered as most important strategy to reduce the
number and severity of infections in ICP. Improved levels of knowledge of ICP about their immu-
nocompromised state; risks for infections; and recommended and contraindicated vaccinations
could contribute to the prevention of infections. The optimal method to deliver education is an
important topic to elaborate on in future research. In parallel, solving issues that retain HCP to
vaccinate could increase the frequency of discussing vaccinations and the vaccine uptake. As the
immunocompromised population is increasing, we encourage HCP to contribute to integrative

approaches that implement education, vaccinations and other measures to prevent infections.
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Supplementary figure 1. Frequency of discussion travel plans during consultation
The frequency of discussing travel plans by HCP during patient consultations, represented per department

and overall.

Supplementary table 1. List of involved departments

Qualitative component Quantitative component

Departments Specialization of interviewees (n)

As named in analyses
Acute Medicine
Acute Medicine
Cardiology Heart transplantations (1)
Dermatology Immunosuppressive therapies (1)

Ear, nose and throat

IBD (1)
Gastroenterology Liver transplantations (1)
Gynaecology
Gynaecology

Internal Medicine

Asplenia (1)

Internal Medicine

Internal Medicine

Internal Medicine
Medical Microbiology
Neurology/neurosurgery
Neurology/neurosurgery
Other

Pediatrics

Pediatrics

Pulmonology
Radiotherapy
Rheumatology

Surgery

Urology

Stem cell transplantations (1)
Primary immunodeficiencies (1)

HIV (1)
Renal transplantations (1)

Various (1)

Lung transplantations and CF (1)

Immunosuppressive therapies (1)

Invited departments
As named in EMC

Emergency medicine
Intensive Care
Cardiology
Dermatology

Ear, nose and throat

Gastroenterology
Gynaecology
Obstetrics & Gynaecology

Geriatrics

Haematology

Immunology

Internal Medicine
Medical Microbiology
Neurology/Neuroscience
Neurosurgery

Other departments
Pediatric surgery
Pediatrics
Pulmonology
Radiotherapy
Rheumatology
Surgery

Urology

IBD = inflammatory bowel disease, HIV = human immunodeficiency virus, CF = cystic fibrosis
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Yellow fever vaccination for
immunocompromised travellers:
unjustified vaccination hesitancy?
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Yellow fever vaccination for immunocompromised travellers

The evolution of treatment strategies has reduced the burden of disease, and for many people,
the resulting improved quality of life has opened up travel opportunities. The necessary prepara-
tions for such travel often include getting vaccinated against a number of infectious diseases.
However, for the immunocompromised traveller, live-attenuated vaccines, such as the YF vaccine,
are usually contraindicated, because the health benefits usually do not outweigh the safety profile
offered by the vaccination. Given that the principle “first, do not harm’ prevails, travel medicine
guidelines dictate that live-attenuated vaccines should not be administered to such patients
(1). Instead, travel to YF-endemic countries is discouraged. This standpoint changes, however,
when such a patient plans to travel frequently to an endemic region or intends to emigrate to
one. In some cases, reasons such as family matters, job opportunities or work obligations leave
little room for a change of plan. There is limited evidence that demonstrates that the YF vaccine
may be adequately tolerated by immunocompromised patients and will induce the formation of
antibodies in them (2).

Outbreaks and sporadic cases of YF in humans can occur, and these outbreaks can have a huge
impact on a region and on global resources. For example, mass vaccination campaigns to protect
people against YF can be implemented in regions in which the vaccination was previously not
recommended or in which vaccine coverage was below the herd immunity target threshold.
Frequent travel or emigration to such a region would put unvaccinated immunocompromised
hosts at risk of contracting YF. Repeated requests by two patients made us re-evaluate the con-
siderations described above, particularly bearing in mind that vaccination is the most effective

way of combatting YF.

Patient A is a 25-year-old male who underwent liver transplantation, for which he uses tacrolimus
(Advagraf), 5 mg g.d. His employer, a shipping company, wanted him to be vaccinated against
YF. Given that he frequently visited YF-endemic regions in both South America and Central/West
Africa, we considered it a potential health risk for him to travel unvaccinated. He was informed
about the characteristics of the YF vaccine and the risks that vaccination would expose him to
while using immune-suppressive therapy. Azevdo et al. (3) published case series of YF-vaccinated
patients using lower to similar dosages of tacrolimus. Based on the work of Visser et al. (4), having
reviewed the SmPC of tacrolimus and after consulting a senior infectious diseases specialist, an
immunologist and a hospital pharmacist, we adjusted the tacrolimus dosage to 3 mg. After 7
days (doubled half-life of tacrolimus), the patient was vaccinated with Stamaril (live-attenuated
17D-204 YF vaccine, according to the manufacturer’s specifications). The patient reported no
complaints of reduced well-being. Moreover, after taking the patient’s temperature twice a day
for 14 days after the vaccination, no fever was detected. Using real-time reverse transcription
polymerase chain reaction, (5) no viral RNA was detected on Days 3, 7, 14 and 21, post-vaccination.
No changes were observed in routine haematology and chemistry laboratory tests. Twenty-one
days post-vaccination, using Indirect Fluorescent Antibody (IFA) assay, we detected IgG antibod-

ies, which persisted for at least 325 days post-vaccination. Using a Virus Neutralisation Test (VNT),
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neutralizing antibodies to the 17D-204-vaccination strain were detected on Days 14 and 21 (1:102
and 1:203, respectively).

Patient B is a 35-year-old female. Since the age of 10, she has been followed at outpatient clin-
ics for Sjogren’s syndrome, secondary to a systemic lupus erythematosus. Recently, pulmonary
involvement, including pleurisy and intra-pulmonary lesions, became apparent so she was initially
treated with high-dosage steroids, followed by maintenance therapy with mycophenolic acid
(CellCept) 1500 mg b.i.d. Her treating immunologist considered giving her YF vaccination because
her studies required that she do internships in Central and West Africa. Furthermore, she would
have to travel to these regions on a more frequent basis during future jobs. Given that YF contin-
ues to affect people in several regions of Africa, (6) the treatment team concluded that she was
exposed to a real risk of contracting YF in future. CellCept has a non-competitive and reversible ef-
fect on lymphocyte function and a relative short half-life of less than 24 hours. With an estimated
5 days of immunosuppressive effect (4) and in the absence of disease activity, her treatment was
interrupted for 14 days and she was vaccinated with Stamaril. During follow-up, we observed no
signs of relapse of disease activity, both clinically and biochemically. Furthermore, no vaccination-
related complaints were observed up to 14 days after vaccination. In blood collected on Days 4, 7,
11, 18, 25 and 46, we were not able to detect viral RNA nor I1gG antibodies by an IFA (see above).
However, using VNT, we found neutralizing antibodies on Day 46 (1:40). Due to an increase of
the symptoms related to her known disease, treatment was restarted 4 weeks after vaccination.
About 15% of YF-infected individuals develop YF intoxication, which is characterized by remit-
ting fever and organ failure, ultimately culminating in multi-organ failure. The limited treatment
options that are available are a major reason for the 20-50% fatality rate in this group (7).
While healthcare professionals should follow the principle of “first do not harm’ (1) and advise
immunocompromised patients to consider changing their travel destination, we encourage these
professionals to rethink this position. The YF vaccines that are currently available are based on the
attenuated 17D strain and are typically safe and effective (2). About 600 million people have been
vaccinated with them worldwide. Cases of neurotropic and viscerotropic disease (YEL-AND and
YEL-AVD, respectively) after vaccination have been documented, but with incidence rates below
7 per 1 million vaccinations administered (8). For known risk groups with a (relative) contraindica-
tion—such as babies <6 months, people with a thymus disorder, people aged >60 years, patients
with multiple sclerosis or cellular or humoral immune disorders (e.g. using immunosuppressants)
or human immunodeficiency virus-infected people with a CD4 count below 0.5 x 10°/L—an
increased risk of developing YEL-AND and YEL-AVD has been documented. However, conclusive
statistics are lacking, due to heterogeneity and bias in different studies.

It is sometimes unclear which follow-up actions healthcare professionals should take when immu-
nocompromised patients indicate that they intend to travel or emigrate to YF-endemic regions. It

could be argued that issuing only the so-called “waiver’—a document informing the immigration
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services of the country being visited that the patient cannot be safely vaccinated—is tantamount
to sidestepping the responsibility of offering adequate protection to the travelling patient.

The vaccination of such patients against YF carries with it several risks. As mentioned previ-
ously, evidence of the safety and effectiveness (i.e. the development of neutralizing antibodies)
of the vaccine is limited to systematic reviews of cases and expert opinions. In addition to the
likelihood of developing neutralizing antibodies, the options for interrupting or reducing the
immune-suppressive status of the patient should also be considered. The possibility of reducing
the immune-suppressive status for safe and effective vaccination depends on the type of drug
used, its dosage and the status of the underlying disease. Stopping or lowering medication in
patients with an autoimmune disease may result in a flare-up, for example. Literature describing
the successful administration of the YF vaccination—sometimes inadvertently—to immunocom-
promised patients is available (9). The effective duration of the working of immune-suppressive
medication has also been studied (4). Based on these studies and our own observations it appears
that there is some room for deviation from standard guidelines. It should be noted, however, that
cases of a fatal outcome have also been documented (10).

In our patients, the vaccination was safe and from the YF VNT it was evident that the patients’
immune systems were able to produce neutralizing antibodies. The results obtained, however, do
not guarantee sufficient protection against YF disease while travelling, because essential cellular
responses that help to eliminate the virus can either be lacking or reduced (4). Furthermore,
the amount of long-term protection that is afforded remains unclear, as Lindsey et al. recently
showed, e.g. that those with an immunocompromised condition were less likely to have YF-
neutralizing antibodies in the long term. These patients are still at risk, and we must therefore
repeat that, from a medical point of view, travel is not recommended.

We want to encourage healthcare professionals to not sidestep or ‘waive’ their responsibility of
offering adequate protection to immunocompromised patients who frequently travel, or intend
to emigrate to, (potential) YF-endemic regions. For these patients it is not enough to just sign the
waiver that informs the immigration services. Instead, we advocate that that sparse literature
that is available, together with their clinical experience, should be used to shift the balance and
increase the number of YF vaccinations administered to individual immunocompromised patients

intending to travel or emigrate to YF-endemic regions.

Preconditions for considering the YF vaccination of immunocompromised patients:

- The patient should travel at least twice a year to a region that is considered to be at high risk
for YF transmission (i.e. vaccination is strongly advised or mandatory by travel medication
authorities and/or a YF outbreak or active virus transmission in humans is known for the
region).

- Travel to a YF-endemic region is unavoidable (i.e. family matters, work or study obligations).

- The patient currently uses a single immunosuppressive agent.
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If all of the above-mentioned preconditions apply, the following steps should be a literature
and SmPC review and then consultation with the relevant specialists. After informed consent, it
may then result in the lowering or interruption of immunosuppressive therapy followed by the

administration of the YF vaccination.
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Part 3

Studies on chronically HIV-infected
individuals
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ABSTRACT

Indonesia is behind in achieving the UNAIDS 2020 90-90-90 goals, as in 2018 close to 50% of HIV
infected individuals were aware of their status and 17% used antiretroviral treatment (ART). The
World Health Organization has specified a HIV continuum of services cascade, in which several
key elements of the local HIV epidemic translate to preventive actions, diagnosis, accessibility
of care and treatment. The needs to contain the HIV epidemic in Indonesia are different from
Western countries. Therefore, based on data of research conducted in Indonesia, we have studied
these key elements and we have identified research gaps that could promote future advances and
potentiate improved control of the local HIV epidemic. An abundance of cross-sectional studies
provide insight to the local epidemic, access to healthcare, effectiveness of ART and comorbidi-
ties. These studies are mainly focused on high risk groups and refrain from studying the epidemic
in the general population. Only few have prospectively investigated the number of HIV infected
individuals that are able to retain long-term treatment and virological suppression. Similar, other
epidemiological data and baseline resistance is only sparse available, which hampers the formula-
tion of new research questions and input for models that study interventions to contain the local
HIV epidemic. The effects of a recently implemented nationwide health insurance are not yet
clear, and together with the evolution of medical research over the past years in Indonesia, this
might provide several unique opportunities to conduct phase 1 to 4 studies, study PrEP effective-

ness and perform community science using social media.
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INTRODUCTION

UNAIDS data for the archipelago Indonesia shows that of 270 million inhabitants, 640.000 people

were living with HIV in 2018. Only 51% of HIV infected individuals were aware of their status and

17% used antiretroviral treatment (ART) (1). Low to middle-income countries, such as Indonesia,

are characterized by a high number of HIV related deaths (2). The former shows that Indonesia

is behind in achieving the ambitious UNAIDS 2020 90-90-90 goals (3). In June 2016, the World

Health Organization published its global health sector strategy on HIV 2016-2021, which specifies

a so-called HIV cascade that starts with reaching people at-risk for HIV infection with prevention

and testing programs. The cascade then leads to having HIV positive persons on treatment, have

them virologically suppressed and keep them in continuous care. This cascade must be achieved
through a “continuum of services” that consists of prevention, diagnostics, care accessibility,
treatment and permanent care. In this regard, scientific knowledge of several key aspects of the
local HIV epidemic is essential to support policy making. Surveilling available scientific data also

identifies research possibilities that could promote future advances in achieving the 90-90-90

goals and continuum of services. Based on the continuum of services (4), we have translated this

to the following focus areas in research:

1. The local rate of HIV transmission and its main driving factors: know your epidemic (WHO).
To target efforts for prevention and testing, it is essential to obtain knowledge of the epide-
miology, routes of transmission, key populations at risk by demographics such as age, sex and
geography.

2. Factors affecting access to test-and-treat and healthcare in general. To achieve the goal equi-
table access to HIV care, research plays an important role in identifying the barriers that exist
between HIV positives and the healthcare system.

3. The effectiveness and outcomes of ART and related interventions such as therapy adherence,
virological failure, ART resistance and pharmacokinetics. Evaluation of health interventions
are crucial for continuous improvement of HIV care. Interventions that have proven effective
in Western countries may not accomplish similar success in Indonesia due to differences in
population settings and dynamics or genetic makeup.

4. The comorbidities experienced by people living with HIV in Indonesia. As more Indonesian
HIV positives are started on ART, their life-expectancy will increase and their health care
needs will evolve. Anticipating these needs is crucial to minimize disability, morbidity and

mortality of HIV patients on long-term antiretroviral treatment.

This review provides the reader with an overview of the scientific literature regarding HIV in
Indonesia in the era of ART. By analyzing the current state of scientific knowledge on the afore-
mentioned four domains regarding HIV in Indonesia, our goal is to identify knowledge gaps that

would potentiate future study in order to further prepare for the UNAIDS 2030 goals.
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METHODS

A PUBMED/MEDLINE search was performed using keywords HIV and Indonesia on September
9th, 2019. Two authors (W.J., M.R.) independently selected relevant English written literature on
studies conducted in adults, that were published from 1999 up till 2019 based on title/abstract.
Available data were screened for relevance and categorized by subject and methodology as
introduced above and detailed in Supplementary data 1. The number of available studies avail-
able from 2009 up till 2019 are grouped in the categories as introduced above and displayed
in Figure 1. The authors selected a number of key papers for more in-depth discussion in the
following paragraphs. For background information, we accessed Ministry of Health, Republic of
Indonesia (MoH-RI) and World Health Organization (WHO) information at September 10th, 2019.
We retrieved clinical trial information from both clinicaltrials.gov and centerwatch.com, using

keyword HIV and study-sites in Indonesia, on September 10th, 2019.
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Figure 1. HIV research Indonesia: available publications

Absolute number of available publications categorized per: Local rate of HIV transmission and its main
driving factors (Transmission and Factors), Factors affecting access to test-and-treat and healthcare in
general (Access to test-and-treat), The effectiviness and outcomes of antiretroviral treatment and

related interventions (Effectiveness and Outcomes), Comorbidities experienced (Comborbidities). Data based
on PubMed search dated 9 September 2019 (refer to Methods section). * data reported until 9 September
2019

Overall availability of data

As shown in Figure 1, the mixture of topics in HIV related publications originating from Indonesian
data shows a more or less stable pattern over the past decade until 2018. In 2018 and up till

September 2019, the number of yearly publications has doubled in comparison to 2009-2017.
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This is likely the result of increased efforts of the government to empower local researchers and
establish international collaborations. The local rate of HIV transmission and its main driving fac-
tors are generally best represented in the studies conducted. These are mainly social sciences
studies, which will not be discussed in detail here, as almost all have studied targeted small com-

munities within the whole population.

Rates and drivers of HIV transmission

Understanding drivers of HIV transmission are crucial for setting up effective prevention programs
as well as targeted intervention and treatment programs. The estimated prevalence of current
HIV infections and incidence of new HIV infections is needed to direct the available resources
or scale up for future perspectives. The first studies on HIV sero-prevalence in Indonesia are
available starting from the mid 1990’s. Both early and recent studies mainly focused on high-risk
groups, such as men having sex with men (MSM) (5), transgender, sex workers and their clients
(6-10), intravenous drug users (IVDU) (11, 12), prisoners (13, 14), military personnel (15) and
people presenting to clinics suspect of a HIV infection (16-19). In these studies, HIV testing is
often combined with screening for other sexually transmitted diseases (STD) and questionnaires
to study attitudes, risk perception and risk behavior. The majority of studies available had a cross-
sectional design of a single study group, and hence lack longitudinal data or a control group.
The longest follow up duration was available from a study that was conducted among female
sex workers in Western New Guinea. The authors reported a sharp increase in HIV incidence
from 0.0% to 1.4% from the year 1998 to 2002 (9). A large study conducted in urban hospitals in
Bali in 2003, reported no HIV infection in 2450 women screened (20), but a pooled analysis of
sero-surveillance programs in Bali published in 2011 provides the most detailed analysis available
for the overall epidemic to date. It describes trends of HIV transmission between the years 2000
and 2010. In addition, it reveals considerable heterogeneity between testing sites in terms of
methodology, target groups tested and consistency of number of tested individuals. Some sites
reported no testing during several years (21). It is suggested that introduction of HIV to Indonesia
occurs mainly thru the Bali Island (22), possibly thru sex workers. Rahmalia and colleagues tried
to gather insight in the proportion of females in the HIV overall epidemic, and prospectively
enrolled over 2500 individuals in West-Java Island. They observed that intravenous drug usage
(IVDU) contribution to HIV transmission in males is significantly higher than in women. From their
data heterosexual transmission from male to female has become apparent as about a quarter
of females were tested for HIV because of a positive partner (23). A cross-sectional study from
Papua, which is considered to have the highest prevalence of HIV-1, found positive HIV antibodies
in 1.27% of a small sample of 157 volunteers that were assumed healthy prior to study inclusion
(24). No studies have been reported on blood bank samples or have performed sero-surveillance
to determine the HIV prevalence in the general Indonesian population other than the surrogates
mentioned above. Also, no recent studies investigating vertical (mother to child) transmission

were found. More recently, molecular assays and whole genome sequencing, testing for HIV
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clades and genotypes were introduced in studies (10, 14, 25-28). Such data is essential in cluster
analysis of HIV cases as this could help to better understand HIV transmission in a country. This
would help to set up prevention efforts with a better focus with respect to risk profile, culture,
social-economic background and location (29). The Indonesian government currently still relies
on health surveys to estimate the country’s prevalence of HIV/AIDS, using self-reporting instead
of nationwide testing and surveillance (30). According to the WHO global health sector strategy,
building a comprehensive strategic information system for the HIV epidemic should be a fast-track
action for countries. This requires a centrally coordinated effort to collect data in a standardized
and sustained manner, to perform quality control and ensure that information is available rapidly
to policymakers. Epidemiological data from Indonesia is available in the literature, but its collec-

tion still appears to be highly fragmented and inconsistent.

Factors affecting access to test-and-treat and healthcare in general

Multiple measures are needed to better control the HIV epidemic, and international guidelines
should adjust to focused measures that reflect the local situation. The local situation in Indonesia
is influenced for instance by stigma, faith and other human behavior such as governance. The
following barriers in access to HIV care have been identified and studied: social stigma, lack of ac-
ceptance by target population, lack of available services, geographical isolation, financial barriers.
Very few papers address these topics from a country-wide perspective. The process of adjusting
international guidelines to local priorities was previously studied for the West-Java situation,
based on a review of available governmental documents and putting out interviews (31, 32). The
authors suggest that this approach, involving several local stakeholders, has helped in prioritizing
actions to take control of the HIV epidemic. It seems useful to extend similar approaches to other
provinces in Indonesia. Indonesia has introduced a compulsory national health insurance scheme,
JKN, in 2014, expanding access to health insurance to more of its citizens. Historically, health
insurance was only available to wealthier Indonesians, with only basic assistance for the poorest.
Full implementation of the JKN was scheduled for the end of 2019 and an evaluation of its effects
on healthcare equity is underway (33). Nowadays, ART should be available free of charge for the
general public and is provided by the Indonesian Ministry of Health (34). The impact of this large
scale health care reform for access to HIV care specifically could be substantial, but is yet to be
evaluated. Performing long-term follow up studies of individuals who have been tested positive
for HIV could provide insight into what proportion of them gains access to HIV care and what
factors were of influence. As mentioned before, the abundance of social studies, is indicative of
the interest in the complex human behavior and knowledge to be dealt with. The studies focus
to either risk-groups or HIV confirmed cases e.g. HIV-positive MSM (35, 36), transgender (37)
or IVDU (38). Remarkably, no studies have addressed the public opinion on HIV and HIV-testing
uptake. In one manuscript it is recognized that a homophobic sentiment has increased social
stigma and discrimination, which might keep MSM reluctant from accessing HIV services. This

implies evitable continuation of HIV spread due to unprotected sex in MSM (39). Performance
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and evaluation of commercial diagnostic assays to quantify HIV-1 viral loads was only studied
by one group (40), and besides work published in 2012 on cost-saving HIV-1 quantitative RT-PCR
alternatives (41), no recent data is available that has searched for alternatives to test for HIV. The
most recent studies on costs of HIV prevention, care and treatment are mainly centered to data
from West-Java and are performed by more or less the same research groups. It seems that the
costs of HIV/AIDS interventions are unknown for the large part of Indonesia. Cost-effectiveness
studies, modeling the local epidemic and interventions, could aid in targeting of available re-
sources. This is for instance also suggested in a recent study of Verstraaten and colleagues. They
have estimated the costs for several interventions such as condom distribution, education and
care in Sexually Transmitted Infection clinics (42). Others have studied costs of providing ART and
laboratory resources in relation to duration of several phases of HIV disease. The authors suggest
to early initiate ART in those infected, not only based on HIV guidelines, but also to save on costs
in future (43). Only one study has modeled costs of an intervention in the whole Indonesian
population. Scaling up voluntary counselling and testing was found cost effective in reducing the
overall population prevalence of HIV by 2030, but the authors are cautious in available budgeting
(44). To date, no studies are performed on pre-exposure prophylaxis (PreP) of HIV, as PreP is
not yet generally available in Indonesia. It might be helpful to perform cost-effectiveness studies
based on the introduction of PreP, as promising method to constrain the HIV epidemic in targeted

risk groups.

Effectiveness and outcomes of ART and interventions

Current international guidelines for HIV treatment state that, following immediate initiation of
ART after HIV diagnosis, monitoring viral loads is recommended to detect treatment failure.
In case viral load testing is not available, measuring CD4+ T-cell counts and clinical monitoring
should be used as surrogate (45). Data on baseline HIV drug resistance is abundantly available
from studies, but only from few places and mostly with a cross-sectional design. This includes
for instance data from islands that are known tourism destinations, such as Kepulauan Riau (46)
and Bali (47, 48). In Bali a sharp increase in baseline resistance was observed especially for sex
workers and drug users (21). HIV-1 Circulating Recombinant Form (CRF) 01_AE, subtype A/E is
considered the dominant subtype (28). This finding was later repeated in studies conducted with
HIV infected individuals that were either treatment naive or failed treatment. In some studies, it
was suggested that there is no transmitted drug resistance (TDR) (47), though in contrast others
provide strong evidence for emergence of TDR in their studies from West-Papua (49), which was
later confirmed in West-Java (50-52). To better understand emerging TDR on a country level, data
should be pooled, or routine diagnostics in case of (first-line) treatment regimen failure could be
implemented. This is also suggested in the WHO action plan on HIV drug resistance (53) — espe-
cially in the light large-scale implementation of integrase inhibitors in middle income countries.
Alternative assays to test for treatment failure were performed, and it was suggested that total

lymphocyte count might serve as alternative to relative costly CD4+ T cell count assays (54) in
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models predicting HIV related mortality. Pharmacological studies are relevant to understand drug
metabolism and interactions in a given population. These are limited available in Indonesia. As
example, the impact of rifampicin treatment for tuberculosis on plasma efavirenz concentrations
was explored and it is was found that there was a higher proportion of patients with a detectable
viral load in those receiving rifampicin (55). The authors suggest that larger studies are needed.
Polymorphisms for CYP2B6, one of the most polymorphic CYP genes in human, were studied and
it was found to impact efavirenz plasma levels (56). Similar studies were conducted on rifampicin
and nevirapine, which has showed significant lower levels of nevirapine in those treated with
rifampicin, though nevirapine levels were still within therapeutic range (57). Such studies are of
continued importance as most clinical trials were mostly performed in Western countries, where
the ethnic makeup of the population does not represent the Indonesian population. In addition,
the occurrence of coinfections, such as tuberculosis, are relatively rare. Factors such as genetic
polymorphisms, body mass, co-medication and diet are known to influence the pharmacokinetics
and pharmacodynamics of ART and modify the effectiveness of these drugs in the Indonesian
population. The former is also relevant in the future emergence of dolutegravir containing regi-
mens in Indonesia and the high number of tuberculosis co-infections in Indonesia (58). Outcomes
of those in HIV care, and on treatment were only subject of a few prospective studies. The most
important study on clinical HIV care in Indonesia is that of Januraga and colleagues. During a
one-year period they have recruited and followed several key populations, comprising a total of
831 MSM, female sex workers and IVDU at four study sites throughout Indonesia. They found that
participants were more likely to start ART in case they were enrolled in facilities that offered both
testing and treatment, compared to facilities that only offered testing. After a year, just over half
were retained in care and remarkably, 43% of the female sex workers was lost to follow-up (59)
The findings are comparable to other studies, for instance a study investigating 8430 person-years
over a 7-year period in Bandung (60). In this regard, a study from Bali has found that in the period
2006-2014, annual mortality rate in the cohort of HIV-1 infected patients attending medical care
was 10% (61). These findings provide important ground for future research and interventions
to keep HIV infected individuals on therapy. Similarly, the TREAT Asia HIV/AIDS Observational
Database (TAHOD) (62) and INAPROACTIVE (63) initiative will provide prospectively collected
data from those in HIV care. Such approaches have proven their value in understanding the local
HIV epidemic, as for instance is clearly seen in the Dutch ATHENA cohort. Data collection of HIV

infected individuals in the Netherlands has started over two decades ago (64).

Co-infections and comorbidities

Co-infections refer to the opportunistic infections acquired by patients with AIDS, due to their
severely immunocompromised status, or non-opportunistic infections which share transmission
routes with HIV such as hepatitis A,B and C. The term comorbidity is used to describe non-
infectious illnesses, the occurrence of which relates to HIV infection and/or ART. All available

studies on co-infections and comorbidities are overviewed in Table 1. The majority of recent data

Erasmus University Rotterdam Za.{uu.g





HIV research in Indonesia, needs and opportunities

on co-infections is available from cohorts of M. tuberculosis for which the majority of studies has
a prospective design (65-72) (N=21) or Hepatitis C co-infections (73-80) (N=8). For Hepatitis B, the
most recent study was published in 2019 in a cohort of female prisoners (76), and the most recent
study performed in HIV infected patients visiting outpatient clinics dates from 2015 (81). Sexually
transmitted diseases were subject of 8 studies. Central nervous system (CNS) infections are also
studied in more detail. For instance studies on etiology and outcomes of brain infections are
relevant, as these greatly contribute to HIV related deaths (82-85). In addition, a ten-year cohort
study of CNS infections has specifically studied tuberculous meningitis (86) and another study has
prospectively collected data of over 600 patients with tuberculous meningitis (87). Most research
on co-infections in Indonesian HIV patients has focused on organisms that are typically also im-
plicated in the HIV infected population in Western countries, such as toxoplasma, Cryptococcus,
tuberculosis, STD’s, viral hepatitis, etc. Remarkably, no studies examining Pneumocystis jiroveci
pneumonia were found, while this is considered a common opportunistic infection in persons
with HIV (88). Some studies have also examined the disease burden of specific pathogens that
are highly endemic in Indonesia, such as Blastocystis, Cyclospora and Entamoeba. We only found
one case report on histoplasmosis infection in a patient with HIV, despite the fact that this is a
known opportunistic pathogen that is endemic in Indonesia (89) This may simply reflect a low
disease burden, but it could also mean this disease has been neglected in Indonesia. Histoplasmin
skin test positivity has been tested as high as 63.4% in Indonesia, however these surveys were
conducted in the 1950’s and very little recent data is available (90). It is important to determine
the incidence of histoplasmosis in HIV infected individuals in endemic regions, since itraconazole
prophylaxis could be considered if the incidence is high.

Studies performed in Western countries show that HIV positive patients on long-term ART are
much more susceptible to develop hypertension, obesity and metabolic syndrome, along with
their related complications (91). A cross-sectional study performed by Rodriguez-Fernandez et al
in 2016 examined patient records of a predominantly male mining community in Papua in order
to determine the level of comorbidity between infectious and non-infectious disease. The study
found frequent comorbidity of noninfectious disease with malaria and TB, but none with HIV/
AIDS (92). This could be due to the relatively high disease burden of malaria on Papua Indonesia
relative to the number of HIV/AIDS cases. The results do highlight the public health challenge
faced by rapidly developing economies of incomplete elimination of “old health” infectious dis-
eases combined with the emergence of “new health” non-infectious diseases related to increased
wealth, such as cardiovascular and pulmonary disease. A more in depth prospective cohort study
specifically in different Indonesian HIV positive populations could reveal substantial comorbidities
between HIV and these wealth-related diseases that are missed by cross sectional surveys of
the general population. As test-and-treat will evolve in Indonesia, it will be important to moni-
tor for similar effects in the Indonesian population. So far, most studies have used retrospective

and cross-sectional designs. These are the least demanding in terms of cost and labor, but come
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with significant methodological limitations. For this, prospective study designs are the preferred

method.

Research gaps, needs and possible opportunities for HIV research

The archipelagic layout, a continuous economic growth (93) and faith and stigma are just some of
the main challenges in controlling the HIV epidemic in Indonesia. The interplay of factors to reach
the UNAIDS 2030 goals and to improve the quality of life of people living with HIV in Indonesia
is complex. We suggest that scientific studies could not only help to fill gaps in knowledge, but
additionally, rationally designed prospective or modelling studies would aid in understanding
the effectiveness of interventions in the HIV epidemic in Indonesia. The needs to contain the
HIV epidemic in Indonesia are different from Western countries, and efforts should therefore
be made to translate international findings to local priorities with help of local stakeholders, or
repeat scientific studies in Indonesia. In general, it seems first and foremost important to alleviate
any physical and emotional barriers to test-and-treatment facilities. The recent implementa-
tion of nationwide health insurance is an important milestone, though the effects on the HIV
epidemic are not yet clear. Stigma and homophobic sentiments need urgent attention as the
number of new HIV infections in MSM is still high. Test-and-treat is important from both the
patients perspective, as well as from a public health perspective, to control individual quality of
life, co-infections and to halt the ongoing HIV transmission. As discussed before, well designed
routine collection of clinical data and outcomes is needed, preferably targeted around risk-groups
or treatment facilities. This is found useful in other countries, and based on previous studies
conducted in Indonesia, also locally. It is likely to contribute to the understanding of the dynamics
of the HIV epidemic. With the data in hand, one could formulate new research questions, both
retrospectively and prospectively. Ultimately all patients failing on therapy should be included in a
cohort study on nationwide drug resistance as this would help to develop future directions in HIV
treatment. There is also a need to extend research to the general population, as current research
is only limited to high risk groups. These high risk groups are of known importance in the HIV epi-
demic, but for instance might also contribute to HIV emergence in the non-risk group population.
No recent scientific data is available on HIV in blood donors, while from other infectious diseases,
such as Hepatitis B, this was found useful in estimating the epidemic. We found limited studies
on alternative and more affordable options to test for HIV. Such studies might not only reduce
costs of HIV testing, but might also increase HIV testing uptake by reducing financial barriers that
people face. There is a lack of phase 1-4 clinical intervention studies. As outlined before, the
local genotype and co-infections might influence treatment efficacy and clinical outcomes. Given
an increasing number of publications from Indonesian researchers over recent years, it seems
that clinical research has greatly evolved in Indonesia. Historically, pharmaceutical companies and
other sources of funding have made it possible for Western countries to conduct research and to
set-up new research lines. In this regard, Indonesia, habiting over 260 million people, might be

an interesting market for pharmaceutical companies, non-governmental organizations and other
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funders to invest in healthcare advances. Future advances in HIV research include the introduc-
tion of PreP, HIV cure and increasing use of social media and community science. Locally, this
could translate to a halt or constrain of HIV transmission in high risk groups if PreP would become
available to a fair price. HIV cure research would be especially interesting for the high number of
newly diagnosed HIV infections. Social media and community science could help in rapidly spread
information to distant areas and to collect research data from the whole country with just a tap
on a mobile device. The increasing amount of available studies on HIV in Indonesia not only is
indicative of interest in HIV research, it also implies readiness to combat future challenges by
deploying research and exploring other possibilities to contain the HIV epidemic.
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Table 1

Cross-sectional

Co-infections

Opportunistic

Intestinal parasites * 3(1-3)
Toxoplasma 3(5-7)
Mycobacteria 3(10-12)
Candida 1(30)
Cryptococcus -

cmv 1 (6)

HHV 1(35)
Pneumocystis -
Histoplasmosis -

vzv -

Scabies -

RSV -
Molluscum contagiosum 1(6)
Plasmodium 1(29)
Streptococcus 2 (40-41)
Shared transmission route

HBV 3(7,42-43)
Hcv 4(7, 43, 45, 46)
HDV 1(7)

HTLV 1/2 1(7)

GBV-C 2 (50-51)
STD # 4 (52-55)
HPV 1(58)

HSV 1/2 3 (55, 59, 60)
Comorbidities

cvD 4(29, 61-63)
Metabolic syndrome 1(29)

IRIS -
Malignancy 1(29)
Lymphoma -

Skin disorders 1(65)
Bone disorders 4 (66-69)
Hematologic disorder 2 (70-71)
Neurological disorder 1(72)
Ocular disorder 1(6)
Pulmonary disorder 1(29)

Drug abuse 1(73)

Retrospective

2 (13-14)

1(37)

1(37)
1(39)

1(44)
2 (44,47)
1(37)
1(37)
1(37)

1(74)

Prospective

1(4)

2(8-9)

16 (9, 15-29)
1(31)
3(9,17, 33)
2(9,34)

3(9, 56-57)
1(57)
2(9,57)

1 (64)
1(16)

2 (19, 48)
1(9)

Total

4

5

21

3 (32) (Case report)
B

3

1

(36) (Case report)

1
1
1
1
2
2
2

D W 00 N B P 0 b

N B R RN AR R R NNV

CMV = Cytomegalovirus, HHV = Human Herpesvirus, NTM = nontuberculous mycobacteria, VZV = Varicella
Zoster Virus, RSV = Respiratory Syncytial Virus, HBV = Hepatitis B Virus, HCV = Hepatitis C Virus, HDV = Hepa-
titis D Virus, HTLV = Human T-Lymphotropic Virus, HPV = Human Papilloma Virus HSV = Herpes Simplex Virus,

CVD = Cardiovascular diseases, IRIS = Immune Reconstitution Inflammatory Syndrome.

* Ascaris, Blastocystis, Cyclospra, Cryptosporidium, Entamoeba, Giardia.)
# Syphilis, Chlamydia, Gonorrhoea, Trichomonas, Mycoplasma genitalum, Bacterial vaginosis
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Supplementary data 1

Classification of Available Literature

Literature was assigned to the following categories as described in ‘Introduction” and ‘Methods’
section of the main manuscript, based on title/abstract. A single category was assigned per manu-
script. Research that was not performed in Indonesia or in case the results had limited implica-
tions for Indonesia (i.e. single cases or cohort studies with a minor representation of Indonesian

participants), were excluded from further review.

Categories with criteria for classification

1. Local rate of HIV transmission and its main driving factors

diagnostic assays for HIV; novel and/or surrogate biomarkers; epidemiological studies report-
ing incidence and/or prevalence; HIV genotyping / sequencing and drug resistance at baseline
(transmitted resistance); current knowledge and behavior (not studying interventions that aim
to change knowledge and behavior); studies on preventive or curative measures for HIV i.e. to
change behavior; increase HIV testing uptake

2. Factors affecting access to test-and-treat and healthcare in general

estimated or real costs of HIV test-and-treat and/or interventions; economic burden in general;
investigations of capacity and quality of health care and supporting systems; regulatory issues;
3. The effectiveness and outcomes of antiretroviral treatment (ART) and related interventions
in the Indonesian population such as therapy adherence, virological failure, ART resistance and
pharmacokinetics

pharmacological studies; outcomes on individuals on ART and therapy adherence; quality of life
assessments of people living with HIV

4. The comorbidities experienced by people living with HIV in Indonesia

co-infections (acute and chronic) or co-morbidities reported in HIV-infected individuals (not:
treatment outcomes); studies reporting infectious disease cohorts that included HIV testing (co-

infection);
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ABSTRACT

Background

HIV therapeutic vaccination aims to improve the immune responses against HIV, in order to con-
trol viral replication without the need for combined antiretroviral therapy (cART). iHIVARNA-01
is a novel vaccine combining mRNA delivery and T cell immunogen (HTI) based on conserved
targets of effective antiviral T cell responses. In addition, it holds adequate stimuli required for
activating APC’s and co-activating specific T-cells (TriMix), including human CD40L, constitutively
active TLR4 (caTLR4) and CD70. We propose that in vivo targeting of DC by direct administration
of a HIV mRNA encoding these immune modulating proteins might be an attractive alternative to

target DCs in vitro.

Methods

Phase lla, randomized, double-blinded, placebo-controlled multicenter study in chronically
HIV-1 infected patients under stable cART. One of the three study arms is randomly allocated to
subjects. Three vaccinations with either HIVACAT T-cell immunogen (HTI)-TriMix (iHIVARNA-01),
TriMix or water for injection (WFI) (weeks 0, 2 and 4) are administered by intranodal injection in
the inguinal region. Two weeks after the last immunization (week 6) cART is stopped for 12 weeks.
Two primary end points are: 1) safety and tolerability of intranodal iHIVARNA-01 vaccination com-
pared with TriMix or WFI and 2) induced immunogenicity i.e. increase in the frequency of HIV-
specific T-cell responses between baseline, week 6 and 12 weeks after treatment interruption in
iHIVARNA-01 treated patients as compared to the control groups, immunized with TriMix-mRNA
or WFI measured by an IFNy ELISPOT assay. Secondary endpoints include the evaluation of time to
viral rebound, plasma viral load (pVL) at w18, the proportion of patients with control of viral load,
induction of T cell responses to new HIV epitopes, polyfunctionality of HIV-specific T cells, CD8+
T-cell in-vitro HIV suppressive capacity, the effect on viral reservoir (measured by proviral DNA
and cell-associated RNA), assessment of viral immune escape by mutation and mRNA expression

profiles of host immune genes.

Discussion

This trial aims to direct target DC in situ with mRNA encoding HTI and TriMix for co-stimulation.
Intranodal injection circumvents laborious DC isolation and handling in the lab. The trial extends
on the safety results of a phase | dose escalating trial. This candidate vaccine could complement
or even replace cART for chronic HIV infection and could be applicable to improve the care and

cost of HIV infection.
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BACKGROUND

Worldwide, an estimated 37 million people are infected with the Human Immunodeficiency
Virus (HIV) (1). HIV is a single-stranded positive-sense RNA virus of the genus lentivirus. The virus
infects human CD4+T cells but also various mononuclear myeloid cells, including dendritic cells
(DCs), monocytes/macrophages. It integrates into the host genome after reverse transcription to
double-stranded DNA. In untreated patients, the infection progresses to acquired immunodefi-
ciency syndrome (AIDS) — as characterized by a decline in CD4+T cells (2). In 2015, an estimated
17.5 million people worldwide received combined antiretroviral therapy (cART) (1). Despite being
very effective at stabilizing the HIV infection and preventing virus transmission, cART has several
disadvantages, including short and long-term side effects. The therapy cannot eradicate HIV and
therefore has to be maintained for life (3). As a consequence, HIV therapy is costly to maintain.
Furthermore, both therapy distribution and adherence are a challenge for patients and physicians
—in both developing as well as developed countries (4). Therefore, there is a clear unmet need for
cost-effective and viable non-drug based treatment in HIV infected individuals.

Therapeutic vaccination has emerged as a strategy which aims to improve the immune responses
against HIV, in order to control viral replication without the need for cART (5). To date, numerous
immunogens, administration routes and vaccination strategies have been employed, so far with
only limited success (5-8). Garcia and colleagues obtained promising results in a strategy known
as ‘ex vivo modification of DC’s’ (8). HIV-infected patients were administered autologous DC’s
pulsed with whole inactivated HIV particles. This DC-based vaccine offers a promising strategy by
using the ability of DC’s to take up and present antigens to CD4+ and CD8+ T-cells. The immune
responses act against viral replication by lysing HIV-infected cells. However, a functional cure (i.e.
undetectable HIV plasma viral load, i.e. <50 copies/ml) was not achieved. Furthermore, ex-vivo
modification of DC’s is a technical and labor intense strategy.

The iHIVARNA-01 is intended for therapeutic vaccination of HIV-1 infected patients. It is a com-
bination of mRNA sequences that aim to provide 1) an effective HIV immunogen to induce T cell
responses against relatively conserved, vulnerable portions of the virus, referred to as HIVACAT T-
cellimmunogen (HTI) as well as 2) adequate stimuli required for activating APC’s and co-activating
specific T-cells (TriMix). The former is designed to induce T cell responses with specificities as-
sociated with superior HIV control in vivo and covering a wide range of HLA class | and class I
restricted, HIV-derived epitopes (9). The TriMix portion provides activation molecules to enhance
T cell activation and antigen presentation by DC’s. The mRNA sequences correspond to human
CD40L, constitutively active TLR4 (caTLR4) and CD70 (10). iHIVARNA-01 investigational product
(refer to section methods) is the result of the iHIVARNA phase 1 clinical trial. In 2016, twenty-one
HIV infected volunteers were recruited in Hospital Clinic in Barcelona. Subjects received mixed
ratios of TriMix:HTI and TriMix solutions, up till 1200ug (900ug HTI + 300ug TriMix)
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METHODS

Primary and secondary objectives:

This study will evaluate the safety, tolerability and immunogenicity of iHIVARNA-01. The primary

objectives are to evaluate:

the safety and tolerability of intranodal iHIVARNA-O1 vaccination compared with TriMix-
mMRNA or placebo, focusing on the nature, frequency and severity of local adverse events
(pain, cutaneous reactions including induration) and systemic adverse events (temperature,
chills, headache, nausea, vomiting, malaise, and myalgia)

the immunogenicity of an immunization schedule with HTI-TriMix (iHIVARNA-01) to increase
the frequency of HTI-specific T-cell responses between baseline and 2 and 14 weeks after the
last injection (i.e. weeks 6 and 18 of the study) as compared to the control groups, immunized

with TriMix-mRNA only or placebo

The secondary objectives are to evaluate:

the magnitude and the kinetics of the HIV-specific CD4+ and CD8+ T cell responses gener-
ated by the immunization schedule in the 3 groups by two methods (ELISPOT, intra-cellular
cytokine staining - ICS) at baseline and at weeks 6 and 30

the ability of the immunization schedules to prolong time until viral rebound after discontinu-
ation at week 6 as compared to control groups TriMix or placebo

the suppressive effect on plasma viral load in vivo after analytical treatment interruption (ATI)
from week 6 to week 18 compared to two control groups, receiving TriMix only or placebo
the proportion of patients with control of viral load below detectable level 12 and 24 weeks
after start of ATI (functional cure)

the percentage of patients who generate a vaccine-induced immune response to new HIV
epitopes present in the HTI sequence

induction or enhancement of the CD8+ T-cell in-vitro HIV suppressive capacity

the effect on reservoir as measured by proviral DNA and the cell-associated viral RNA (un-
spliced and multiple spliced viral RNA)

viral immune escape by sequencing of HIV and to conduct sieve effect analyses in rebounding
virus after cART interruption

host protein mRNA expression profiles in whole blood at baseline and week 6 and week 18
storage of faeces samples for future exploratory analysis of gut microbiota composition and

diversity

Study design, treatment arms and stages

This is a phase lla, randomized, double-blinded, placebo-controlled outpatient clinic based mul-

ticenter study in chronically HIV-1 infected patients under stable cART. Enrolled and randomized

patients will be treated in 1 of the 3 study-arms, comprising 2 stages.
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Stage | consists of an immunization period from week 0 to week 6, while on cART. The immuniza-
tion is done by an intranodal injection in a prominent lymph node in the inguinal region. The
study arm (verum — HTI-TriMix (iHIVARNA-01) n=40, control — TriMix n=15 and placebo — water
for injection n=15) is randomly allocated and stratified per center. An injection is given at week
0, 2 and 4. Stage Il consists of the post immunization and analytical treatment interruption (ATI)
period (cART is stopped) and lasts from week 6 to week 18. Patients with undetectable viral load
at week 18 will remain off cART up to week 30. Study end is at week 30. In case a patient still
has an undetectable (< 50 copies/mL) viral load, he or she may continue cART interruption in
consultation with the treating physician. cART can be re-initiated for medical reasons at any time
and/or if CD4+ T-cell counts drop below 50% of baseline or below 350 cells/mL. Refer to Figure 1

for a visual overview of the stages and treatment arms.

Treatment arm Weeks

on cART  stop cART restart CART*
Arm A: iHIVARNA-01 (1=s0)

I
HTI-TriMix
w0 \ w2 \ w4\ w6 w18

AN & 25
A & &

Figure 1 Overview of the study period, interventions and assessments

Arm B: control (=15
TriMix

Arm C: control (=15)
Water for injection

Inclusion- and exclusion criteria

To be eligible to participate, a patient must meet all of the following criteria (inclusion criteria):

1. >18years of age;

2. Voluntarily signed informed consent;

3. Proven HIV-1 infection (with documented antibodies against HIV-1 and a detectable plasma
HIV-1 RNA before initiation of therapy);

4. On stable treatment with cART regimen (antiretroviral therapy consisting of at least three
registered antiretroviral agents) for at least 3 years;
Nadir CD4+ > 350 cells/ul (up to 2 occasional determinations < 350 cells/ul are allowed);
Current CD4+ cell count > 450 cells/pl;

Erasmus University Rotterdam Zw/vﬁag

5





6 Erasmus Medical Center Rotterdam

HIV-RNA below 50 copies/mL in the last 6 months prior to randomization, during at least two

measurements (occasional so called ‘blips’ < 500 copies/mL are permitted);

If sexually active, willing to use a reliable method of reducing the risk of transmission to their

sexual partners during treatment interruption (including PrEP).

a. For heterosexually active female, using an effective method of contraception with part-
ner (combined oral contraceptive pill; injectable or implanted contraceptive; IUD/IUS;
consistent record with condoms; physiological or anatomical sterility (in self or partner)
from 14 days prior to the first vaccination until 4 months after the last vaccination.

b. For heterosexually active male, using an effective method of contraception with their
partner from the first day of vaccination until 4 months after the last vaccination.

Patients who meet any of the following criteria will be excluded from participating in the study

(exclusion criteria):

1.
2.

o v kW

10.

11.
12.

13.

Treatment with non-cART regimen prior to cART regimen;

Previous failure to antiretroviral and/or mutations conferring genotypic resistance to antiret-
roviral therapy;

Non-subtype B HIV infection;

Active Hepatitis B virus and/or Hepatitis C virus co-infection;

History of a CDC class C event (11);

Pregnant female (screened with a positive pregnancy test), lactating or intending to become
pregnant during the study;

History of malignancy < 30 days (extended period on the clinical assessment of the investiga-
tor) prior to screening;

Active infection with fever (38°C or above) < 10 days of screening and/or first vaccination;
Therapy with immunomodulatory agents (e.g. systemic corticosteroids), including cytokines
(e.g. IL-2), immunoglobulins and/or cytostatic chemotherapy < 90 days prior to screening.
This does not include seasonal influenza, hepatitis B and/or other travel related vaccines;
Congenital, acquired or induced coagulation disorders, such as thrombocytopenia (thrombo-
cytes < 150x109/L) and/or current use of anti-coagulant medication (e.g. coumarins, inhibi-
tors of Xa); Usage of NSAIDs (including acetylsalicylic acid) is allowed, however it is advised to
interrupt therapy 10 days ahead of vaccination;

Usage of any investigational drug < 90 days prior to study entry;

An employee of the investigator or study site, with direct involvement in the proposed study
or other studies under the direction of that investigator or study site, or is a family member of
an employee or the investigator;

Any other condition, which, in the opinion of the investigator, may interfere with the evalua-

tion of the study objectives.
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Study procedures

Informed consent and screening

Refer to Figure 1 for a full overview of the study period, interventions and assessments. The study
procedures according to the SPIRIT statement (12) are shown in Figure 2. The investigational
medicinal product (IMP) in this study is iHIVARNA-01. In each center, their HIV treating physicians
will inform patients about the phase lla clinical trial and confirm their eligibility. Those interested
receive a hardcopy/digital version of the patient information form (PIF) and are invited for the
informed consent and screening visit, at most 8 weeks prior to eventual enrolment. The study
will be discussed in detail and any questions will be answered. Specific attention applies for
heterosexually active female: an effective method of contraception with their partner from 14
days prior to the first vaccination until 4 months after the last vaccination will be demanded. For
heterosexually active male, using an effective method of contraception with their partner from
the first day of vaccination until 4 months after the last vaccination will be demanded. The inves-
tigator repeats the former during follow-up visits in case of enrollment and actively questions the

patients (or partner) adherence to these protocol dictated life-rules. Attention will be paid to risks

STUDY PERIOD
S:?ree; Stage I: immunization Stage ll: _Analytll:§| End-of-Study
ning tr interruption
TIMEPOINT | W-4 WO | W1 | W2 | W2/1 | W3 | W4 | W4/1 | W5 | W6 | W8 | W10 | W14 | W18 | W24 W30
SCREENING:
Eligibility screen X
Informed consent X
Treatment arm allocation X
ASSESSMENTS:
Follow-up type” F F P F L P F L P F F F F F F F
Phys. Examn. (full)® X
Phys. Examn. (vitals+LN)’ X X X X X X X X X X
Pregnancy test X X X X
Lab for safetya X X X X X X X X X X
Lab for Hepatitis B/C X
Lab for research X X X X X X X X X X X X X X
Feces sample for research X X X
INTERVENTIONS:
Intranodal injection® X X X
CART treatment interruption” + eopocesedecces 4+

Figure 2 Screening, assessments and interventions

Screening, assessments and interventions schedule for iHIVARNA phase lla. * screening at most 8 weeks prior
to enrollment at WO. Interval of 4 to 2 weeks is advised and optional consideration period of up to 2 weeks is
offered. * F full visit, L laboratory alone, P phone call. * full physical examination vs. vitals/lymph nodes alone. A
full physical examination must be performed during follow-up when clinically indicated. * applicable to female
subjects (reproductive age and not anatomically sterilized). Intranodal injection and treatment interruption
is only allowed after a negative pregnancy test. > laboratory tests for safety includes hemoglobin, hematocrit,
leucocytes, antibodies. Neutrophil count, thrombocytes, creatinine, aspartate aminotransferase (ASAT), ala-
nine transaminase (ALAT), gamma-glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), total bilirubin,
amylase (or lipase), creatine kinase (CK, known as creatine phosphokinase), glucose, CD4+ and CD8+ cells
and HIV viral load. ® follow-up of vital signs (RR/pulse) at 5 min and 60 min after injection. ’ cART treatment
interruption (ATI) starting from week 6 up to week 18. When there is an undetectable viral load at week 18,
ATl is continued until week 30. Schedule according to template available from SPIRIT Statement, 2013 Chan
etal. (12)
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of viral rebound syndrome and adequate measures for risk reduction of virus transmission during
ATI will be discussed. An optional consideration period of up till 2 weeks is offered. The principal
investigator (PI) (or its designated collaborator) will obtain written informed consent. Patients
undergo a clinical examination and blood will be drawn. Demographic data, medical history and

concomitant medication are recorded (refer to Figure 2).

Enrollment and vaccinations

Review of screening data will be performed according to inclusion and exclusion criteria. Female
patients undergo a pregnancy test (repeated prior to each vaccination), which should return
negative in order to continue study participation. When the former criteria are met, a patient
will be enrolled to the study. The investigator blindly assigns the patient to one of the treat-
ment groups by allocating the next free randomization code for the clinical site to the patient.
This randomization code list was generated by an independent statistician prior to start of the
study (using R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria). The label containing the randomization code was attached to the
appropriate IMP at the central production facility in order to keep the blind for both the sponsor
and investigators. The IMP is administered using ultrasound guidance by a radiologist sufficiently
trained in ultrasound imaging and tissue biopsies. Injections will be given alternated between the
right and left prominent inguinal lymph node. Patients will be monitored during the first hour
after immunization by recording vital signs (pulse, blood pressure and respiratory rate) on the
case record form (CRF), as well as any local reactions and systemic events (refer to Table 1). A
diary card (refer to Table 2 and Table 3) will be given to all the subjects, with written instructions
and a verbal explanation to record local and systemic adverse events following one week after
immunization. The diary is also used to track all medication (including over the counter ones)
usage in the same period. Using a standardized letter, the treating general practitioner of the
patient is informed of the study participation. Active reporting of eventual adverse events and/or
the prescription of concomitant medication is demanded by informing the investigator without
further due delay. Trial participation is mentioned in electronic patient files, in such a way that
other healthcare professionals are able to contact the study team for consultation or reporting
of (serious) adverse events. The study team will hold a telephone call with patients 7 days (+/- 2
days) after the first immunization. This contact will inquire about adverse events, both local and
systemic. Additional visits may be recommended at the discretion of the clinical and principal
investigators. Assessments and vaccinations are repeated as described above at week 2 and week

4. Short visits are scheduled in between for blood draw to be able to answer study’s objectives.

Study procedures: analytical treatment interruption (ATl), restart and final visit
Two weeks after the third vaccination (week 6 visit), cART will be interrupted. Female subjects
will only be allowed interruption after a negative pregnancy test. In the visits at week 8, 10, 14,

18, 24 and 30, information on concomitant medication, a physical examination and laboratory
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Table 1. overview of assessments shortly after intranodal vaccination

Assessment Options

Vaccination side

Visual inspection of vaccination site

Echo guided inspection of vaccination site

Time of vaccination

Vaccination in middle of lymph node

Physical examination 5 and 50-70mins after procedure

Table 2. patient diary, general symptoms

General symptoms are scored on a grade 1-4 scale at 12 hours and 24 hours post immunization. This is re-

Left, right, not performed

No abnormalities, erythema, blisters, other...

No abnormalities, pathological enlarged lymphnode (... mm),

other...

hh:mm

With certainty in middle, doubtful

RR and pulse/min.

peated every 24 hours up to and including day 7.

Chills/rigors

Malaise/tiredness

General

Grade 1:

mild

Mild hot/cold flushes
requiring blanket or
occasional painkillers/
antipyretics

Normal activity reduced
—not bad enough to go
to bed

No limitation of activity

Grade 2:

moderate

Limiting daily activity >6
hours or need regular
painkillers/antipyretics

Fatigue such that % days in
bed for 1 or 2 days

Muscle tenderness, limited

Grade 3:
severe

Uncontrollable
shaking,

treatment from
doctor needed

Fatigue such that
in bed all day or
% for more than
2 days

Severe limitation,

Grade 4:
extreme

Hospitalization

Hospitalization

Hospitalization

muscle aches activity e.g. difficulty

climbing stairs

e.g. can’t climb
stairs

Headache No treatment or responds  Occasional treatment like  Strong pain killers Hospitalization
to usually treatment like paracetamol needed needed (with
paracetamol prescription)

Nausea Intake maintained Intake reduced at most Minimal intake 3 Hospitalization
3 days days or more

Vomiting Less than 4x a day or At least 4x day or lasting 1~ Unable to keep Hospitalization

lasting less than 1 week week of more any food of fluids

down

Table 3. patient diary, local reactions

Local reactions at the injection site (pain, itching) are scored on a grade 1-4 scale at 12 hours and 24 hours
post immunization. This is repeated every 24 hours up to and including day 7. In case there is any redness,
fluid filled blisters, blood fluid blisters or hard swelling of the skin, the patient is instructed to measure and
note the diameter in centimeters.

Grade 2:
moderate

Grade 3:
severe

Grade 4:
extreme

Grade 1:

mild

Partial response to
treatment

Need to use regular
treatment to control
pain

No treatment or Hospitalization

responds to occasional

Pain in injection site
(including ache) but

NOT skin discomfort treatment

Partial response to
treatment

Need to use regular
treatment to control
symptoms

No treatment or Hospitalization
responds well to

treatment prescribed

Itching or irritation
in the skin at site of
injection
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tests (refer to Figure 2) are obtained. At week 18, cART will be reinitiated, unless a patient shows
a stable undetectable viral load. Patients that have not resumed cART at week 30 (study end),
because their plasma viral load remains undetectable and it is their preference not to re-initiate
cART, should be closely monitored for plasma viral load and CD4+ cell counts on a (advised) 8

weekly base by their treating physicians.

Emergency and relevant considerations regarding ATl

In case of a medical urgency, revealing the study arm (i.e. unblinding) is possible by contacting
unblinded pharmacy personnel at the sponsor’s pharmacy. This service is available 24/7. In case
of accidental IMP breakage, loss, temperature excursions etc., backup IMP is available at the
study sites. The investigator can use a backup IMP vial by enquiring the correct backup vial code
at the pharmacy of the sponsor. Since this pharmacy has an unblinded list, the correct backup
code can be issued.

ATl is needed in the search for HIV cure (13). During ATI patients will be monitored for adverse
events of plasma viral rebound such as fever, fatigue, lymphadenopathy, pharyngitis, rash and/
or weight loss. If the CD4+ T cell counts drop below 50% of baseline level or below 350 cells/
ml, an extra CD4+ T cell count will be performed within 7 days. If the results are below 50% of
baseline or below 350 cells/ml, cART will be re-initiated immediately. cART will also be re-initiated
if the physician or investigator judges that this is in the best interest of the patient. A patient will
prematurely discontinue the study in case of withdrawal of informed consent or if the investiga-
tor considers it in the best interest of the patient to withdraw. If a female participant becomes
pregnant along study, she will discontinue the study treatment (i.e. vaccination), but will be asked
for consent for the pregnancy and delivery follow up. Treatment will not be interrupted in these
patients. In case a patient withdraws from the study, all efforts will be made to complete the week

30 assessments as termination visit.

Reporting to authorities and temporary halt or suspension

According to regulations of the European Union and as dictated by Dutch governmental law
Serious Adverse Events (SAEs) will be reported to the accredited Ethical Committee (EC) that ap-
proved the study within a period of maximum 15 days after the sponsor has first knowledge of the
SAE. SAEs that results in death or are life threatening will be reported within 7 days. Suspected
unexpected serious adverse reactions (SUSARs) that have arisen in this trial (and, when applicable
other trials from the same sponsor or with the same study product) will be reported via an online
portal. All SUSARs will be submitted in a line-listing twice a year. An annual safety report of SAEs
and safety analysis will be submitted to the EC’s and competent authorities. The sponsor will
suspend the study if there is sufficient ground that continuation of the study will jeopardize pa-
tient health or safety. A Data Safety Monitoring Board (DSMB), an independent group of experts,

advises the sponsor and will at least meet on four occasions prior to and during the study.
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STUDY ENDPOINTS

Refer to “Primary and secondary objectives” above.

Statistical analysis including sample size calculation

Analysis will be performed using an intention-to-treat approach. Assuming a standard deviation
of 0.5log,, in the change from baseline of cumulative frequencies of HTI specific PBMC, a type 1
error of 5%, a power of 90%, as determined by a two-sided non parametric test (Mann-Whitney,
15% additional subjects), taking into account the weighting for case group ratio of more than 2:1,
a sample of 40 in the HTI-TriMix arm and 15 in each control arm will allow to detect a difference
of at least 0.7log;, between any HTI-TriMix arm and the controls arms, allowing for 10% of non-

assessable patients.

DISCUSSION

In the challenging research field of HIV immunotherapy, we use the iHIVARNA-01 candidate
vaccine in the search for cure. The strategy of the iHIVARNA consortium consists of a DC-based
approach by intranodal administration of a newly developed HIV immunogen (HTI - HTI) and
TriMix. Many of the immunotherapy strategies so far have relied on immunogens that cover
regions of the virus that are frequently targeted by the immune system in the majority of chronic
HIV-infected patients. These immune responses, even when enhanced, in general do not prevent
disease progression (6, 14). HTl is the result of a detailed investigation into effective antiviral T cell
responses and their fine specificity and aims to induce T cell responses of high functional avidity
and higher suppressive capacity towards vulnerable sites of HIV (9, 15).

In addition, co-stimulatory molecules are delivered in the formula of TriMix, consisting of CD40L,
CD70 and TLR4a mRNA. TriMix was used in several trials, showing promising results in the field
of tumor immunology (10, 16, 17) — including unpublished data; NCT 01302496, NCT01066390,
NCT01530698. The rationale to provide extra immunomodulatory signals in the search for HIV
cure was proven in a recent preclinical trial in SIV-infected macaques, where coincident Ad26/
MVA vaccination and TLR7 agonist administration led to better immune stimulation of both the
innate and cellular system. This resulted in a delay in viral rebound and lower plasma viral load
when cART was interrupted (18).

Concerning the administration of the vaccine, iHIVARNA was designed to target DCs. Promising
results were achieved in former studies where autologous DC’s were loaded ex vivo, with inac-
tivated virus or electroporated with mRNA encoding HIV proteins (19). The current study thus
circumvents this laborious DC isolation and handling in the lab, by direct intranodal vaccination in
the inguinal region. The use of naked mRNA bypasses recombinant vectors and their regulatory

issues. However, this is only a proof of concept trial and studies currently are testing stability of
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mRNA and targeted delivery, e.g. via chemical modifications and embedding in particles (20-23).
The goal will be to develop a vaccine that can be used from the fridge or even off the shelf (stored
at room temperature) and that will target DC’s after in vivo administration.

The iHIVARNA phase | open label, dose escalation trial (NCT02413645) proved that this IMP is
safe and well tolerated in HIV-1 infected patients on cART. The iHIVARNA phase lla, is designed as
a randomized, placebo controlled, double blinded trial. The three arm design comprise of A: the
full IMP (HTI and TriMix), B: a placebo consisting of TriMix alone and C: a placebo consisting of
injection fluid. Arm B is important to be able to distinguish effects of general immune activation
by TriMix from the effects of the full vaccine with the HIV specificimmunogen

The trial will evaluate the safety and immunogenicity of iHIVARNA-01 in chronically HIV-infected
patients under stable combined antiretroviral therapy and includes an analytical treatment inter-
ruption. Besides these primary end points, several secondary end points will be evaluated. The
commonly known T-cell ELISPOT essay is extended with analysis of multiple cytokine expression
after in vitro stimulation (9, 24). Also, an ELISPOT assay relying in vitro re-stimulation with autolo-
gous B cells expressing the vaccine immunogen is planned (25, 26). This should give us a more
comprehensive picture of the immune responses induced upon vaccination. An established virus
suppression assay to test the in vitro activity of patient-derived CD8+ T-cells on virus production
by super-infected autologous CD4+ T cells is available (27). Beside the specific immune reactions,
innate immune signatures will be monitored by transcriptome analysis, as this has shown infor-
mative in a previous trial (28).

Control of in vivo viral replication will be studied after analytical treatment interruption and
different endpoint approaches will be considered, i.e. time to viral rebound, levels of pVL and
proportion of patients with undetectable viremia after 12 weeks of treatment interruption. Ef-
fects on the viral reservoir will be measured with various assays during the immunization period,
including ultra-sensitive plasma virus PCR and PCR-bases approaches to measure cell associated
viral RNA and DNA. In case of viral rebound, the evolution of the virus will be followed with deep
sequencing to evaluate mechanisms of immune escape and/or a potential sieve effect on the
rebounding viral populations after the immunotherapy (29). These results may indicate either
an advantageous effect, if the viral and proviral loads decrease and the virus mutates to a less
fit population. On the other hand we might observe escape from the vaccine-induced immune
pressure, without a gross effect on viral burden.

To summarize, the trial has a comprehensive set of assays that will be used to establish the effects
of the immunotherapy in vitro and in vivo. If this candidate would be able to obtain the functional
cure in at least a proportion of patients it could be complementary to cART or even replace cART

and would improve the overall care and cost of HIV-1 infected patients.

Footnote

After completing the phase | and phase Il trial, it became apparent that the study product iHI-

VARNA-01 contains an error in that the RNA sequence contained by mistake a second start codon
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upstream of the HTI immunogen coding sequence. This error is likely to influence the expression
of the HTI protein, from the mRNA vaccine. The degree to which this impacted the expression of
HTI remains unclear. The results of the preclinical study showed an induction of an immunogen
specific T cell response in mice which could not be correlated with known HTI expression as the
expression level of the HTI peptide has not been assessed. Similarly, in the clinical studies, the

level of expression of the immunogen was not quantified.
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